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Abstract
The prognosis of pancreatic adenocarcinoma is 
poor, making it one of the leading causes of cancer-
related death. The 5-year overall survival rate remains 
below 5% and little progress is made during the past 
decade. Only about 10%-20% of patients are eligible 
for curative-intent surgery and the majority end up 

having recurring disease even after radical surgery and 
postoperative adjuvant chemotherapy. Chemotherapy 
in metastatic disease is palliative at best, aiming at 
disease and symptom control and prolongation of life. 
Treatment always causes side effects, the degree of 
which varies from patient to patient, depending on the 
patient’s general condition, concomitant morbidities 
as well as on the chosen treatment modality. Why is 
pancreatic cancer so resistant to treatment? How to 
best help the patient to reach the set treatment goals? 

Key words: Pancreatic cancer; Chemotherapy; Palliative 
treatment; Prognosis; Side effects

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The prognosis of metastatic pancreatic 
adenocarcinoma is poor. Chemotherapy is palliative 
at best. Some patients benefit from treatment, while 
some have rapidly progressing treatment-resistant 
disease. There are several options for single-agent and 
combined treatment. Some patients may even gain 
benefit from treatment in second and even further 
lines and live substantially longer than average. Why is 
pancreatic cancer so resistant to treatment?

Korkeila EA. Advanced pancreatic cancer - how to choose 
an adequate treatment option. World J Gastroenterol 2015; 
21(38): 10709-10713  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i38/10709.htm  DOI: http://dx.doi.
org/10.3748/wjg.v21.i38.10709

INTRODUCTION
Why is pancreatic cancer resistant to treatment?
Symptoms of pancreatic adenocarcinoma, including 
vague upper abdominal or back pain, nausea, fatigue 
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and weight loss, are associated with more advanced 
disease. Tumours of the pancreatic head cause icterus, 
which tends to lead to somewhat earlier diagnosis[1]. 
There are no effective and sensitive, non-invasive cost-
effective methods to screen asymptomatic pancreatic 
cancer, with the exception of patients who have high-
risk precursor lesions, including intraductal papillary 
mucinous neoplasms, and pancreatic intraepithelial 
neoplasia[2]. However, among a substantial proportion 
of patients the diagnosis is inevitably late, making cure 
unreachable[3-11].

Pancreatic cancer is associated with desmoplastic 
reaction, i.e., the tumour mass consisting of not 
only cancer cells but also of an exceptionally high 
percentage of stromal cells, namely fibroblasts and 
inflammatory cells, as well as a substantial amount 
of rigid extracellular matrix[1,12,13]. These factors 
result in inadequate blood and lymphatic vessels as 
well as poor vascularisation and hypoxia, leading 
to poor delivery of chemotherapeutic agents, as 
focused by Chu et al[12] and Feig et al[13]. These micro-
environmental factors, together with several genetic 
mutations, among them KRAS, and SMAD4, AKT, 
MYC and P13K as well as tumour suppressor genes 
TP53 and PTEN, support tumour growth and survival, 
making pancreatic cancer one of the most lethal 
human malignancies[12-14].

FIRST-LINE CHEMOTHERAPEUTIC 
OPTIONS
Gemcitabine
Gemcitabine is a nucleoside analogue that blocks 
DNA replication[1]. Gemcitabine was compared to 
5-fluorouracil (5-FU) in a randomized phase Ⅲ trial 
of 126 patients diagnosed with advanced pancreatic 
cancer. Treatment efficacy was analyzed using clinical 
benefit response, consisting of pain evaluation, 
Karnofsky performance status and weight. Clinical 
benefit rate and median survival were superior among 
patients treated with gemcitabine as compared with 
5-FU (23.8% vs 4.8%, P = 0.0022; 5.65 mo vs 4.41 
mo, respectively)[15]. Thereafter, gemcitabine has 
been the mainstay of treatment in pancreatic cancer. 
The general side effects of treatment, including fever, 
infection and elevation of liver enzymes are usually 
transient and easily manageable. Hemolytic-uremic 
syndrome is a rare, serious side effect, which can be 
fatal[16].

Gemcitabine combinations
Gemcitabine combined with either 5-FU, cisplatin, 
oxaliplatin, or capecitabine has been studied in 
several trials, but no statistically significant survival 
advantage has been shown in pre-nab-paclitaxel-
era[17-21]. A randomized phase Ⅲ study reported by 
Cunningham and colleagues, showed higher response 
rate and progression-free survival for the combination 

treatment as well as a trend for superior overall 
survival. However, in a meta-analysis a survival benefit 
could be reached[22].

Combination chemotherapy without gemcitabine
The PRODIGE group trial randomized 342 patients with 
good performance status (Zubrovsky 0/1) diagnosed 
with metastatic pancreatic cancer to receive either a 
combination of oxaliplatin, irinotecan, leucovorin, 5-FU 
bolus and 5-FU continuous infusion (FOLFIRINOX) 
or single gemcitabine. FOLFIRINOX treatment was 
associated with a statistically superior overall survival 
as compared to gemcitabine (11.1 mo vs 6.8 mo, 
HR = 0.47, P < 0.001). Combined treatment was, 
however, associated with a higher incidence of 
grade 3-4 side effects, including neutropenia, febrile 
neutropenia, thrombocytopenia, diarrhoea and sensory 
neuropathy[23]. Hence, treatment-related toxicity has 
limited the use of FOLFIRINOX in everyday clinical 
practice in full doses.

Nab-paclitaxel-gemcitabine
Nab-paclitaxel is a nanoparticle albumin-bound 
chemotherapeutic agent, which has synergistic effects 
with gemcitabine[24]. MPACT-study randomized 342 
patients with metastatic pancreatic cancer to receive 
nab-paclitaxel plus gemcitabine or gemcitabine alone. 
This study showed the combination treatment to 
improve median overall survival (8.5 mo vs 6.7 mo, 
P = 0.000015)[25], although the survival difference 
was more modest than expected on the basis of the 
previous phase Ⅱ trial (12.2 mo)[24]. The side effects 
of treatment included fatigue, febrile neutropenia and 
reversible sensory neuropathy. However, treatment 
effect in the majority of pre-specified subgroups 
favoured the combination treatment arm. Moreover, 
even patients with less favourable disease features, 
including performance status 2, benefited from 
treatment[25].

Targeted therapy
The addition of bevacizumab or cetuximab to gem-
citabine has not shown improvement in survival among 
patients with pancreatic cancer[26-30].

Erlotinib is an oral tyrosine kinase inhibitor that 
blocks the activity of human epidermal growth factor 
receptor type 1 (HER1/EGFR)[30]. The combination 
of erlotinib and gemcitabine was compared to 
gemcitabine alone among 569 patients with advanced 
pancreatic cancer in a phase Ⅲ trial[31]. Overall survival 
was significantly longer in the combined treatment arm 
than gemcitabine alone arm (6.24 mo vs 5.91 mo, P 
= 0.038). Patients in the combination arm had higher 
incidence of skin rash, infection, diarrhoea, stomatitis 
and interstitial pneumonitis. Patients with grade 2 
skin rash benefited from the combined treatment, 
as compared with those who developed no rash[31]. 
Erlotinib is the only targeted therapy shown to improve 



Table 1  Phase Ⅲ trials of combined treatment showing 
statistically significant survival benefit in metastatic pancreatic 
cancer
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survival so far, albeit the prolongation of life was only 
2 wk.

HOW TO CHOOSE? WHAT ABOUT 
SECOND LINE?
What is comforting enough, we now have choices 
for treatment. Phase Ⅲ trials showing survival 
benefit of combined treatment are displayed in Table 
1. Gemcitabine-nab-paclitaxel combination and 
FOLFIRINOX have provided the longest survival benefit 
in pancreatic cancer. These two treatment modalities 
have not yet been compared in head-to-head-studies. 
Both options are valid. Nab-paclitaxel combined to 
gemcitabine is relatively well tolerated, even though 
it is associated with increased risk of, e.g., infection 
and sensory neuropathy. The latter is transient 
and subsides rapidly after cessation of treatment. 
However, the original FOLFIRINOX treatment carries 
an increased risk of side effects and thereby is only 
suitable for patients with a very good performance 
status. Hence, when used, it has generally been 
delivered with reduced doses. Gemcitabine alone or 
in combination with erlotinib are still options for some 
patients. All patients are not eligible to combined 
treatments; some patients have a widely advanced 
disease and are not candidates for any form of 
chemotherapy. Whichever treatment is chosen in first-
line, its efficacy lasts 4-5 mo at most. Some patients 
may benefit from second-line treatment and even in 
subsequent lines. Most often, an oxaliplatin-based 

regimen is chosen, if not used in first-line, although no 
data from randomized phase Ⅲ trials are available[32]. 
All patients should receive treatment for their symptoms 
and psychological support as needed.

CONCLUSION
The basis for taking care of a patient with a highly 
malignant incurable disease rests on a good patient-
physician interaction. The patient needs to know where 
he stands, in order to form an opinion how he wants 
to proceed. Hope is at least as crucial as honesty. It is 
important for the patient to know what can be done 
to help him, rather than what cannot. The symptoms 
can usually be controlled at least to some extent; bile 
obstruction managed with a stent, and importantly, 
pain alleviated with the help of medication or special 
techniques. Even though some patients are not fit 
for active chemotherapeutic treatment, some do 
gain benefit from therapy and a few live considerably 
longer than average. In my opinion, every person has 
a right to know the basic facts of his disease, have 
his questions answered (if there is an answer) and 
have a chance to participate in deciding, how he is 
going to spend probably the last weeks or months of 
his life. Especially, the patient needs time to think and 
discuss with family and friends, before returning to 
possible treatment options and details or referral to 
symptomatic care.

REFERENCES
1 Hidalgo M . Pancreatic cancer. N Engl J Med 2010; 362: 

1605-1617 [PMID: 20427809 DOI: 10.1056/NEJMra0901557]
2 Greer JB, Brand RE. Screening for pancreatic cancer: current 

evidence and future directions. Gastroenterol Hepatol (N Y) 2007; 
3: 929-938 [PMID: 21960811]

3 Ryan DP, Hong TS, Bardeesy N. Pancreatic adenocarcinoma. 
N Engl J Med 2014; 371: 1039-1049 [PMID: 25207767 DOI: 
10.1056/NEJMra1404198]

4 Hariharan D, Saied A, Kocher HM. Analysis of mortality rates for 
pancreatic cancer across the world. HPB (Oxford) 2008; 10: 58-62 
[PMID: 18695761 DOI: 10.1080/13651820701883148]

5 Finnish Cancer Registry. 26.1.2015 Available from: URL: http://
www.cancer.fi/syoparekisteri/en/statistics/newest-survival-ratios/

6 Chao YJ, Sy ED, Hsu HP, Shan YS. Predictors for resectability 
and survival in locally advanced pancreatic cancer after gem-
citabine-based neoadjuvant therapy. BMC Surg 2014; 14: 72 [PMID: 
25258022 DOI: 10.1186/1471-2482-14-72]

7 Shaib Y, Davila J, Naumann C, El-Serag H. The impact of curative 
intent surgery on the survival of pancreatic cancer patients: a U.S. 
Population-based study. Am J Gastroenterol 2007; 102: 1377-1382 
[PMID: 17403071]

8 Zuckerman DS, Ryan DP. Adjuvant therapy for pancreatic cancer: 
a review. Cancer 2008; 112: 243-249 [PMID: 18050292 DOI: 
10.1002/cncr.23174]

9 Oettle H, Post S, Neuhaus P, Gellert K, Langrehr J, Ridwelski 
K, Schramm H, Fahlke J, Zuelke C, Burkart C, Gutberlet K, 
Kettner E, Schmalenberg H, Weigang-Koehler K, Bechstein WO, 
Niedergethmann M, Schmidt-Wolf I, Roll L, Doerken B, Riess 
H. Adjuvant chemotherapy with gemcitabine vs observation in 
patients undergoing curative-intent resection of pancreatic cancer: 
a randomized controlled trial. JAMA 2007; 297: 267-277 [PMID: 
17227978]

Ref. Primary 
endpoint

Treatment 
arms

No. of 
patients

OS (mo)

Moore et al[31] OS Gemcitabine + 
erlotinib 

569 6.24 vs 5.91 
HR = 0.82 

vs gemcitabine CI: 0.69-0.99 
P = 0.038

Cunningham et al[22] OS Gemcitabine + 533 7.1 vs 6.2 
capecitabine HR = 0.86

vs gemcitabine CI: 0.72-1.02
P = 0.08

Meta-analysis
935 OS NA 

HR = 0.86 
CI: 0.75-0.98

P = 0.02
Conroy et al[23] OS FOLFIRINOX 

vs gemcitabine
342 11.1 vs 6.8

HR = 0.57 
CI: 0.45-0.73 
P < 0.0001

Von Hoff et al[25] OS Nab-paclitaxel 
+ gemcitabine  
vs gemcitabine 

+ placebo

861 8.5 vs 6.7
HR = 0.77

CI: 0.62-0.83 
P < 0.0001

OS: Overall survival; NA: Not available.

Korkeila EA. Advanced pancreatic cancer



10712 October 14, 2015|Volume 21|Issue 38|WJG|www.wjgnet.com

10 Oettle H, Neuhaus P, Hochhaus A, Hartmann JT, Gellert K, 
Ridwelski K, Niedergethmann M, Zülke C, Fahlke J, Arning MB, 
Sinn M, Hinke A, Riess H. Adjuvant chemotherapy with gemcitabine 
and long-term outcomes among patients with resected pancreatic 
cancer: the CONKO-001 randomized trial. JAMA 2013; 310: 
1473-1481 [PMID: 24104372 DOI: 10.1001/jama.2013.279201]

11 Neoptolemos JP, Stocken DD, Bassi C, Ghaneh P, Cunningham 
D, Goldstein D, Padbury R, Moore MJ, Gallinger S, Mariette C, 
Wente MN, Izbicki JR, Friess H, Lerch MM, Dervenis C, Oláh 
A, Butturini G, Doi R, Lind PA, Smith D, Valle JW, Palmer DH, 
Buckels JA, Thompson J, McKay CJ, Rawcliffe CL, Büchler 
MW. Adjuvant chemotherapy with fluorouracil plus folinic acid vs 
gemcitabine following pancreatic cancer resection: a randomized 
controlled trial. JAMA 2010; 304: 1073-1081 [PMID: 20823433 
DOI: 10.1001/jama.2010.1275]

12 Chu GC, Kimmelman AC, Hezel AF, DePinho RA. Stromal 
biology of pancreatic cancer. J Cell Biochem 2007; 101: 887-907 
[PMID: 17266048 DOI: 10.1002/jcb.21209]

13 Feig C, Gopinathan A, Neesse A, Chan DS, Cook N, Tuveson 
DA. The pancreas cancer microenvironment. Clin Cancer Res 
2012; 18: 4266-4276 [PMID: 22896693 DOI: 10.1158/1078-0432.
CCR-11-3114]

14 Le A , Rajeshkumar NV, Maitra A, Dang CV. Conceptual 
framework for cutting the pancreatic cancer fuel supply. Clin 
Cancer Res 2012; 18: 4285-4290 [PMID: 22896695]

15 Burris HA, Moore MJ, Andersen J, Green MR, Rothenberg ML, 
Modiano MR, Cripps MC, Portenoy RK, Storniolo AM, Tarassoff P, 
Nelson R, Dorr FA, Stephens CD, Von Hoff DD. Improvements in 
survival and clinical benefit with gemcitabine as first-line therapy 
for patients with advanced pancreas cancer: a randomized trial. J 
Clin Oncol 1997; 15: 2403-2413 [PMID: 9196156]

16 Fung MC, Storniolo AM, Nguyen B, Arning M, Brookfield W, 
Vigil J. A review of hemolytic uremic syndrome in patients treated 
with gemcitabine therapy. Cancer 1999; 85: 2023-2032 [PMID: 
10223245 DOI: 10.1002/(SICI)1097-0142]

17 Berlin JD, Catalano P, Thomas JP, Kugler JW, Haller DG, 
Benson AB. Phase III study of gemcitabine in combination with 
fluorouracil versus gemcitabine alone in patients with advanced 
pancreatic carcinoma: Eastern Cooperative Oncology Group Trial 
E2297. J Clin Oncol 2002; 20: 3270-3275 [PMID: 12149301 DOI: 
10.1200/JCO.2002.11.149]

18 Heinemann V, Quietzsch D, Gieseler F, Gonnermann M, Schönekäs 
H, Rost A, Neuhaus H, Haag C, Clemens M, Heinrich B, Vehling-
Kaiser U, Fuchs M, Fleckenstein D, Gesierich W, Uthgenannt 
D, Einsele H, Holstege A, Hinke A, Schalhorn A, Wilkowski R. 
Randomized phase III trial of gemcitabine plus cisplatin compared 
with gemcitabine alone in advanced pancreatic cancer. J Clin 
Oncol 2006; 24: 3946-3952 [PMID: 16921047 DOI: 10.1200/
JCO.2009.25.4433]

19 Louvet C, Labianca R, Hammel P, Lledo G, Zampino MG, André 
T, Zaniboni A, Ducreux M, Aitini E, Taïeb J, Faroux R, Lepere 
C, de Gramont A. Gemcitabine in combination with oxaliplatin 
compared with gemcitabine alone in locally advanced or metastatic 
pancreatic cancer: results of a GERCOR and GISCAD phase III 
trial. J Clin Oncol 2005; 23: 3509-3516 [PMID: 15908661 DOI: 
10.1200/JCO.2005.06.023]

20 Scheithauer W, Schüll B, Ulrich-Pur H, Schmid K, Raderer M, 
Haider K, Kwasny W, Depisch D, Schneeweiss B, Lang F, Kornek 
GV. Biweekly high-dose gemcitabine alone or in combination with 
capecitabine in patients with metastatic pancreatic adenocarcinoma: 
a randomized phase II trial. Ann Oncol 2003; 14: 97-104 [PMID: 
12488300]

21 Herrmann R, Bodoky G, Ruhstaller T, Glimelius B, Bajetta E, 
Schüller J, Saletti P, Bauer J, Figer A, Pestalozzi B, Köhne CH, 
Mingrone W, Stemmer SM, Tàmas K, Kornek GV, Koeberle D, 
Cina S, Bernhard J, Dietrich D, Scheithauer W. Gemcitabine 
plus capecitabine compared with gemcitabine alone in advanced 
pancreatic cancer: a randomized, multicenter, phase III trial of 
the Swiss Group for Clinical Cancer Research and the Central 

European Cooperative Oncology Group. J Clin Oncol 2007; 25: 
2212-2217 [PMID: 17538165 DOI: 10.1200/JCO.2006.09.0886]

22 Cunningham D, Chau I, Stocken DD, Valle JW, Smith D, 
Steward W, Harper PG, Dunn J, Tudur-Smith C, West J, Falk S, 
Crellin A, Adab F, Thompson J, Leonard P, Ostrowski J, Eatock 
M, Scheithauer W, Herrmann R, Neoptolemos JP. Phase III 
randomized comparison of gemcitabine versus gemcitabine plus 
capecitabine in patients with advanced pancreatic cancer. J Clin 
Oncol 2009; 27: 5513-5518 [PMID: 19858379 DOI: 10.1200/
JCO.2009.24.2446]

23 Conroy T, Desseigne F, Ychou M, Bouché O, Guimbaud R, 
Bécouarn Y, Adenis A, Raoul JL, Gourgou-Bourgade S, de la 
Fouchardière C, Bennouna J, Bachet JB, Khemissa-Akouz F, Péré-
Vergé D, Delbaldo C, Assenat E, Chauffert B, Michel P, Montoto-
Grillot C, Ducreux M. FOLFIRINOX versus gemcitabine for 
metastatic pancreatic cancer. N Engl J Med 2011; 364: 1817-1825 
[PMID: 21561347 DOI: 10.1056/NEJMoa1011923]

24 Von Hoff DD, Ramanathan RK, Borad MJ, Laheru DA, Smith 
LS, Wood TE, Korn RL, Desai N, Trieu V, Iglesias JL, Zhang 
H, Soon-Shiong P, Shi T, Rajeshkumar NV, Maitra A, Hidalgo 
M. Gemcitabine plus nab-paclitaxel is an active regimen in 
patients with advanced pancreatic cancer: a phase I/II trial. J Clin 
Oncol 2011; 29: 4548-4554 [PMID: 21969517 DOI: 10.1200/
JCO.2011.36.5742]

25 Von Hoff DD, Ervin T, Arena FP, Chiorean EG, Infante J, Moore 
M, Seay T, Tjulandin SA, Ma WW, Saleh MN, Harris M, Reni 
M, Dowden S, Laheru D, Bahary N, Ramanathan RK, Tabernero 
J, Hidalgo M, Goldstein D, Van Cutsem E, Wei X, Iglesias J, 
Renschler MF. Increased survival in pancreatic cancer with nab-
paclitaxel plus gemcitabine. N Engl J Med 2013; 369: 1691-1703 
[PMID: 24131140 DOI: 10.1056/NEJMoa1304369]

26 Kindler HL, Niedzwiecki D, Hollis D, Sutherland S, Schrag 
D, Hurwitz H, Innocenti F, Mulcahy MF, O’Reilly E, Wozniak 
TF, Picus J, Bhargava P, Mayer RJ, Schilsky RL, Goldberg RM. 
Gemcitabine plus bevacizumab compared with gemcitabine plus 
placebo in patients with advanced pancreatic cancer: phase III trial 
of the Cancer and Leukemia Group B (CALGB 80303). J Clin 
Oncol 2010; 28: 3617-3622 [PMID: 20606091 DOI: 10.1200/
JCO.2010.28.1386]

27 Van Cutsem E, Vervenne WL, Bennouna J, Humblet Y, Gill S, 
Van Laethem JL, Verslype C, Scheithauer W, Shang A, Cosaert 
J, Moore MJ. Phase III trial of bevacizumab in combination with 
gemcitabine and erlotinib in patients with metastatic pancreatic 
cancer. J Clin Oncol 2009; 27: 2231-2237 [PMID: 19307500 DOI: 
10.1200/JCO.2008.20.0238]

28 Philip PA, Benedetti J, Corless CL, Wong R, O’Reilly EM, Flynn 
PJ, Rowland KM, Atkins JN, Mirtsching BC, Rivkin SE, Khorana 
AA, Goldman B, Fenoglio-Preiser CM, Abbruzzese JL, Blanke 
CD. Phase III study comparing gemcitabine plus cetuximab versus 
gemcitabine in patients with advanced pancreatic adenocarcinoma: 
Southwest Oncology Group-directed intergroup trial S0205. J Clin 
Oncol 2010; 28: 3605-3610 [PMID: 20606093 DOI: 10.1200/
JCO.2009.25.7550]

29 Cascinu S, Berardi R, Labianca R, Siena S, Falcone A, Aitini E, 
Barni S, Di Costanzo F, Dapretto E, Tonini G, Pierantoni C, Artale 
S, Rota S, Floriani I, Scartozzi M, Zaniboni A. Cetuximab plus 
gemcitabine and cisplatin compared with gemcitabine and cisplatin 
alone in patients with advanced pancreatic cancer: a randomised, 
multicentre, phase II trial. Lancet Oncol 2008; 9: 39-44 [PMID: 
18077217 DOI: 10.1016/S1470-2045(07)70383-2]

30 Xiong HQ, Abbruzzese JL. Epidermal growth factor receptor-
targeted therapy for pancreatic cancer. Semin Oncol 2002; 29: 
31-37 [PMID: 12422311 DOI: 10.1200/JCO.2004.12.040]

31 Moore MJ, Goldstein D, Hamm J, Figer A, Hecht JR, Gallinger S, 
Au HJ, Murawa P, Walde D, Wolff RA, Campos D, Lim R, Ding 
K, Clark G, Voskoglou-Nomikos T, Ptasynski M, Parulekar W. 
Erlotinib plus gemcitabine compared with gemcitabine alone in 
patients with advanced pancreatic cancer: a phase III trial of the 
National Cancer Institute of Canada Clinical Trials Group. J Clin 

Korkeila EA. Advanced pancreatic cancer



10713 October 14, 2015|Volume 21|Issue 38|WJG|www.wjgnet.com

Oncol 2007; 25: 1960-1966 [PMID: 17452677 DOI: 10.1200/
JCO.2006.07.9525]

32 Seufferlein T, Bachet JB, Van Cutsem E, Rougier P. Pancreatic 

adenocarcinoma: ESMO-ESDO Clinical Practice Guidelines for 
diagnosis, treatment and follow-up. Ann Oncol 2012; 23 Suppl 7: 
vii33-vii40 [PMID: 22997452 DOI: 10.1093/annonc/mds224]

P- Reviewer: Delitala AP, Mizuno N, Plaza MA, Yip-Schneider MT    
S- Editor: Ji FF    L- Editor: A    E- Editor: Liu XM

Korkeila EA. Advanced pancreatic cancer



Hepatitis B virus infection in Indonesia

Yoshihiko Yano, Takako Utsumi, Maria Inge Lusida, Yoshitake Hayashi

Yoshihiko Yano, Takako Utsumi, Yoshitake Hayashi, Center 
for Infectious Diseases, Kobe University Graduate School of 
Medicine, Kobe 650-0017, Japan

Takako Utsumi, Maria Inge Lusida, Indonesia-Japan Collabo-
rative Research Center for Emerging and Re-emerging Infectious 
Diseases, Institute of Tropical Disease, Airlangga University, 
Surabaya 60115, Indonesia

Author contributions: All the authors made a substantial 
contribution to the conception and design of the study, data 
acquisition, and to drafting and critically revising the manuscript; 
the authors approved the final version. 

Supported by Japan Initiative for Global Research Network 
on Infectious Diseases (J-GRID) program from the Ministry of 
Education, Culture, Sports, Science and Technology, Japan.

Conflict-of-interest statement: All the authors declare that they 
have no conflict of interest.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Correspondence to: Takako Utsumi, PhD, Center for 
Infectious Diseases, Kobe University Graduate School of 
Medicine, 7-5-1 Kusunoki-cho, Chuo-ku, Kobe 650-0017, 
Japan. tutsumi@people.kobe-u.ac.jp
Telephone: +81-78-3825700
Fax: +81-78-3825719

Received: April 28, 2015
Peer-review started: May 6, 2015
First decision: June 23, 2015
Revised: July 14, 2015
Accepted: September 15, 2015 
Article in press: September 15, 2015
Published online: October 14, 2015

TOPIC HIGHLIGHT

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i38.10714

World J Gastroenterol  2015 October 14; 21(38): 10714-10720
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2015 Baishideng Publishing Group Inc. All rights reserved.

10714 October 14, 2015|Volume 21|Issue 38|WJG|www.wjgnet.com

2015 Advances in Hepatitis B virus

Abstract
Approximately 240 million people are chronically 
infected with hepatitis B virus (HBV), 75% of whom 
reside in Asia. Approximately 600000 of infected 
patients die each year due to HBV-related diseases or 
hepatocellular carcinoma (HCC). The endemicity of 
hepatitis surface antigen in Indonesia is intermediate 
to high with a geographical difference. The risk of 
HBV infection is high in hemodialysis (HD) patients, 
men having sex with men, and health care workers. 
Occult HBV infection has been detected in various 
groups such as blood donors, HD patients, and HIV-
infected individuals and children. The most common 
HBV subgenotype in Indonesia is B3 followed by 
C1. Various novel subgenotypes of HBV have been 
identified throughout Indonesia, with the novel HBV 
subgenotypes C6-C16 and D6 being successfully 
isolated. Although a number of HBV subgenotypes 
have been discovered in Indonesia, genotype-
related pathogenicity has not yet been elucidated 
in detail. Therefore, genotype-related differences in 
the prognosis of liver disease and their effects on 
treatments need to be determined. A previous study 
conducted in Indonesia revealed that hepatic steatosis 
was associated with disease progression. Pre-S2 
mutations and mutations at C1638T and T1753V in 
HBV/B3 have been associated with advanced liver 
diseases including HCC. However, drug resistance to 
lamivudine, which is prominent in Indonesia, remains 
obscure. Although the number of studies on HBV in 
Indonesia has been increasing, adequate databases 
on HBV infection are limited. We herein provided an 
overview of the epidemiology and clinical characteristics 
of HBV infection in Indonesia.

Key words: Hepatitis B virus; Epidemiology; Prevention; 
Clinical characteristics; Indonesia
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in different areas of the world and the prevalence 
of chronic HBV infection can be categorized as high, 
intermediate, or low endemicity. Table 1 shows the 
prevalence of the HBsAg in not only the general 
population, but also risk groups such as commercial sex 
workers (CSW) and men having sex with men (MSM). 
The prevalence of HBV in the general population in 
Indonesia is higher than that of HCV (2%)[12], with the 
highest rates being reported in Makassar (7.1%)[13] in 
Sulawesi Island and the lowest rates being reported 
in Jakarta (4.0%)[14] in Java Island; however, another 
study reported that the prevalence of HBV in Jakarta 
was 5.8% in the general population[15]. Hasan 
previously reported that the prevalence of HBV infection 
in the general population was the highest in Pontianak 
(9.1%) in the Kalimantan Island[5]. Furthermore, the 
prevalence of HBsAg was markedly higher in habitants 
in the highland of Papua (12.8%) and North Sulawesi 
(33.0%)[16]. The prevalence of HBsAg in pregnant 
women was found to be the same as that in the 
general population in Indonesia[17,18]. These findings 
demonstrated that the endemicity of HBsAg among the 
general population in Indonesia is intermediate to high, 
as reported previously[2,19]. 

HBV infection was not detected in children in 
Tahuna, North Sulawesi, and Surabaya, East Java, 
suggesting the efficacy of Hepatitis B (HB) vaccinations 
in pre-school children[11,20]. 

The highest risk group of HBV infection was 
previously reported to be hemodialysis (HD) patients 
(11.2%) in Yogyakarta[12], followed by MSM (9.8%)[21] 
in Solo in the Java Island (Table 1). The prevalence 
of HBV/HIV co-infection was found to be higher than 
that of HBV infection alone in Indonesia[22-24] as well 
as in neighboring countries such as Vietnam and 
India. The incidence of HIV and HBV burden are 
currently increasing in Indonesia[22,23,25]; however, no 
HBV/HIV co-infection cases have been identified in 
CSW[26]. The prevalence of HBsAg has been classified 
as high endemicity (8.8%) in health care workers[27] 
and intermediate endemicity in staff in HDU (5.7%) 
throughout Indonesia (Table 1). A previous study 
also revealed that the prevalence of HBsAg was 
high among medical employees in Padang (11.2%), 
Mataram (13.3%), and Irian Jaya (13.3%)[5].

Many unique animals exist in Indonesia because 
of its specific ecosystem. Gibbons in Kalimantan were 
previously reported to be infected with HBV having 
their own genotype[28].

OCCULT HBV INFECTION 
Occult HBV infection (OBI) is defined as the presence 
of HBV DNA in the serum and/or liver tissue of 
individuals with HBV core antibodies (anti-HBc) without 
HBsAg[29]. Several studies have been conducted on 
OBI in Indonesia. OBI was detected in 8.1% of blood 
donors with amino acid mutations (T123A, M133L, 
and T143M) in the a determinant of HBsAg, which 
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Core tip: Hepatitis B virus (HBV) infection is an 
important public concern and its prevalence varies 
greatly in different parts of the world. The high 
prevalence of HBV in Indonesia highlights the need 
to improve prevention and control measures because 
few evidence-based prevention strategies are currently 
available. Although studies on HBV in Indonesia are 
increasing, it is still not fully understood. We herein 
reviewed epidemiologically important aspects of HBV 
infection in Indonesia.

Yano Y, Utsumi T, Lusida MI, Hayashi Y. Hepatitis B virus 
infection in Indonesia. World J Gastroenterol 2015; 21(38): 
10714-10720  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i38/10714.htm  DOI: http://dx.doi.
org/10.3748/wjg.v21.i38.10714

INTRODUCTION
Hepatitis B virus (HBV) infection is associated with a 
diverse range of liver damage including asymptomatic 
carriers, chronic hepatitis, liver cirrhosis, and 
hepatocellular carcinoma (HCC). Approximately 240 
million people are chronically infected with HBV[1], 75% 
of whom reside in Asia[2]. Approximately 600000 of 
infected patients die each year of HBV-related diseases 
or HCC[3]. The prevalence of HBV infection varies 
according to the geographic region, and is categorized 
as high (≥ 8%), intermediate (2%-7%), or low (< 
2%) endemicity. The endemicity of HBV in Indonesia 
is moderate to high[4,5], ranging from 2.5% to 10% for 
hepatitis B surface antigen (HBsAg)[2,5,6]. HBV has been 
classified into at least 9 genotypes (A through H and 
J) and has been shown to have a distinct geographical 
distribution[7,8]. The most common HBV subgenotype 
is HBV B3 (HBV/B3), followed by HBV/C1[9]; however, 
various novel genotypes have been detected in 
Indonesia. 

Indonesia is the largest archipelago in the world, 
consisting of five major islands and approximately 30 
smaller groups. The archipelago is located between 
two oceans, the Pacific and Indian oceans, and bridges 
two continents, Asia and Australia. This strategic 
position has influenced the serological and virological 
aspects of HBV infection (Figure 1). Although the 
number of studies conducted on HBV in Indonesia 
has increased, adequate databases on HBV infection 
are still limited[10]. The epidemiology of HBV remains 
obscure in Indonesia[11]. Therefore, we herein provided 
an overview of HBV infection among the Indonesian 
population.

PREVALENCE OF HBV INFECTION AND 
RISK FACTORS IN INDONESIA
The prevalence of chronic HBV infection varies greatly 



resulted in changes in predicted antigenicity[30]. 
Several OBI cases were detected among school 
children with the variant T126I, which may be one of 
the viral mechanisms helping the virus to escape from 
current HB vaccines in Indonesia[31]. In Banjarmasin, 
Kalimantan, OBI was identified in healthy young adults 
with 13 amino acid substitutions[32]. Awareness of 
the reactivation of OBI has increased in Indonesia, 
especially in HBV endemic areas[33]. A total of 27.1% 
and 14.7% of HIV-infected individuals and HD patients, 
respectively, were considered to have OBI[12,22], 
suggesting that the prevalence of HBV infection 
regardless of HBsAg was high in immunosuppressive 

patients.

HBV GENOTYPES/SUBGENOTYPES IN 
INDONESIA
HBV is currently grouped into at least 9 genotypes (A 
through H and J, with I still being controversial)[34]. 
The HBV sequence is characterized by more than 
8% nucleotide (nt) differences for genotypes and 
4%-8% for subgenotypes. The most common HBV 
subgenotype in Indonesia is HBV/B3, followed by HBV/
C1[35,36] (Table 1), with various novel subgenotypes 
of HBV being identified throughout Indonesia. Ten 
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Sumatra
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Kalimantan
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Figure 1  Map of Indonesia. Indonesia is the largest archipelago in the world, consisting of five major islands and approximately 30 smaller groups.

Table 1  Prevalence of hepatitis B surface antigen and risk factors in Indonesian populations

Region Prevalence (%) Subject Main genotype Ref.

Java 
   Bandung   4.7 Pregnant women Reniers et al[17], 1987
   Jakarta   4.0 General population Akbar et al[14], 1997
   Jakarta   5.8 General population Budihusodo et al[15], 1991
   Jakarta   2.2 Parturient women Gunardi et al[6], 2014
   Surabaya   4.0 CSW Kotaki et al[26], 2013
   Solo   9.8 MSM Prasetyo et al[21], 2014
   Four prisons in Central Java1   3.2 Drug abuser inmates in prisons B3, C1 Prasetyo et al[10], 2013
   Yogyakarta 11.2 HD patients B3 Rinonce et al[12], 2013

  5.7 Staff in HDU B3
Sumatra
   Padang HBV carriers C1, B3 Siburian et al[9], 2013
Kalimantan
   Banjarmasin   4.6 General population B, C Darmawan et al[32], 2015
Sulawesi
   Tahuna   4.9 General population C5 Achwan et al[11], 2007
   Makassar   7.1 General population Amirudin et al[13], 1991
Bali1   1.9 Pregnant women Surya et al[18], 2005
Papua
   Jayapura   4.6 General population C6, D6, B3 Lusida et al[36], 2008

1Exact place is not mentioned. MSM: Men having sex with men; CSW: Commercial sex workers; HD: Hemodialysis; HDU: Hemodialysis unit.
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associated with disease progression[49]. Steatosis was 
identified as an independent risk factor for HCC and 
the progression of hepatitis was found to be more 
rapid in HCV patients with steatosis[50,51]. However, 
a meta-analysis revealed that hepatic steatosis was 
not related to the clinical course of HBV patients[52]. 
A previous study reported that hepatic steatosis was 
more strongly associated with genotype C (37.9%) 
than with genotype B (24.0%)[53]. Lesmana et al[54] 
examined 179 CHB patients in Jakarta and found the 
prevalence of hepatic steatosis to be approximately 
30%. Obesity is a serious social issue in Indonesia, 
as in other countries[55]. However, studies on steatosis 
in Indonesia are still limited, and, as such, further 
investigations are warranted. 

Although the prevalence of HBV and HCV infections 
in Southeast Asia including Indonesia is high, clinical 
studies remain limited. Lamivudine, adefovir, and 
telbivudine, therapeutic drugs for CHB, are currently 
covered by health insurance in Indonesia. Although 
drug resistance to lamivudine has not yet been 
examined, it is common for the cheapest drug, 
lamivudine, to be prescribed or antiviral therapy to be 
discontinued due to economic reasons. Therefore, the 
prevalence of lamivudine-resistant HBV may increase. 
Telbivudine, which was recently approved in Indonesia, 
was found to be effective for Indonesian HBV carriers. 
Sulaiman et al[56] reported that HBeAg loss and the 
seroconversion rate for HBeAg-positive patients were 
28.8% and 14.1% at week 52 of telbivudine therapy, 
respectively. Furthermore, undetectable HBV DNA 
(PCR negativity) was 51.8% at week 24 and 62.7% at 
week 52 of this therapy. However, a large-scale study 
has not yet been conducted on interferon therapy for 
CHB and, thus, its effectiveness currently remains 
unknown.

Previous studies revealed a hepatitis virus co-
infection among HIV patients. Anggorowati et al[23] 
examined 126 HIV patients in Yogyakarta city and 
found that 8% had the HBsAg and were considered 
to be co-infected with HBV. Utsumi et al[22] examined 
118 HIV patients in Surabaya City, and reported 
that 15.3% were HBsAg-positive while 27.1% were 
positive for HBV-DNA regardless of being HBsAg-
negative and were considered to have OBI. These 
findings suggested that HBV co-infection including 
OBI was frequent among HIV patients and serological 
examinations were sometimes insufficient for detecting 
co-infections because of a compromised immune 
system. Fibriani et al[24] recently examined 616 HIV 
patients in Bandung city in West Java, found HBV co-
infection in approximately 7% of these patients, and 
identified the clinical characteristics of co-infection as 
being male and having a history of injection drug use. 

HBV infection was examined in HD patients. 
Rinonce et al[12] examined 161 HD patients in 
Yogyakarta, and revealed that the prevalence of 
HBsAg positivity was 11.8% and also that the viral 

novel HBV subgenotypes (HBV/C7-C16) were isolated 
in Indonesia between 2008 and 2012[37-41]. HBV/C6, 
HBV/C11, and HBV/D6 were identified in a Papuan 
population[36,40,42]. Genotype J (HBV/J) was detected in 
a Japanese patient with HCC who was thought to have 
been infected in Kalimantan, Indonesia, during World 
War Ⅱ[28,43]. HBV isolates from subjects from Sulawesi 
clustered within the HBV/C5, together with known 
isolates from the Philippines and Vietnam[11]. The 
distribution of genotypes/subgenotypes varies even 
in different regions of a country, which may partly be 
related to the ethnic origin of the infected patients.

PREVENTION
The most significant achievement in the prevention 
of HB is the implementation of a universal infant 
vaccination for HB. The HB universal vaccination was 
introduced in Indonesia in 1997, with the Indonesian 
government attempting to ensure that every newborn 
was vaccinated against HBV infection during the 
first 7 d of life. The immunization project in Lombok 
decreased the prevalence of HBsAg from 6.2% to 1.4% 
among children less than 5 years old[44]. In Surabaya 
and North Sulawesi, the prevalence of HBsAg in 
preschool children was reported to be 0%[11,20], a result 
that was attributed to the universal HB vaccination. 
Although the prevalence of HBsAg among children 
varies by region, for example, 3.1% in Lamongan in 
East Java[31] and 4.2% in Papua, the HB vaccination 
history is obscure. Since the HB vaccination is one 
of the Expanded Program on Immunization projects 
being run by the government, communication with 
the local government is of great importance for better 
practices.

CHARACTERISTICS OF CHRONIC HBV 
INFECTION IN INDONESIA
Previous studies revealed that the clinical characteristics 
of chronic HB (CHB) differed among genotypes, and 
the prognosis of genotype B was better than that of 
genotype C[45-47]. However, most studies in Asia were 
conducted in Taiwan, China, Hong Kong, and Japan. 
The main subgenotype in Indonesia is HBV/B3, which 
is different from the subgenotypes HBV/B1 and 
HBV/B2 mainly analyzed in other Asian countries[48]. 
Furthermore, HBV/C in Indonesia is mainly HBV/C1 
in Java and HBV/C6 in Papua, and is different from 
HBV/C, which is spreading in East Asian countries 
such as China and Japan[36,42]. Since most clinical 
studies conducted in Indonesia involved patients 
with HBV/B, the clinical course of HBV/C in Indonesia 
currently remains unclear. Although HCC is prevalent 
in Indonesia, further studies are needed to determine 
clinical characteristics in relation to the genotypes in 
Indonesia. 

Recent studies revealed that hepatic steatosis was 
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genomes of several strains were identical, suggesting 
nosocomial infection.

LIVER CANCER IN RELATION TO HBV IN 
INDONESIA
Cancer-related death is a major public health problem 
in Indonesia and accounts for the seventh largest 
cause of death. According to the Jakarta Cancer 
Registry, the ratio of liver cancer between 2005 and 
2007 was 1.4 per 100000 (eleventh place) among 
women and 4.0 per 100000 (third place) among 
men[57]. On the other hand, HBV is the most common 
cause of HCC. Sulaiman[58] and Marwoto et al[59] firstly 
reported in 1985 that the frequency of HBV among 
HCC was 67.0%, while Sulaiman showed that it was 
47.6%. Wang et al[60] examined the epidemiology of 
HCC in Japan, India, China, and Indonesia, and found 
that the positive prevalences of the HBsAg and HCV 
antibody were 21.0% and 40.0% in Indonesian patients 
with liver cancer, respectively. HBV is a well-known 
oncogenic virus, and previous studies revealed that 
the Pre-S mutation, X mutation, and BCP-PC mutation 
were associated with hepatocarcinogenesis[61,62]. The 
Pre-S1 deletion, Pre-S2 deletion, T53C mutation were 
found to be related to HCC at the S domain. Utama et 
al[63] examined the prevalence of the Pre-S2 mutation 
among 268 HBV carriers in Bantan, and showed it was 
2.7%, 18.2%, 40.9%, and 28.6% in asymptomatic 
carriers, chronic hepatitis, liver cirrhosis, and HCC, 
respectively, indicating that the Pre-S2 mutation was 
an independent factor of progressive liver disease. A 
meta-analysis revealed that the X domain including 
an A1762T/G1764A double mutant, T1753V, C1653T, 
G1896A, and G1899A were related to HCC[64]. 
Heriyanto et al[35] compared 40 cirrhosis and liver 
cancer patients with 109 chronic hepatitis patients in 
Yogyakarta city, and a multivariate analysis identified 
being older than 45 years old (OR = 2.61, P = 0.034), 
having a C1638T variation (OR = 1074.57, P = 0.005), 
and having a T1753V variation (OR = 6.39, P = 
0.047) as independent factors participating in disease 
progression.

HBV INFECTION AND HOST FACTORS
Recent technological advances revealed that various 
kinds of genetic factors are associated with cancers. 
The genome-wide association study showed that a 
large number of single nucleotide polymorphisms 
(SNPs) were related to various kinds of cancers. In 
case-control and retrospective studies on liver cancers, 
numerous candidate genes for SNPs were found to 
be associated with HCC. In 2009, Kamatani et al[65] 
examined 188 Japanese CHB patients and 934 controls 
and was the first to show that SNPs in the human 
leukocyte antigen (HLA)-DP region were associated 
with chronic HBV carriers. The HLA gene is located 

in 6p21.3 and plays an important role in antigen 
presentation. Polymorphisms in this region were also 
identified not only in Japanese patients, but also in 
Chinese patients[66,67]. In Indonesian populations, 
several SNPs including rs3135363 in HLA-DR, 
rs9277535 in HLA-DP, and rs9267665 in a gene-rich 
HLA class Ⅲ interval were associated with HB vaccine 
responses[68]. Host factors are also important for HBV 
infection and disease progression. Further analyses are 
needed to confirm these findings.

CONCLUSION
The endemicity of HBsAg in Indonesia is intermediate 
to high with a geographical difference. HD patients, 
MSM, and health care workers are at high risk of 
HBV infection. OBI has also been detected in various 
groups such as blood donors, HD patients, and HIV-
infected individuals and children. Appropriate national 
immunization programs are required in HBV endemic 
countries such as Indonesia in order to reduce HBV 
infection. Although a number of HBV subgenotypes 
have been discovered in Indonesia, genotype-
related pathogenicity has not yet been elucidated 
in detail. Therefore, genotype-related differences in 
the prognosis of liver disease and their effects on 
treatments are eagerly awaited. 
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Abstract
Immune-mediated liver injury is widely seen during 

hepatitis B virus (HBV) infection. Unsuccessful immune 
clearance of HBV results in chronic hepatitis and 
increases the risk of liver cirrhosis and hepatocellular 
carcinoma. HBV-related liver fibrosis (HBVLF), occurring 
as a result of HBV-induced chronic hepatitis, is a 
reversible, intermediate stage of chronic hepatitis 
B (CHB) and liver cirrhosis. Therefore, defining the 
pathogenesis of HBVLF is of practical significance 
for achieving better clinical outcomes. Recently, the 
homeostasis of CD4+ T cells was considered to be 
pivotal in the process of HBVLF. To better uncover 
the underlying mechanisms, in this review, we 
systematically retrospect the impacts of different CD4+ 
T-cell subsets on CHB and HBVLF. We emphasize CD4+ 
T-cell homeostasis and the important balance between 
regulatory T (Treg) and T helper 17 (Th17) cells. We 
discuss some cytokines associated with Treg and Th17 
cells such as interleukin (IL)-17, IL-22, IL-21, IL-23, 
IL-10, IL-35 and IL-33, as well as surface molecules 
such as programmed cell death protein 1, cytotoxic T 
lymphocyte-associated antigen 4, T cell immunoglobulin 
domain and mucin domain-containing molecule 3 and 
cannabinoid receptor 2 that have potential therapeutic 
implications for the homeostasis of CD4+ T cells in CHB 
and HBVLF.

Key words: Homeostasis; Regulatory T cells; T helper 
17 cells; CD4+ T cells; Liver fibrosis; Chronic hepatitis B; 
Pathogenesis; Therapy

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Hepatitis B virus (HBV)-related liver fibrosis 
(HBVLF) is a reversible, intermediate stage of chronic 
hepatitis B and liver cirrhosis. The homeostasis of CD4+ 
T cells, especially the balance between regulatory T 
(Treg) cells and T helper 17 (Th17) cells is pivotal 
in HBVLF. Therefore, uncovering the underlying 
mechanisms of CD4+ T cell homeostasis regulating 

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i38.10721

10721 October 14, 2015|Volume 21|Issue 38|WJG|www.wjgnet.com

World J Gastroenterol  2015 October 14; 21(38): 10721-10731
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2015 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT

Restoring homeostasis of CD4+ T cells in hepatitis-B-virus-
related liver fibrosis

2015 Advances in Hepatitis B virus

Li-Sha Cheng, Yun Liu, Wei Jiang



HBVLF may help achieve better clinical outcomes. 
We discuss Treg and Th17 cell-related cytokines and 
surface molecules that may be targeted therapeutically 
to alter CD4+ T-cell homeostasis in chronic HBV 
infection.

Cheng LS, Liu Y, Jiang W. Restoring homeostasis of CD4+ T cells 
in hepatitis-B-virus-related liver fibrosis. World J Gastroenterol 
2015; 21(38): 1072110731  Available from: URL: http://www.
wjgnet.com/10079327/full/v21/i38/10721.htm  DOI: http://
dx.doi.org/10.3748/wjg.v21.i38.10721

INTRODUCTION 
Over 350 million people worldwide are chronically 
infected with hepatitis B virus (HBV). According to the 
World Health Organization, HBV puts people at high 
risk of death from liver cirrhosis (LC) and hepatocellular 
carcinoma (HCC), thus causing a heavy global health 
burden. HBV is hepatotropic but not cytopathic, and 
interactions between HBV, hepatocytes and the host 
immune system determine the natural history of 
infected individuals[1]. CD4+ T cells play key roles in 
HBV infection. On one hand, CD4+ T cells substantially 
impact the clearance of HBV by aiding cytotoxic CD8+ 
T cells, B cells and natural killer T cells[2]. On the other 
hand, CD4+ T cells contribute to the pathogenesis of 
inflammation progression via production of an array of 
pro-inflammatory and pro-fibrotic cytokines[2,3].

Liver fibrosis is recognized as a wound-healing 
response driven primarily by inflammation in response 
to various parenchymal injuries[4]. HBV-related liver 
fibrosis (HBVLF) is a reversible, intermediate stage of 
chronic hepatitis B (CHB) and LC[5]. As conventional 
subsets of CD4+ T cells, T helper 1 (Th1) and Th2 
cells are well-known. Th1 cells produce high levels of 
interferon γ (IFN-γ), which helps to develop an efficient, 
specific antiviral immune response and attenuate tissue 
fibrosis[6,7]. Th2 cells produce interleukin (IL)-4, IL-5 and 
IL-13, which suppress Th1 cells, resulting in persistent 
HBV replication and chronic liver immunopathology, 
and are directly involved in fibrogenesis[6-8]. However, 
detailed study of the immunity of liver fibrosis has 
shown that the Th1/Th2 dichotomy is not appropriate. 
Nowadays, the crucial roles of newly-identified CD4+ 
T-cell subsets are widely recognized and extensively 
researched in the progression of CHB.

CD4+ T-CELL SUBSETS AND THEIR 
IMPACT ON HBV-RELATED CHRONIC 
HEPATITIS AND LIVER FIBROSIS
On the basis of characteristic transcription factors, 
unique cytokine profiles and discrete functional 
properties, CD4+ T cells can be subdivided into new 
subsets. These include Th17, Th9, Th22, T follicular 

helper (Tfh) and regulatory T (Treg) cells, in addition 
to the conventional Th1 and Th2 cells.

Th17 cells
IL-17 and its potential role in immunity were discovered 
two decades ago[9], then Th17 cells were defined as 
an independent lineage of T-helper cells in 2005[10,11]. 
Since then, IL-17 and Th17 cells have been extensively 
studied to define their properties and roles. At present, 
the pathogenic role of Th17 cells in promoting liver 
injury and fibrosis is widely recognized[12-15]. Circulating 
and intrahepatic Th17 cell numbers are increased in 
HBV-infected patients with CHB or HBV-related acute-
on-chronic liver failure (ACLF), and IL-17 expressions 
positively related to the severity of liver injury and 
inflammation progression[12,13]. Th17 cell numbers also 
increase with the severity of liver fibrosis in humans 
and mice[14,15].

Until now, the role of Th17 cells in the pathogenesis 
of liver fibrosis has not yet been fully elucidated. 
Several studies have found that IL-17 affects hepatic 
stellate cells (HSCs), by recruiting neutrophils and 
monocytes[14-17]. However, the whole is greater than 
the sum of its parts. When naïve CD4+ T cells are 
exposed to transforming growth factor (TGF)-β and 
IL-6 during antigen activation, the cells upregulate the 
Th17 cell-specific transcriptional factor retinoid orphan 
nuclear receptor γt (RORγt) and differentiate into Th17 
cells[10,11]. In addition, IL-21 may allow amplification of 
Th17 cells with or without IL-6 and TGF-β, and IL-23 is 
indispensable for the proliferation and function of Th17 
cells[18-22]. After activation, Th17 cells secrete a mixture 
of cytokines including IL-17, IL-21, IL-22, IL-6, IL-9 
and tumor necrosis factor α (TNF-α). Although most 
Th17 cell-mediated pathogenic effects are attributed to 
IL-17, the impact of Th17 cells is more complex than 
IL-17-mediated effects.

IL-22 is produced primarily by Th17 cells, and 
exerts hepatoprotective or pathological effects 
under different settings of liver diseases, such as 
acute liver damage induced by carbon tetrachloride 
(CCl4), concanavalin A or Fas ligand, alcoholic liver 
diseases, and chronic hepatitis caused by HBV or 
hepatitis C virus (HCV) infection[23-26]. Zhao et al[26] 
found that IL-22 was positively related to hepatitis 
and fibrosis in HBV-infected patients with LC, and 
using an HBV transgenic mouse model, the authors 
suggested that IL-22 exacerbated chronic hepatitis 
and fibrosis by promoting Th17 cell recruitment[26]. 
Other researchers have noted that the predominance 
of IL-22’s pathological functions over its protective 
functions in patients with HBV was due to the cytokine’s 
ability to upregulate chemokine expression to recruit 
inflammatory cells into the liver[23]. However, there are 
also some researchers have observed that the levels of 
IL-22 were significantly reduced in severe liver injuries 
during CHB[27]. 

Another important Th17 cell-related cytokine 
is IL-21. Recent studies have indicated that both 
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circulating IL-21+CD3+CD8- T cell numbers and intra-
hepatic IL-21 levels are correlated with the severity of 
liver damage in patients with active CHB, HBV-related 
LC and HBV-related ACLF[28-30]. In addition, IL-21 
causes HSC activation in vitro, thus facilitating the 
fibrogenesis of LC[29]. 

The effects of Th17 cells in HBV-related liver 
injury and fibrosis are comprehensive, and need 
to be further elucidated. Moreover, there are still 
mysteries surrounding Th17 cells. Apart from the 
integrated effects of Th17-related cytokines, other 
sources of these cytokines [such as IL-17 produced by 
neutrophils, natural killer T (NKT) cells, macrophages, 
and γδT cells] may make it difficult to define the exact 
roles of Th17 cells in liver fibrosis[31]. In recent years, 
the plasticity of Th17 cells during inflammation has 
been widely reported[32,33], revealing the importance of 
crosstalk between different CD4+ T-cell subsets.

Treg cells
CD4+CD25+ Treg cells are a lineage of CD4+ T cells 
characterized by production of TGF-β and expression 
of the transcription factor Forkhead box P3 (FoxP3)[34]. 
Treg cells exhibit immunosuppressive and self-tolerant 
functions by direct cell contact and by secreting 
inhibitory cytokines such as IL-10, TGF-β and IL-35.

IL-10 can inhibit Th1 and Th2 cell responses through 
antigen-presenting cells[35]. IL-10 can also prevent the 
induction of Th17 cell responses, but cannot suppress an 
established Th17 cell-mediated chronic inflammation[36]. 
During HBV-related disease progression, IL-10 may 
serve as a negative feedback mechanism to regulate 
pro-inflammatory Th17 cell responses[37]. Moreover, 
activated HSCs produce IL-10, which constrains the 
cells’ ability to produce collagen, thereby blocking the 
progression of liver fibrosis[38].

IL-35 is a novel inhibitory cytokine produced 
by Treg cells, and has been receiving increasing 
attention[39,40]. However, Bardel et al[41] argued that 
Treg cells do not express sufficient levels of IL-35 in 
humans. Recent studies have shown that IL-35 can be 
detected in circulating CD4+ T cells from CHB patients 
and can inhibit the pathogenesis of HBVLF and LC[42,43].

Many studies have shown that Treg cells are 
significantly correlated with HBV infection and the 
degree of liver fibrosis[44-48]. Treg cell numbers increase 
with the number of HBV antigens. The virus also uses 
the cells for shelter, avoiding immune attack due to the 
cells’ immunosuppressive activities[44], while the same 
immunosuppressive function works on other cell types 
to alleviate liver injury[45]. Simultaneously, Treg cells 
inhibit HSC activation and proliferation, thus limiting 
liver fibrosis[46,47]. However, the specific actions of Treg 
cells in HBVLF remain to be elucidated; in particular, 
the increasing evidence that Treg cells can convert to 
effector T cells adds complexity to the situation[49,50].

Th9, Th22 and Tfh cells
In the presence of high levels of TGF-β and IL-4, naïve 

CD4+ T cells differentiate to Th9 cells, which produce 
IL-9[51]. As a newly-identified subset of CD4+ T cells, Th9 
cells have been studied only in allergic inflammation, 
autoimmune disease and tumor immunity[52]; the role 
of Th9 cells in liver injury is unknown. 

Th22 cells predominantly produce IL-22, and 
develop from naïve CD4+ T cells in the presence of 
IL-6 and TNF-α[53]. Th22 cells and intrahepatic IL-22 
have been reported to have hepatoprotective effects 
in drug-induced hepatocellular injury[54]. However, 
the role of Th22 cells and IL-22 in HBVLF is unknown. 
Defining this role may be challenging, since IL-22 is 
also produced by other cells, especially Th17 cells.

Tfh cells express high levels of chemokine receptor 
5, inducible co-stimulator, programmed cell death 
protein1 (PD-1), and CD40L[55]. Expression of these 
surface molecules, along with cytokines IL-4 and IL-21, 
allows Tfh cells to regulate T cells and B cells. Recently, 
HCC patients were found to have significantly fewer 
circulating Tfh cells with impaired IL-21 production 
and B cell regulatory properties, compared with HBV-
infected LC patients and healthy controls[56]. This 
suggests that Tfh cells may negatively involve in the 
progression of HBV-associated HCC, but the role of Tfh 
cells in liver fibrosis is unknown.

HOMEOSTASIS OF TREG AND TH17 
CELLS IN HBVLF
Given the specific roles of Th1, Th2, Th17 and Treg cells 
in HBV-related chronic hepatitis and fibrosis, and the 
way these subsets affect each other, current studies 
mainly focus on the subsets and their homeostasis. Treg 
and Th17 cells are the most intensively studied subsets 
for HBVLF.

Significance of the balance between Treg and Th17 cells 
during HBVLF
As discussed above, Treg and Th17 cells are important 
CD4+ T cell subsets that are developmentally correlated 
and functionally reciprocal during inflammation. 
Recent reports have proved their close interactions and 
transitions. Thus, there is a balance between Treg and 
Th17 cells.

In our previous work, we highlighted the signi-
ficance of the balance between Treg and Th17 cells in 
the progression of HBVLF[3]. We found that the ratio 
Treg/Th17 was negatively related to the severity of 
liver fibrosis[3]. Other researchers found this correlation 
in patients with HBV-related LC and mouse models of 
liver fibrosis[46,47]. A dominance of Th17 cells is closely 
correlated with liver fibrosis[3,46,47]. In addition, an 
imbalance in the ratio was reported in HBV-related 
ACLF, and liver injury was alleviated when the balance 
was restored[57-59]. Several groups found that improved 
liver function after transplantation of autologous bone 
marrow mesenchymal stem cells might be mediated 
by changes in the Treg/Th17 ratio[60]. Therefore, the 
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Treg cells also upregulate the production of Th17 cell-
associated pro-inflammatory cytokines, mainly IL-17 
and IL-22[67,68]. The TNF-TNFR2 pathway might play a 
part in this phenomenon[69]. Zhou et al[69] found that 
Treg cells deficient in TNFR2 support lower production 
of IL-17A (also called IL-17) and TNF by co-cultured 
Th17 cells. Furthermore, the authors found that 
exogenously-generated Th17 cells supported the 
expansion and phenotypic stability of Treg cells in vivo 
via the same TNF-TNFR2 pathway[69]. Although the 
effects of Th17 cells on Treg cells are unclear in liver 
injury, the bidirectional interactions between Treg and 
Th17 cells likely affect their homeostasis.

The plasticity of Treg and Th17 cells also affects 
their balance. The stability of Treg cells is openly 
discussed[70]. However, multiple groups have shown 
that Treg cells secrete IL-17 when activated under 
certain conditions, for example, by Toll-like receptor 
2 (TLR2), TLR4 or TLR9 and Th17-biasing cytokine 
conditions such as IL-6, IL-21, IL-23 or IL-1β[71-75]. 
These IL-17-producing Treg cells retain expression 
of FoxP3 but lose their suppressive functionality[71]. 
However, the lost suppressive function can recover 
in vitro[71,72]. Whether the ability to secrete IL-17 by 
Treg cells can be regarded as plasticity or an adaptive 
response remains to be elucidated, but the discovery 
of IL-17-producing FoxP3+ cells supports an additional 
mechanism maintaining the balance between Treg and 
Th17 cells.

Unlike Treg cells, the plasticity of Th17 cells is widely 
reported. During chronic inflammation, Th17 cells 
can convert to Th1 or Th2 cells[32,33]. Notably, in the 
presence of IL-12 and TNF-α, Th17 cells rapidly shift 
towards an IFN-γ-producing Th1 cell phenotype, and 
lose the capacity for IL-17-production[76,77]. Intriguingly, 
Ye et al[78] reported that human tumor-infiltrating Th17 
cells from melanoma, ovarian, breast and colon cancers 
can express FoxP3 in response to T-cell receptor 
stimulation and subsequent epigenetic modification and 
gene reprogramming. In these studies, the FoxP3+ cells 
derived from tumor-infiltrating Th17 cells had potent 
suppressive activity and did not convert back to Th17 
cells under Th17 cell differentiation conditions[78]. These 
results provide another example of Th17 cell plasticity, 
although whether this Th17-to-Treg cell event occurs in 
vivo remains to be determined.

IMPLICATIONS FOR HBVLF TREATMENT 
STRATEGIES
Current treatment strategies for chronic HBV infection 
primarily target the virus directly or attempt to restore 
an effective antiviral immune response. As for the 
process of HBVLF, the inappropriate immune response 
induced by CD4+ T cells is responsible for causing the 
disease. Treatment strategies aimed at mitigating or 
even eliminating the progression of inflammation and 
fibrosis can focus on the homeostasis of CD4+ T cells, 

balance between Treg and Th17 cells is not only of 
great significance in indicating the severity of liver 
injury, but also has potential therapeutic value.

Mechanisms of the balance between Treg and Th17 cells 
regulating liver fibrosis
Recently, a growing number of studies have investigated 
the underlying mechanisms where by the Treg/Th17 
balance regulates the process of liver fibrosis. When 
CD4+CD25- cells were co-cultured with HSCs, an anti-
IL-17 antibody down-regulated - and recombinant 
IL-17 upregulated - HSC proliferation and pro-fibrotic 
cytokine production[3]. Using a transwell co-culture 
system, we found that CD4+CD25+ Treg cells directly 
down-regulated the pro-fibrotic features of HSCs by 
cell contact rather than through the release of TGF-β 
or IL-10[3]. Other researchers found that a Th17 cell 
dominance over Treg cells could activate HSCs in CCl4-
treated mice with liver fibrosis[46]. Although these 
studies have demonstrated the crucial effects of the 
Treg/Th17 balance on liver fibrosis through an impact 
on HSCs, whether there are other mechanisms remains 
to be elucidated.

Regulation of the balance between Treg and Th17 cells
Because the balance between Treg and Th17 cells is 
important in the pathogenesis of HBVLF, many studies 
have investigated factors that regulate the Treg/Th17 
balance in order to achieve better clinical outcomes.

From the perspective of developmental pathways, 
TGF-β might be the first candidate for consideration. 
High concentrations of TGF-β induce FoxP3 expression 
in naïve CD4+ T cells, driving their differentiation into 
Treg cells[34]. In contrast, TGF-β plus IL-6 or IL-21 
induce the expression of RORγt and signal transducer 
and activator of transcription 3 (STAT3), promoting 
Th17 cell differentiation[21]. Although several groups 
have indicated that TGF-β is dispensable for the 
differentiation of Th17 cells[19,20], the modulatory effect 
of TGF-β cannot be ignored.

IL-21 suppresses FoxP3 expression and promotes 
Th17 cell differentiation by regulating TGF-β sig-
naling[21,61]. The vitamin A metabolite retinoic acid is a 
key regulator of TGF-β-mediated Treg cell differentia-
tion and inhibits Th17 cell differentiation by directly 
counteracting the activity of IL-6[62]. IL-2, together 
with TGF-β, can drive Treg cell differentiation, and 
IL-2 inhibits Th17 cell differentiation through a STAT5-
dependent pathway[63].

Interactions between Treg and Th17 cells directly 
affect their balance. During HBV infection, Treg cells 
inhibit Th17 cells, either through Treg cell cytotoxicity 
or through inhibitory cytokines such as IL-10, TGF-β or 
IL-35[42,64,65]. Depletion of Treg cells enhances Th17 cell 
responses, leading to more severe liver damage[3,64,65]. 
Treg cells expressing CD39 have been reported to 
effectively limit Th17 cell-responses[66].

However, there is accumulating evidence that 
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in particular the balance between Treg and Th17 cells. 
Any treatment that achieves an anti-fibrotic effect 
by targeting Treg and/or Th17 cells has potential 
therapeutic value for chronic HBV-induced liver injury. 
As described above, the treatment can work in different 
ways: cell development, cell function, or cell conversion. 
In this section, we mainly concentrate on Treg/Th17 cell 
function, discussing the cytokines (Table 1) and surface 
molecules (Table 2) that regulate the homeostasis of 
CD4+ T cells.

Interleukins associated with Treg and Th17 cells
IL-17A: IL-17A is the dominant member of Th17 
cell-associated cytokines. As discussed above, IL-
17A levels correlate positively with hepatitis and the 
severity of liver fibrosis. Targeting IL-17A has yielded 
substantial results in animal models. In our previous 
work with concanavalin A-treated mice, blockade 

of IL-17A using an anti-IL-17 monoclonal antibody 
markedly down-regulated the expression of α-smooth 
muscle actin and decreased the level of serum alanine 
aminotransferase (ALT), thus alleviating liver injury 
and fibrosis[3]. In addition, Tan et al[17] found that IL-
17A receptor-deficient mice exhibited decreased pro-
inflammatory cytokine levels, reduced neutrophil 
recruitment, and less hepatocellular necrosis in the 
CCl4 model than did wild-type mice. Similarly, Meng et 
al[16] reported that liver fibrosis induced by either bile 
duct ligation or CCl4 was reduced in IL-17AR-deficient 
mice. Zheng et al[79] found that most patients with 
HBV-related decompensated cirrhosis who underwent 
bone marrow-derived stem cell transplantation 
displayed significantly improved liver function, due in 
part to decreased levels of IL-17.

IL-21 and IL-23: IL-21 is important in initiating 

Table 1  Role of Treg and Th17 cell-related interleukins in chronic hepatitis

Treg and 
Th17-related 
interleukins

Cellular sources Roles in CD4+ T cell differentiation and 
function

Roles in liver inflammation and 
fibrosis

Ref.

IL-17 Th17, neutrophils, NKT cells, 
macrophages, γδT cells

Characteristic cytokine of Th17 cells: pro-
inflammatory

Pro-inflammatory [6-8,10,31]
Pro-fibrotic

IL-21 Th17, Tfh, NKT cells Promotes differentiation of Th17 cells; Promotes HBV-related liver injury 
and fibrogenesis

[18,21,28-30]
Inhibits differentiation of Treg cells

IL-23 DCs, macrophages Promotes Th17 cell proliferation and 
stabilizes effector Th17 cells

Promotes HBV-related liver injury [22,80]

IL-22 Th17, Th22, activated NK and NKT 
cells

Characteristic cytokine of Th22 cells: pro-
inflammatory

Hepatoprotective? Pro-inflammatory? 
Pro-fibrotic? Anti-fibrotic?

[23,24,26,27]

IL-10 Treg, hepatocytes, Kupffer cells, 
LSECs, HSCs, Breg

Inhibits Th1, Th2, Th17 cell differentiation 
and cytokine production

Anti-inflammatory [35,38,81]
Anti-fibrotic

IL-35 Treg, Breg Immunosuppressive Anti-inflammatory [30,31,33,34]
Anti-fibrotic?

IL-33 LSECs, activated HSCs Promotes Th2 differentiation and 
cytokine production;
Increases Treg cells?
Activates Tfh cells?

Pro-fibrotic [86-88,90,91]
Anti-inflammatory?

Treg: Regulatory T cells; Tfh: T follicular helper cells; HBV: Hepatitis B virus; NK: Natural killer cells; NKT: Natural killer T cells; DCs: Dendritic cells; Breg: 
Regulatory B cells; LSECs: Liver sinusoidal endothelial cells; HSCs: Hepatic stellate cells.

Table 2  Role of surface molecules in chronic hepatitis

Surface 
molecules

Expression on T cells and 
CD4+ T cell subsets

General effects Role in liver inflammation and 
fibrosis

CD4+ T cell response to 
blocking

Ref.

PD-1 CD8+ T cells Inhibits T cell activation; Causes exhaustion of HBV-specific 
CD8+ and CD4+ T cells

Partially-revived 
proliferation and function

[96-98,104]
CD4+ T cells Maintains tolerance

TIM-3 CD8+ T cells Inhibits T cell activation; 
Maintains tolerance

Promotes progression of HBV 
infection

Revived more (blocked 
with PD-1)

[99,100,102-104]
CD4+ T cells

Treg cells
CTLA-4 Activated 

CD4+ T cells
Inhibits CD4+ T cell over-

activation;
Promotes persistence of HBV and 

progression of HBV infection
Unknown [105,107,109,110]

Treg cells Maintains tolerance
CB2 CD4+ T cells Immunoregulatory: pro-

inflammatory or anti-
inflammatory; 
Anti-fibrotic

Anti-inflammatory;
Anti-fibrotic;

Hepatoprotective?

Decreased frequency and 
function of Th17 cells

[112-114]
CD8+ T cells

Th17 cells

PD-1: Programmed cell-death protein 1; CTLA-4: Cytotoxic T lymphocyte-associated antigen 4; TIM-3: T-cell immunoglobulin domain and mucin domain-
containing molecule 3; CB2: Cannabinoid receptor 2; HBV: Hepatitis B virus.
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and amplifying the differentiation of Th17 cells[18,21]. 
Korn et al[21] observed that Th17 cell-frequencies 
were reduced by 50% when IL-21 receptor-deficient 
T cells were cultured with IL-6 and TGF-β. The 
authors also indicated that IL-21 was one of the most 
efficient alternative cytokines to IL-6 in inhibiting 
TGF-β-driven FoxP3+ Treg cell differentiation in IL-6-
deficient mice[21]. Another indispensable factor for 
Th17 cell differentiation, IL-23 promotes Th17 cell 
proliferation and stabilizes Th17 cell function. IL-23- 
or IL-23 receptor-deficient cells failed to stimulate 
enough functional IL-17-producing cells[22]. Wang et 
al[80] observed high levels of IL-23 and IL-23 receptor 
in HBV-infected CHB and ACLF patients, and an IL-23 
neutralizing antibody significantly decreased the 
production of IL-17 in vitro. Accordingly, the authors 
emphasized the importance of IL-23 and Th17 cells in 
HBV-related liver damage[80].

IL-22: The context-dependent pro- and anti-inflam-
matory nature of IL-22 has been described under 
different conditions of liver diseases[23-26]. Although 
several studies showed that administration of IL-22 
ameliorates liver fibrosis in mouse models, Zhao et 
al[26] pointed out that these models had differences 
with HBV-induced immune-mediated liver fibrosis. 
Using HBV-transgenic mice, the authors observed that 
blockade of IL-22 reduced Th17 cell recruitment and 
ameliorated liver inflammation and fibrosis in vivo[26]. 
In another HBV-transgenic mouse model, Zhang et 
al[23] found that the severity of liver injury was reduced 
by neutralization of IL-22 when splenocytes were 
transferred from HBV-immunized mice. The authors 
indicated that this effect was not dependent on HBV 
inhibition, but instead due to decreased recruitment 
of all leukocyte subsets into the liver and reduced 
intrahepatic chemokine expression[23]. The contrasting 
effects exhibited by IL-22 in different etiology-induced 
immunity need to be clarified in future studies and 
maybe of significance for the development of new 
therapeutic approaches.

IL-10: IL-10 is an important multi-sourced, anti-
inflammatory cytokine[35]. In the liver, IL-10 can 
be produced by hepatocytes, Kupffer cells, HSCs, 
regulatory B (Breg) cells, and Treg cells[81]. As 
mentioned above, IL-10 can inhibit Th1, Th2 and Th17 
responses as well as restrain activation of HSCs[38]. In 
CCl4-treated mice, deletion of the IL-10 gene resulted 
in significantly more severe fibrosis[82]. In addition, in 
thioacetamide-treated IL-10 knockout mice, exogenous 
administration of IL-10 gene reversed an established 
hepatic fibrosis[83]. Taken together, IL-10 might have 
potential for future treatment of HBV infection and liver 
fibrosis. However, since IL-10 exhibits broad biological 
effects, future studies should also focus on decreasing 
the side effects.

IL-35: IL-35 is a novel immunosuppressive cytokine 

produced by Treg and Breg cells, and is being studied 
for its therapeutic utilities[39,40,84]. Recent studies 
showed that IL-35 was negatively involved in the 
pathogenesis of HBVLF and cirrhosis[42]. However, 
studies of the association between IL-35 and chronic 
HBV infection are still limited. Nowadays, IL-35 is 
mainly investigated in autoimmune diseases. One 
study on primary biliary cirrhosis showed that in 
dominant-negative TGF-β receptor type Ⅱ mice, 
deletion of the gene encoding the IL-12p35 subunit, 
which deletes IL-12 and IL-35, induced a Th17 cell 
response, inhibited a Th1 cell response, and caused 
liver fibrosis[85]. This results suggests that IL-35 might 
be closely associated with liver fibrosis.

IL-33: IL-33 belongs to the IL-1 family, and is 
associated with liver injury and fibrosis in chronic 
hepatitis[86,87]. In the liver, IL-33 is made by sinusoidal 
endothelial cells and activated HSCs[87]. Through soluble 
receptor ST2, IL-33 promotes Th2 cell responses 
and increases production of Th2 cytokines (IL-4, IL-5 
and IL-13) in vitro and in vivo[86-88]. However, some 
researchers have provided evidence that the IL-33/ST2 
axis can ameliorate liver inflammation[89,90]. In mice 
with concanavalin A-induced liver injury, administration 
of IL-33 attenuated hepatitis, whereas deletion of 
ST2 caused significantly more severe hepatitis[89,90]. 
Zhao et al[91] found that IL-33 might activate Tfh cells, 
which facilitate humoral immunity against HBV. The 
specific roles of IL-33 need to be further investigated, 
in particular the influence of IL-33 on different CD4+ T 
subsets.

Surface molecules on CD4+ T cells
CD4+ T cells express surface co-inhibitory molecules, 
including PD-1, cytotoxic T lymphocyte-associated 
antigen4 (CTLA-4), T-cell immunoglobulin domain 
and mucin domain-containing molecule 3 (TIM-3), 
lymphocyte activation gene 3, and CD244. Upregulation 
of these molecules can result in HBV-specific T cell 
exhaustion, which is a crucial mechanism in the 
deviation of homeostasis of adaptive immunity and 
the consequent persistence and progression of HBV 
infection[92,93]. These co-inhibitory molecules interact 
with their ligands expressed on antigen-presenting cells, 
then deliver signals which decrease cell proliferation and 
cytokine production[93]. Studies on these co-inhibitory 
molecules in HBV infection have focused mainly on 
exhausted CD8+ T cells, but recently more attention 
has been paid to CD4+ T cells in consideration of their 
pivotal roles in cell immunity[94]. Furthermore, the 
expression of these co-inhibitory molecules on CD4+ T 
cells was shown to be important in other chronic viral 
diseases such as hepatitis C[95].

PD-1: PD-1 is a member of the CD28 superfamily, and 
exerts a wide range of immunoregulatory roles in T-cell 
activation and tolerance through binding to its ligands 
PD-L1 and PD-L2[96]. Several studies found that high 
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levels of PD-1 on CD4+ T cells are strongly linked to 
exhaustion of HBV-specific CD4+ T cells[93,97,98]. Using a 
DRB1*01-restricted major histocompatibility complex 
(MHC) class Ⅱ tetramer, Raziorrouh et al[98] found that 
CD4+ T cells had elevated PD-1 expression; moreover, 
PD-L1/PD-L2 neutralization reactivated cell proliferation 
and partially increased production of IFN-γ, IL-2 and 
TNF-α[98]. Notably, the four patients who responded to 
the PD-L1/PD-L2 blockade achieved long-term HBV 
suppression, while the other nine patients who failed 
to revive T-cell proliferation continued to have high 
viral loads[98]. Blockade of PD-L1/PD-L2 increased the 
frequencies of HCV-specific CD4+ T cells and induced 
cell expansion and production of IFN-γ and TNF-α 
in vitro, whereas influenza- and Epstein-Barr virus-
specific CD4+ T cells did not respond significantly to 
the blockade[95]. The responses of CD4+ T cells to the 
blockade of PD-L1/PD-L2 may differ from different 
chronic virus infection. There is limited data on the 
relationship between PD-1 expression and progression 
of chronic HBV infection. Xu et al[97] reported that 
although PD-1 expression was upregulated in LC and 
HCC, the magnitude was small and there was no 
correlation between PD-1 levels and the severity of 
liver injury. The role of PD-1 in chronic HBV infection 
and related liver fibrosis needs further investigation.

TIM-3: TIM-3, which is expressed on CD4+ and CD8+ T 
cells, negatively regulates T-cell responses and induces 
tolerance through binding to its ligand galectin-9[99,100]. 
The Tim-3/galectin-9 axis is also essential for the 
homeostasis of Treg cells[100,101]. Recent studies have 
indicated that expression of Tim-3 on CD4+ T cells is 
upregulated in patients with CHB compared to healthy 
controls, and TIM-3 levels are positively associated with 
the extent of HBV infection[93,102]. In addition, the levels 
of Tim-3 are decreased after antiviral treatment[102]. 
However, Raziorrouh et al[98] observed a persistent low 
level of TIM-3 in CHB patients, and TIM-3 blockade had 
little influence on CD4+ T-cell function. The difference 
between these studies might be due to the relative 
paucity of CD4+ T cells and the DRB1*01-restricted 
MHC class Ⅱ tetramer, as DRB1*01+CD4+ T cells are 
specific only to HBV core epitope 61-80. In a recent 
study of mice with chronic lymphocytic choriomeningitis 
virus infection, treatment with vinegar-processed floss 
of Daphne genkwa, a traditional folk medicine extract, 
restored function of exhausted virus-specific CD4+ and 
CD8+ T cells[103]. This restoration might have occurred 
via down-regulation of PD-1 and Tim-3. Moreover, it 
has been reported that targeting both PD-1 and Tim-3 
is an effective strategy to restore exhausted CD8+ T 
cells during chronic viral infection[104]. Future studies 
should focus on the blockade of both TIM-3 and PD-1 
on HBV-specific CD4+ T cells.

CTLA-4: CTLA-4 is expressed on activated and re-
gulatory CD4+ T cells to prevent over-activation and 
maintain tolerance[105]. It is widely reported that CTLA-4 

has a close correlation with HBV infection in promoting 
Th2 cell responses[106-108]. Several groups found that 
CTLA-4 gene polymorphisms might be associated with 
HBV progression and viral persistence[107,109]. However, 
expression of CTLA-4 on virus-specific CD4+ T cells in 
chronic HBV infection is still controversial. Recent years 
have witnessed prominent effects of CTLA-4 blocking. 
Blockade of CTLA-4 by the monoclonal antibody 
tremelimumab has been tested in patients with HCC 
and HCV-induced LC, and shown substantial antitumor 
and antiviral effects[110]. In Propionibacterium acnes 
and lipopolysaccharide-induced mouse models of 
fulminant hepatitis, all mice injected with adenovirus 
encoding a CTLA-4 immunoglobulin construct survived, 
whereas most of the control mice died, suggesting that 
the construct could be useful for treatment of severe 
liver injury[111]. Together, these studies have shown 
the importance of CTLA-4 in chronic viral infection 
and associated disease progression. Future studies 
should investigate the correlation of CTLA-4 with the 
homeostasis of HBV-specific CD4+ T cells.

Cannabinoid receptor 2: In addition to co-inhibitory 
molecules on the surface of CD4+ T cells, surface 
receptors such as cannabinoid receptor 2 (CB2) have 
received attention because of their anti-inflammatory 
and anti-fibrotic properties in mouse liver[112]. CB2 is 
abundantly expressed on almost all immune cells[113]. In 
CB2-deficient mice with bile duct ligation, intrahepatic 
Th17 cells and IL-17 levels were increased compared 
with wild-type mice, whereas the CB2 agonist JWH-133 
reduced the differentiation and function of Th17 cells 
in vitro[112]. In CB2-deficient mice treated with CCl4, 
increased ALT levels and hepatocyte apoptosis, and 
delayed liver regeneration were shown, while JWH-133 
displayed hepatoprotective property in CCl4 treated 
wild types[114]. Thus, activating CB2 on Th17 cells may 
be effective for treatment of liver fibrosis. It will be 
interesting to investigate the relation of CB2 with HBV 
infection and subsequent diseases.

CONCLUSION
HBVLF is an intricate disease process that cannot 
be regulated by a single cytokine or immune cell. 
The disequilibrium of CD4+ T cells contributes to the 
disease, and restoring homeostasis may help greatly 
to reestablish effective immunity against HBV-related 
pathological processes. However, there are still many 
problems to be resolved. First, the specific regulatory 
mechanisms of CD4+ T-cell homeostasis, especially the 
balance between Treg and Th17 cells, are still not fully 
elucidated in the process of HBV-induced liver injury. 
Second, the practical situations are not always as good 
as in theory, and naturally developing HBV-specific 
immunity in CHB patients may not be the same as 
that in mouse models. Moreover, how to apply current 
findings from mice to humans with good therapeutic 
effects and few side effects is always worthy of further 
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research.
There is still a long way to go in the restoration of 

homeostasis of CD4+ T cells in HBVLF, but future studies 
will be meaningful in elucidating the pathogenesis and 
resistance of chronic HBV infection. It is noteworthy 
that the homeostasis of CD4+ T cells is only part of the 
immunoregulatory network. We should be concerned 
with the local regulation of CD4+ T cells, as well as their 
interactions with other cells, especially their links with 
innate immunity. For instance, we previously found that 
the fibrotic factor high-mobility group box1 (HMGB1), a 
damage-associated molecular pattern molecule, could 
transmit signals from necrotic cells to innate immune 
cells and then to CD4+ T cells in CHB patients through 
the axis of HMGB1-TLR4-IL-6-Treg/Th17 balance[115]. 
As a result, HMGB1 promotes Th17 cell responses 
and inhibits Treg cell responses, thus exerting pro-
inflammatory and pro-fibrotic effects[115]. Therefore, 
future studies on the homeostasis of CD4+ T cells 
should include their links with innate immunity.
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Abstract
Many factors are considered to contribute to hepatitis 
B virus (HBV)-associated hepatocellular carcinoma 
(HCC), including products of HBV, HBV integration 
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and mutation, and host susceptibility. HBV X protein 
(HBx) can interfere with several signaling pathways 
associated with cell proliferation and invasion, and 
HBx C-terminal truncation has been suggested to 
impact the development of HCC. This review focuses 
on the pathological functions of HBx in HBV-induced 
hepatocarcinogenesis. As a transactivator, HBx can 
affect regulatory non-coding RNAs (ncRNAs), including 
microRNAs and long ncRNAs. HBx is also involved in 
epigenetic modification and DNA repair. HBx interacts 
with various signal-transduction pathways, such as the 
p53, Wnt, and nuclear factor-κB pathways. We conclude 
that HBx hastens the development of hepatoma.

Key words: Hepatocellular carcinoma; Hepatitis B virus; 
Hepatitis B virus X protein; Hepatocarcinogenesis
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Core tip: The mechanisms underlying hepatitis B 
virus (HBV)-induced malignant transformation remain 
ambiguous, but research has suggested that HBV X 
(HBx) protein has a crucial function in the pathogenesis 
of hepatocellular carcinoma. This review focuses on 
the pathological functions of HBx in HBV-induced 
hepatocarcinogenesis. 
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most 
common cancer worldwide and the third most 



common cause of cancer mortality[1]. Chronic hepatitis 
B virus (HBV) infection has been demonstrated to 
be a risk factor for liver carcinogenesis, accounting 
for 55% of cases worldwide. Notably, 80% or more 
of such cases are found in the eastern Pacific region 
and sub-Saharan Africa, areas with the highest tumor 
incidence[2,3]. The mechanisms underlying HBV-
induced malignant transformation remain ambiguous, 
but previous research has suggested that HBV X (HBx) 
protein has a crucial role in the pathogenesis of HCC[4]. 
Here, we review the molecular mechanisms of HBx in 
the pathogenesis of HCC.

HBx geNe aND HBx pROTeIN
HBV is considered to be the smallest DNA virus 
and contains a 3.2 kb circular double-stranded viral 
DNA genome, including a long minus-strand that is 
complementary to viral mRNA sequences and a short 
plus-strand. The open reading frame (ORF) of HBx is 
465 bp long, from nucleotides 1376 to 1837, and is 
translated into a 154 amino acid (aa) protein. The HBx 
gene is located upstream of gene C and close to the 
sticky end of the viral genome, where it also overlaps 
with other genes, including viral polymerase, Pre C, 
ORF5, and ORF6. Although HBx cannot directly bind to 
the DNA helix, it can activate other protein factors to 
further bind to their or other promoters and enhancers. 
Thus, HBx can trans-regulate gene transcription[5]. 

The plus-strand HBx viral genome contains several 
transcriptional regulation element sequences, including 
gene expression basic core promoter, core upstream 
regulatory sequence, negative regulatory element, 
enhancer Ⅱ, direct repeat 1 (DR1), and DR2. Also, the 
5’ end of the HBx gene overlaps with the ORF of DNA 
polymerase P[6,7]. Thus, the X gene of HBV contains 
the longest overlapping region between structural 
and functional sequences in the viral genome. More 
importantly, because of the overlap between the 
coding region and regulation elements in the X gene 
of HBV, any DNA mutation and/or deletion can affect 
functionally both gene and transcriptional regulation.

HBx aND DNa RepaIR
Current studies indicate that DNA repair is one of the 
driving mechanisms of carcinogenesis. Accumulation of 
DNA damage causes genomic instability and eventually 
leads to mutations. Recent studies showed that the 
expression level of HBx positively correlated with that 
of 8-hydroxy-2 deoxyguanosine (8-OHdG), a key 
oxidative stress indicator that causes DNA mis-pairing. 
Meanwhile, a high level of HBx inhibited human DNA 
glycosylase a activity, which caused suppression of 
DNA repair machinery, long-term DNA damage, and 
tumorigenesis[8]. 

Jung et al[9] reported that HBx with C terminal 
truncation does not induce reactive oxygen species 
(ROS) production and has no effect on level of 8-OHdG. 

This indicated an important role for the HBx C terminal 
region in oxidative stress-induced ROS production, 
consequential mitochondrial DNA damage, and HCC 
pathogenesis. Another study also reported that HBx 
can regulate p53 expression and further depress the 
DNA repair capability[10].

HBx aND MeTHYLaTION
Epigenetic studies allow us to understand how 
DNA methyltransferases (DNMTs) involved in DNA 
methylation can control gene expression through 
chromatin structural modification, changes in regional 
DNA accessibility, changes in DNA stability, and shifts 
in DNA-protein interactions. HBx can affect the cell 
cycle, proliferation, invasion, apoptosis, etc. of HCC 
cells by regulating DNMTs involved in DNA methylation 
of specific genes. A recent publication demonstrated 
that HBx can upregulate DNMT1 and DNMT3A 
through transactivation[11]. Wei et al[12] demonstrated 
that downregulation of miR-101 by HBx can lead to 
abnormal DNA methylation by miR-101-targeting of 
DNMT3A and promotion of HCC malignancy. A similar 
study showed that HBx upregulated DNMT1 and 
DNMT3A at both the transcriptional and translational 
levels, leading to induction of p16 (INK4A) promoter 
methylation and subsequent  inhibition of p16 
expression[13].

HBx aND NON-CODINg RNas
Non-coding RNAs (ncRNAs) compose a large group 
of RNAs transcribed from non-coding regions of the 
human genome. ncRNAs account for about 90% of 
the genome and can be categorized in two types: 
18-200 nucleotide small ncRNAs, including microRNAs 
(miRNAs), small interfering (siRNAs), Piwi-interacting 
RNAs, small nuclear RNAs, small nucleolar RNAs, etc.; 
200 nucleotide to 100 kb long ncRNAs (lncRNAs), 
including mRNA-like ncRNAs, long no-poly A tail 
ncRNAs, etc.[14,15]. Most of these RNAs have been rarely 
studied, and although their functions remain entirely 
unclear, they have a variety of important biological 
functions.

MiRNAs play a critical role in the control of 
gene expression and signal transduction in HCC 
carcinogenesis. Several in vitro studies demonstrated 
that HBx can promote early stage HCC progression 
by inducing high levels of miR-21 expression, which 
inhibiteds programmed cell death 4 in cancer cells[16,17]. 
Upregulated miR-21 and miR-222 also can directly 
target tumor suppressor p27 and Kipl, a key regulator 
of the cell cycle, to contribute to cancer progression[18]. 
In a previous study, Bandopadhyay et al[19] found that 
miR-21 and miR-222 were downregulated when HepG2 
cells were transfected with HBx and HBV plasmid DNA 
or HepG2.2.15 cells were infected with HBV. This result 
was confirmed in clinical plasma samples from HCC 
patients. Interestingly, similar downregulated effects 
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also were observed in transfected HepG2 cells and 
patients’ plasma for miR-145, whereas miR-145 was 
upregulated in an infected HepG2.2.15 cell line. These 
results suggested that HBx can control multiple miRNAs 
in different manners to promote HCC progression[19]. 
Additionally, an animal model showed that HBx inhibited 
the tumor suppressor p53 to control the expression 
of miR-148a and to increase the expression of hema-
topoietic pre-B cell leukemia transcription factor-
interacting protein. This resulted in activation of Akt, 
extracellular-related kinase, and mammalian target of 
rapamycin signaling pathways to enhance tumor cell 
growth, invasion, and metastasis[20]. A recent study 
also showed that HBx can downregulate miR-192, 
suggesting that HBx may be anti-apoptotic in HCC[21].

lncRNAs play crucial roles in human cancers. 
It has been reported that the lncRNA highly up-
regulated in liver cancer (HULC) was dramatically 
upregulated in HCC[22]. Du et al[23] reported that 
HBx can increase expression of HULC via the cAMP-
response element binding protein activated promoter 
of lncRNA HULC. Furthermore, downregulation of P18, 
a gene downstream of HULC, can promote liver cell 
proliferation. Another lncRNA (termed lncRNA-Dreh) 
can be downregulated by HBx, which enhanced HCC 
cell invasion and migration in vitro[24]. It is known that 
deregulation of lncRNA is one of the key factors in HCC 
tumor initiation and progression.

HBx MUTaNTS aND TUMOR IMITaTION
HBV infection-induced HCC usually occurs within 
10-30 years after the initial HBV infection. During this 
period, mutations of the HBV genome accumulate. 
Two dominant types of HBx mutations can be detected 
in chronic hepatitis: type Ⅰ are single nucleotide 
mutations at multiple sites, and type Ⅱ are C-terminal 
truncations that cause relatively higher levels of protein 
accumulation in the tumor region. Liver cells with 
these two types of mutations may have proliferative 
advantage in colony formation. 

Previous studies have shown that HBV genome 
integration is random, and there are no specific 
integration sites or rules. HBx and HBV core gene 
(HBc) mutations and deletions commonly occur in 
viral genome integration[25-28]. A polymerase chain 
reaction DNA amplification study of 45 tumor samples 
and sequencing results of 19 samples showed a high 
frequency of HBx mutation in HCC. Those mutations 
were mostly located close to the carboxyl terminus. 
It is believed that a strong correlation exists between 
HBx mutation and liver cell cancer transformation[29]. 
Similarly, we determined that the hot spot of HBx 
mutation is highly regional. Blood tests of HBx 
mutations from patients in Europe and Africa showed a 
higher incidence of mutation at 130 and 131 aa of HBx 
for mild hepatitis patients and accumulation of HBx 
C-terminal truncation in HCC peri-tumor tissues[30-34]. 
In contrast, a study of 153 HCC patients from Vietnam 

showed more 130 and 131 aa mutations in tumor 
tissue, with only four out of 48 samples having HBx 
C-terminal truncation accumulation[35]. A report from 
Hong Kong claimed that more than 54 mutations were 
detected in 95.2% of tissue samples and 95.3% of 
blood samples from 113 patients, where there was at 
least one mutation in most of the samples[36]. There 
were 12 mutation sites in tissue samples and nine 
mutation sites in blood samples, which suggested a 
mutation-driven pathogenesis for HCC. Another study 
demonstrated that mutations were complicated and 
changeable in both HCC and peri-carcinoma liver tissue 
(PCLT). C-terminal truncation is more frequently found 
in HCC than in benign liver tissues. However, there is 
no single site mutation of a nucleic acid or amino acid 
that results in a distribution discrepancy between HCC 
and PCLT[37]. The reports described above indicated a 
regional distribution of HBx mutants, which reflects the 
high degree of complexity of HBV caused HCC.

The results of a comparative study between HBx 
C-terminal truncation and full-length HBx transfection 
indicated that each mutation plays a different role in 
cancer cell biology[38,39]. Specifically, overexpression 
of HBx 20 aa and 40 aa C-terminal deletion mutants 
can enhance cell growth, colony formation, tumor 
volume, and G1 to S phase cell cycle transition. In 
contrast, an HBx 30 aa C-terminal deletion mutant can 
inhibit cell proliferation. These results suggested that 
125-134 aa of HBx is important for cell proliferation. 
More recent studies showed that HBx spontaneous 
deletion mutations were typically located in the same 
region. Liu et al[40] and Wang et al[41] reported that the 
HBx 127 mutant contributed to tumor cell proliferation 
metastasis more than wild-type HBx by promoting 
cell growth through a positive feedback loop involving 
5-lipoxygenase, fatty acid synthase, and miR-215. This 
finding is consistent with a report from Fu et al[42] that 
concluded that the HBx-d382 deletion mutant (128-145 
aa) enhanced cell proliferation. The dual mutations 
K130M/V131I strengthened the capability of HBx, as 
they upregulated the expression and transcriptional 
activity of hypoxia-inducible factor 1-alpha (HIF-1a). 
The C-terminal truncation and deletion mutations, 
however, weakened the ability of HBx to upregulate 
HIF-1a. Furthermore, the C-terminus was found to be 
essential for HBx stability and transactivation. A positive 
correlation was found between the HBx mutants and 
HIF-1a expression in clinical HCC samples[43]. In brief, 
it is believed that C-terminal truncation and deletion 
promoted tumor malignancy. However, the detailed 
mechanism needs to be investigated further.

HBx aND THe p53 SIgNaLINg 
paTHWaY
Mutations in the tumor suppressor gene p53 are the 
most common in all types of cancers. p53 disorder 
plays an important role in the tumorigenesis of HCC. 
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activated NF-κB binding to the calpain small subunit 1 
(Capn4) promoter and, thus, upregulated expression 
of Capn4 in HCC cell. This HBx-induced Capn4 
upregulation can be significantly blocked by specific 
siRNA knockdown of NF-κB or pyrrolidinedithiocarbamic 
acid (PDTC). Studies from other groups also showed 
that HBx increased the expression of NF-κB target 
genes, including vascular endothelial growth factor 
(VEGF), matrix metalloproteinase 2 (MMP2), MMP9, 
and MMP14. In addition, PDTC inhibited HBx stimulation 
of NF-κB signaling, which led to a decrease in the 
expression of VEGF, MMP9, and MMP14 but not 
MMP2. PDTC also showed an anti-angiogenic effect 
in HepG2 tumor xenograft nude mice. These results 
demonstrated that HBx promoted tumor cell invasion, 
angiogenesis, and metastasis by activating NF-κB 
signaling and upregulating downstream target genes 
VEGF and MMPs[53]. HBx also can associate with 
peroxidase to enhance the level of ROS. This led to 
greater activation of NF-κB and the formation of a 
positive feedback loop in cancer cells. Peroxidase-
associated HBx upregulated MMPs and downregulated 
E-cadherin to enhance tumor cell invasion[54]. 

HBx aND THe Wnt SIgNaLINg 
paTHWaY
Highly preserved Wnt signaling has important 
functions in embryo development, and abnormal Wnt 
signaling can stimulate tumorigenesis. Wnt signaling 
molecules can be divided in two categories: (1) 
canonical Wnt/β-catenin signaling molecules, including 
Wnt-1, Wnt-3a, Wnt-8a Wnt-8b, etc.[55]; and (2) non-
canonical Wnt signaling molecules, including Wnt-4, 
Wnt5a, Wnt-11[56], as well as Wnt/Ca2+, Wnt/planar 
cell polarity, and others[57,58]. 

Many studies have shown that HBx competitively 
binds to adenomatous polyposis coli to disassociate 
β-catenin from its degradation complex, resulting 
in nuclear β-catenin accumulation and activation of 
Wnt signaling to induce tumor transformation[59]. 
In addition, overexpression of HBx with Wnt-1 can 
activate Wnt/β-catenin signaling in Huh7 cells by 
stabilizing cytoplasmic β-catenin. Furthermore, 
stabilization of β-catenin by HBx can be achieved by 
inhibiting glycogen synthase kinase 3 activity via the 
activation of Src kinase[60].

Liu et al[61], Geng et al[62] and Lin et al[63] found that 
the Wnt5a gene is regulated by HBx mutants through 
gene expression library screening. Further research 
showed that Wnt-5a may suppress tumor progression 
in HBV-induced HCC[61-63]. An immunohistochemical 
study of 114 HCC samples demonstrated that Wnt-5a 
as well as its receptor, receptor tyrosine kinase-
like orphan receptor 2 (ROR2), were downregulated 
in 80.7% (92/114) of samples. The expression of 
Wnt-5a was negatively correlated with β-catenin 
expression and positively correlated with E-cadherin 

Many studies have indicated a complex transactivation 
between HBx and p53, where HBx directly inhibits p53 
activity by binding to its C-terminus[44]. In addition, 
overexpression of the p53 target gene murine double 
minute 2 can induce degradation of HBx in HCC[45]. 
Kew et al[46] investigated the effect of wild-type and 
mutant HBx on p53 and found that HBx mutants, but 
not wild-type HBx, can inhibit p53 expression and its 
downstream signaling. 

Recent studies suggested that overexpression of a 
HBx C-terminal mutant in HHT4 cells, a normal liver 
cell line, significantly increased the colony forming 
efficiency (CFE), whereas its corresponding wild-type 
allele CNT significantly decreased the CFE in HHT4 
cells. Meanwhile, the p53-249Ser mutant interacted 
with HBx mutants to regulate cell proliferation and 
mitochondrial stability[47]. A report from another group 
showed that the HBx gene overlapped with the HBV 
core promoter region. Thus, core promoter mutations 
can also lead to HBx mutants that further upregulate 
S-phase kinase-associated protein 2 (SKP2). SKP2 
can downregulate p53 though ubiquitination and 
consequentially promote tumorigenesis[48].  

HBx aND THe NUCLeaR FaCTOR-κB 
SIgNaLINg paTHWaY 
Nuclear factor (NF)-κB is one of the driving transcrip-
tional factors in cancer biology and participates in 
cross talk with multiple pathways to control tumor 
initiation, development, invasion, and metastasis. 
Previous studies showed that HBx interacts with NF-κB 
to increase the expression of metastasis-associated 
protein 1 (MTA1). MTA1 is a major chromatin modu-
lator that plays important roles in inflammation and 
tumor initiation. NF-κB cross talk with Notch signaling 
has also been demonstrated, and Notch 1 signaling 
can be blocked by HBx transfection in the normal 
liver cell line L02[49]. Lim et al[50] demonstrated that 
endogenous P22-FLIP, a cleavage product of c-FLIPL, 
can interact with HBx to activate NF-κB signaling. 
Further investigation showed that P22-FLIP, HBx, and 
NEMO, a regulatory subunit of IκB kinase (IKK), also 
known as IKKγ, can form a trimer complex to activate 
NF-κB signaling and promote tumor formation.

Lee et al[51] showed that NF-κB is highly associated 
with HBx131, HBx130, HBx5, HBx94, and HBx38 
mutants as well as the HBx130-HBx131 double muta-
tion and the HBx5-HBx130-HBx131 triple mutation. 
These double and triple mutations increased HCC 
incidence to 3.75 and 5.34 times the normal risk level, 
respectively. HBx5 mutants and double mutants showed 
much higher NF-κB activity than wild-type and triple-
mutation HBx. Notably, triple-mutation HBx cannot 
enhance NF-κB activity.  

Many studies have demonstrated that HBx can 
promote HCC cell invasion and metastasis through 
NF-κB signaling. Zhang et al[52] reported that HBx 
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expression. Thus, the expression of Wnt-5a and ROR2 
is associated with patient prognosis. Huh7 HCC cells 
transfected with Wnt-5a have a decreased proliferation 
rate, and Wnt-5a siRNA knockdown can increase 
cell proliferation[64]. These findings suggested that 
HBx mutants can control tumor growth via signaling 
through the Wnt pathway.

CONCLUSION
HBx is the only expressed HBV viral protein in 
malignant HCC and has been shown to be a key 
molecule in HCC carcinogenesis. However, the 
molecular mechanism of HBx-induced HCC progression 
remains unclear. HBx is maintained as an important 
player in HCC tumorigenesis. HBx functions in HCC 
through its nuclear translocation, protein-protein 
interactions, regulation of transcription factors, 
induction of chromosome instability, and nuclear 
localized HBx-involved signal transduction, thereby 
controlling cancer cell proliferation, transformation, 
invasion, and metastasis. After studying HBx mutants 
and their associated molecular pathways, it is clear 
that these mutants have different biological functions 
and activities compared to wild-type HBx and that 
they may play important regulatory roles in the 
pathogenesis of HCC.
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involved in nearly every step of hepatitis C virus (HCV) 
infection. In patients, the outcome is determined by a 
series of complex host-virus interactions, whether it is 
a natural infection or results from clinical intervention. 
Strong and persistent CD8+ and CD4+ T-cell responses 
are critical in HCV clearance, as well as cytokine-
induced factors that can directly inhibit virus replication. 
Newly available direct-acting antivirals (DAAs) are 
very effective in viral clearance in patients. DAA 
treatment may further result in the down-regulation of 
programmed death-1, leading to rapid restoration of 
HCV-specific CD8+ T cell functions. In this review, we 
focus on recent studies that address the host responses 
critical for viral clearance and disease resolution. 
Additional discussion is devoted to the prophylactic 
vaccine development as well as to current efforts aimed 
at understanding the host innate responses against 
HCV infection. Current theories on how the ubiquitin 
system and interferon-stimulated genes may affect HCV 
replication are also discussed.

Key words: Hepatitis C virus; Hepatitis; T cell; Direct-
acting antiviral; Innate immune response

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Hepatitis C virus (HCV) is an etiologic agent 
that can cause severe liver diseases, including chronic 
hepatitis, liver fibrosis, liver cirrhosis, and hepatocellular 
carcinoma. Although newly available direct-acting 
antivirals (DAAs) are very effective in viral clearance 
in patients, it remains unclear as to how many of the 
world’s infected individuals will benefit from the new 
DAAs. In this review, we focus on recent studies that 
address the host responses critical for viral clearance 
and disease resolution. Additional discussion is devoted 
to the prophylactic vaccine development and innate 
responses against HCV infection. Current theories on 
how the ubiquitin system and interferon-stimulated 
genes may affect HCV replication are also discussed.
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INTRODUCTION
Hepatitis C virus (HCV) is an etiologic agent that can 
cause severe liver diseases, including chronic hepatitis, 
liver fibrosis, liver cirrhosis, and hepatocellular 
carcinoma. Since the first discovery of this virus in 
1989 by Choo et al[1], much has been learned about 
viral replication mechanisms and detailed functions 
of the viral proteins involved in these processes. 
Such knowledge has accelerated the development of 
direct-acting antivirals that could cure HCV infections, 
with much higher efficiency in shortening treatment 
duration compared to the traditional interferon-α-
based therapy[2-6]. On the other hand, the vaccine 
development front seems to have lagged behind. This 
is certainly not due to the lack of effort to understand 
the HCV-induced immunity, but rather to the unique 
challenges in understanding effective immune 
responses against HCV.

The first challenge is the virus itself, which could 
successfully establish a chronic infection in about 
80% of infected persons by effectively modulating 
innate and adaptive immune responses[7,8]. The 
second challenge is the difficulty in identifying and 
obtaining samples from acutely infected patients 
who successfully eliminated the virus due to the lack 
of distinct symptoms during acute phase of HCV 
infection. The third challenge is the lack of suitable 
small animal models that can recapitulate the HCV 
infection-mediated immune responses in humans. 
Although chimpanzee model has been the best 
immunocompetent animal model of HCV infection, 
with the recent National Institutes of Health (NIH) 
moratorium of usage of chimpanzee in HCV research, 
this challenge just got worse. Of note, there are 
continuing efforts to develop other immunocompetent 
animal model system[9,10]. Despite these difficulties, 
new information that could help us eventually control 
HCV-mediated immune dysregulation keeps emerging. 

The goal of this review is to summarize the most 
up-to-date knowledge regarding both innate antiviral 
and adaptive immune responses that are available in 
the literature, to define the successful host responses 
that could contribute to HCV elimination. In addition, 
we discuss the implications of effective anti-HCV 
therapy on HCV-mediated immune modulation and 
vaccine development. 

ADAPTIVE IMMUNE RESPONSES IN 
HEPATITIS C 
Although HCV is capable of interfering with a wide 
range of host physiological processes, it is readily 
detected by the host sensing machinery, followed 
by the triggering of innate cellular responses[11,12], 
including the production of type Ⅰ interferons (IFN-
Ⅰ) and the activation of downstream, antiviral target 
genes. However, despite these responses, HCV 
continues to replicate in the liver in the incubation 
phase. The adaptive immune response to HCV 
infection develops over several weeks[13]. Although 
the reasons for this delay are not understood, it is 
clear that the magnitude, diversity, and quality of the 
adaptive immune responses are the determinants of 
the outcome[13]. While this acute immune response 
has the potential to clear the viral infection, it is 
unsuccessful at least 50% of the time, and the 
virus has a very strong propensity to cause chronic 
infections. Development of chronicity is marked by 
a dramatic decrease in the activity of CD8+ cytotoxic 
T lymphocytes (CTL) and CD4+ Th cells in the liver 
without achieving viral clearance. Interestingly, the T 
cell dysfunction seems to be restricted to HCV-specific 
CD8+ T cells, since influenza-specific CD8+ cells were 
functional in chronic HCV patients[12].

T cell dysregulation in chronic infection
The effector functions of virus-specific CD8+ and 
CD4+ T cells are critical in viral clearance and disease 
resolution[14]. Interestingly, virus clearance and disease 
progression are seemingly mediated by phenotypically 
distinctive CD8+ CTL populations. The CD8+ CTLs 
participating in virus clearance expressed high levels 
of IFN-γ, but low levels of the activation marker CD38 
(IFN-γhi CD38lo)[12,13]. In contrast, the CTL involved 
in liver injury are commonly IFN-γlo CD38hi, and the 
frequency of these cells tends to increase with the 
inflammation score (Figure 1, left panel)[15]. Although 
CTLs can exert limited antiviral activity, they are 
unable to keep pace with the evolution of HCV. As a 
result, HCV rapidly accumulates escape mutations 
in its genome, and persistent viremia ensues[16]. In 
studies with large cohorts of chronic subjects and 
spontaneous resolvers, adequate help from CD4+ T 
cells was found to be essential to promoting immune 
protection[17]. Among resolvers, the HCV epitopes are 
presented by multiple alleles of major histocompatibility 
complex Ⅱ molecules, and nonstructural (NS) protein-
directed CD4+ T-cell responses are associated with high 
levels of IL-2 and IFN-γ[18]. On the other hand, HCV 
persistence is associated with a high frequency of CD4+ 
regulatory T cells (Treg) that could directly suppress 
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HCV-specific CTL in patients[19]. The resolution of 
disease is usually associated with the loss of expression 
of programmed death-1 (PD-1) and decreased 
functional suppression[17,20]. In addition to Treg cells, 
high expression of inhibitory receptor-PD-1 on CD4+ 
and CD8+ T cells also contributes to viral persistence 
as well as to failure of antiviral therapy (Figure 1, left 
panel)[21,22]. 

T cell responses in immunomodulatory and direct-acting 
antiviral therapies
Until recently, the mainstay of treatment for chronic 
HCV infection had been pegylated interferon and 
ribavirin for HCV genotype 1 infection. This treatment 
resulted in a sustained virologic response (SVR) in 
50%-80% of patients with HCV genotype 1 infection 
(higher SVR among those with genotypes 2 or 3 
infections). There has been a clear demonstration that 
IFN-α, even when it achieved viral clearance, was not 
able to rescue antiviral T cells from exhaustion due to 
its pleiotropic effects on T cells[23-25]. To improve the 
efficacy of hepatitis C therapy, one critical question is 
whether antiviral T cells are permanently blemished by 
the sustained expression of PD-1 or other tolerating 
mechanisms; or alternatively, the removal of IFN-α 
would promote host recovery and the expansion of 
T cells with antiviral functions[26,27]. In a recent study 
involving a clinical cohort undergoing IFN-free therapy, 
a combination of Faldaprevir (a protease inhibitor) 
and Deleobuvir (a non-nucleoside polymerase 
inhibitor) cleared HCV in the majority of patients[28]. 
Furthermore, viral antigen reduction in response to 
direct-acting antiviral (DAA) treatment resulted in the 
down-regulation of PD-1, leading to rapid restoration of 
HCV-specific CD8+ T cell functions in patients (Figure 1, 

right panel)[28]. While this study unveils an unexpected 
benefit of these two DAAs, it is interesting to see 
whether other DAAs with or without ribavirin are also 
able to reverse exhaustion and restore full functions of 
HCV-specific T cells.

HCV PROPHylACTIC VACCINES
HCV infection is a major public health problem in the 
world. Although DAAs are a significant advancement 
for an HCV treatment, it remains unclear as to how 
many of the world’s infected individuals will benefit 
from the new DAAs. For instance, the high cost of 
these DAAs will undoubtedly deny their access to low 
income countries and may also result in selective use 
in middle and even high income counties[29]. Thus there 
will likely still be a substantial number of HCV cases, 
including those individuals who are not screened and 
unaware of their infection. Additionally, DAAs are not 
efficacious in those having already developed advanced 
hepatic cirrhosis, carcinoma and liver failures. 
Importantly, a recent study showed that persistently 
HCV-infected chimpanzees cured with DAA maintained 
narrowly focused stable CD8+ T cell repertoires that 
were incapable of preventing persistent infection 
following HCV re-challenge[30]. Thus, vaccination may 
be necessary even for those individuals who have 
cleared virus following DAA treatment. For these 
reasons, an effective prophylactic HCV vaccine remains 
a critical instrument to halt the global HCV epidemic. 
Current human and chimpanzee studies suggest that 
a prophylactic vaccine inducing both protective T cells 
and broadly-neutralizing antibody (bnAb) responses 
is important for HCV control and thus highly desirable 
characteristics for the future vaccine candidates[29].
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Figure 1  Direct-acting antiviral therapy and immune function restoration in hepatitis C virus infection. In chronic hepatitis C infection, T cells having a narrow 
repertoire of TCRs mount a weak response to HCV antigens, and their effector functions are often impaired. Many CD8+ and CD4+ T cells express low levels of IFN-γ 
and IL-2 accompanied by up-regulation of PD-1 molecules in the liver. Development of T regulatory cells and compromised dendritic cell functions also contribute 
to T cell functional impairment. Recent data suggest that IFN-free direct-acting antivirals not only clear HCV in the majority of patients, but also result in the down-
regulation of PD-1, leading to rapid restoration of virus-specific CD8+ T cell functions in patients[28]. HCV: Hepatitis C virus; IFN: Interferon; IL: Interleukin; PD-1: 
Program death-1; TCR: T cell receptor.
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in the liver in vivo[38]. HCV PAMPs that are recognized 
by RIG-I are also produced by cleavage of viral 
NS5B region of HCV RNA by the IFN-inducible host 
endoribonuclease RNase L, releasing small structured 
RNAs with 5’-hydroxyl (5’-OH) and 3’-monophosphoryl 
(3’-p) groups[39]. Binding of the HCV PAMP induces 
a conformational change in RIG-I and subsequent 
ubiquitination by the E3-ubiquitin ligase TRIM25 (Figure 
2A). This process and interaction with the chaperone 
protein 14-3-3e promote recruitment of activated RIG-I 
to the adaptor protein mitochondria antiviral signaling 
protein (MAVS) that is anchored to the mitochondria 
and also located in an intracellular membrane network 
at the peroxisomes and on mitochondrial- associated 
membranes[40-43]. Subsequently, different signaling 
partners are known to be recruited to MAVS, resulting 
in the activation of the IκB (IKK) and IKK-related 
kinases[44,45], TBK1 and IKKε, which phosphorylate the 
transcription factors IRF3 and IRF7 required for IFN-I 
production as well as IFN-λ[46-48].

Deregulation of innate anti-viral signaling pathways 
during HCV replication
Both IFN-I and IFN-λ are produced upon innate 
recognition of viruses, although differential expression 
has been found in tissues such as the brain upon 
viral infection[49]. Although signaling occurs through 
different receptors, both IFN-I and IFN-λ can trigger 
downstream signaling through phosphorylation of 
signal transducers and activators of transcription 1 
(STAT1) and STAT2, suggesting that both IFN-I and 
IFN-λ signaling result in induction of the same ISGs. 
Together, STAT1, STAT2 and IRF9 form the interferon-
stimulated gene factor 3 (ISGF3) complex, which is 
essential for induction of ISGs (Figure 2B)[50]. The 
tyrosine kinases JAK1 and TYK2, which are both 
activated by IFN-I and IFN-λ, phosphorylate tyrosine 
701 (Y701) on STAT1[51]. In addition, phosphorylation 
of S708 on STAT1 by the IKKε kinase is also required 
for the efficient induction of all ISGs in response to 
IFN-I[52]; however, it is currently unknown whether 
IFN-λ stimulation also results in activation of IKKε and 
STAT1-S708 phosphorylation. Furthermore, activation 
of IKKε during IFN-I signaling also requires binding 
to unanchored lysine-48 (K48)-linked polyubiquitin 
chains, which are not covalently attached to any 
protein[53]. Some evidence suggests that HCV inhibits 
STAT1 function. For example, by using a microRNA 
array in human hepatocytes infected with HCV, it 
was shown that miR-373 is up-regulated in HCV-
infected cells (Figure 2B). This microRNA targeted 
JAK1 and IRF9 and reduced phosphorylation of 
STAT1. Consistent with this observation, knockdown 
of miR-373 resulted in the reduction of HCV RNA 
replication[54]. Furthermore, the core protein of HCV 
associates with STAT1 and promotes its degradation[55]. 
Immune cell populations and hepatocytes from HCV+ 
patients have reduced STAT1 and STAT3 proteins. 

Circulating HCV is genetically diverse, and therefore 
a broadly effective vaccine must target conserved T- 
and B-cell epitopes of the virus. Several prophylactic 
vaccine candidates based on different strategies and 
viral targets have been developed in the last two 
decades. Vaccines aimed to target conserved T cell 
epitopes are shown to induce vigorous and broadly 
directed CD4+ and CD8+ T cell responses, and these 
are well underway in clinical development[31,32]. Despite 
the molecular trickeries employed by HCV, a number 
of bnAbs have been identified. The protective role of 
bnAbs against HCV infection has been demonstrated 
in chimpanzees, highlighting the possibility of 
developing a broadly effective vaccine by inducing 
bnAbs[33,34]. The HCV viral RNA genome encodes two 
structural envelope glycoproteins, E1 and E2. Although 
neutralizing antibodies (nAbs) to E1 have also been 
isolated, E2 is the main target of nAbs in HCV-infected 
patients[35]. In the last decade, significant discoveries 
of bnAbs and their structural analysis with antigenic 
epitopes have been made in the HIV-1 vaccine field; 
now a similar trend has begun to emerge in the HCV 
vaccine field. Recently, researchers have combined 
the latest findings in HCV structural biology and 
cutting-edge technologies in protein design and next-
generation sequencing of Ab repertoires to facilitate 
HCV immunogen design for the induction of bnAbs 
in vaccination[35]. The linear HCV epitopes will be 
grated onto protein scaffolds, which allow epitope 
presentation in their bnAb-bound conformations. 
These studies demonstrate the feasibility of generating 
a highly potent antibody formulation against multiple, 
conserved neutralizing epitopes on HCV.

HCV AND INNATE IMMUNE RESPONSES
It is now clear that HCV infection induces innate 
responses capable of limiting virus replication to some 
extent. However, HCV is still able to establish chronic 
infections by escaping immune responses. Similar 
to other viruses, HCV encodes pathogen-associated 
molecular patterns (PAMPs), which are recognized by 
the host pattern-recognition receptors (PRRs). Members 
of the endosomal Toll-like receptor (TLR) family and 
the cytoplasmic Retinoic acid inducible gene (RIG-I)-like 
receptors (RLRs) can also recognize HCV PAMPs (Figure 
2A). Pathogen recognition by PRRs results in activation 
of downstream signaling pathways leading to the 
production of pro-inflammatory cytokines, chemokines, 
IFN-I and type-Ⅲ IFN (IFN-λ)[36]. IFNs elicit their 
antiviral activity through the up-regulation of many 
IFN-I-stimulated genes (ISGs), which act as direct 
effectors of the antiviral response[37]. HCV-encoded 
PAMPs recognized by the RIG-I sensor include the 
polyuridine motif of the HCV genome 3’ non-translated 
region and its replication intermediate, which binds 
RIG-I through the 5’ terminal triphosphate on the viral 
RNA. This signaling induces IFN-I and antiviral ISGs 
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Furthermore, STAT3 was preferentially ubiquitinated 
and targeted for proteosomal degradation in the 
presence of HCV[56]. These observations may explain 
in part the hypo-responsiveness observed in some 
patients to IFN-α treatment.

Since IFN-α/β and IFN-λ trigger similar signaling 
pathways, they are predicted to induce the same group 
of ISGs. However, in contrast to the widely expressed 
IFN-I receptor in different cell types, the expression of 
the IL-10R2 subunit of the IFN-λ receptor appears to 
be restricted to cell types and tissues, particularly on 
epithelial cells[49]. This raised the possibility that IFN-λ 
administration may be a better option to the common 
therapy for treating HCV infection with pegylated 

IFN-α (Peg-IFN-α) and ribavirin. It is now known that 
Peg-IFN-α treatment is only effective in a fraction of 
HCV-infected individuals with the presence of some 
side effects. Thus far Peg-IFN-λ has shown promising 
results[57,58]. Besides the tissue/cell type-specific 
expression of the IL-10R2 receptor, Peg-IFN-λ may 
be more effective since, unlike IFN-α treatment[59], 
Peg-IFN-λ treatment did not lead to refractoriness of 
JAK-STAT signaling following multiple stimulations[60]. 
IFN-λ treatment also results in a faster reduction 
in viral load as compared to those with IFN-α[61]. In 
addition, HCV infection appears to down-regulate the 
expression of IFN-I receptor, in contrast to sustained 
expression of the IL-28 receptor subunit. Global 
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Figure 2  Innate immune response to hepatitis C virus and viral escape mechanisms. A: RIG-I recognizes HCV PAMPs including HCV 5’-triphosphate RNA and 
small structured RNAs with 5'-hydroxyl (5'-OH) and 3'-monophosphoryl (3'-p) groups, which are cleaved by the host endoribonuclease RNase L. Binding of the HCV 
PAMP induces a conformational change in RIG-I and subsequent ubiquitination by TRIM25 and Riplet. RIG-I is then recruited to MAVS via mitochondria associated 
membranes (MAMs) and the chaperone protein 14-3-3e. Subsequently, TBK1 and IKKε phosphorylate IRF3 and IRF7 for IFN-I production as well as IFN-λ, and 
pro-inflammatory cytokines via NF-κB activation. The NS3-4A of HCV inhibits Riplet-dependent activation of RIG-I; B: IFN-I and IFN-λ are recognized by the IFNA 
receptor and IL28/IL-10 receptor respectively. Both trigger downstream signaling through phosphorylation of STAT1 and STAT2. Together, STAT1, STAT2 and IRF9 
form the ISGF3 complex, which translocates to the nucleus for induction of antiviral ISGs. The tyrosine kinases JAK1 and TYK2, phosphorylate tyrosine 701 (Y701) 
on STAT1. In addition, phosphorylation of S708 on STAT1 by the IKKε kinase (activated by unanchored polyubiquitin chains) is also required for ISG induction. It 
is currently unknown whether IFN-λ stimulation also results in IKKε activation. miR-373 is up-regulated in HCV-infected cells and inhibits JAK1 and IRF9 function 
resulting in reduced STAT1 phosphorylation. TRIM22, which is induced by IFN-I, inhibits HCV replication probably by a mechanism involving ubiquitination of viral 
NS5. ISG15, another IFN-I inducible protein can inhibit HCV replication by ISGylation of viral NS5 rendering unstable. ISG15 has also been proposed to have pro-viral 
roles. The core protein of HCV associates with STAT1 and promotes its degradation. RIG-I: Retinoic acid inducible gene; HCV: Hepatitis C virus; PAMP: Pathogen-
associated molecular pattern; IFN: Interferon; IL: Interleukin; ISGF: Interferon-stimulated gene factor; STAT: Signal transducers and activators of transcription; NF-κB: 
Nuclear factor-kappa B; IKK: Inhibitor of NF-κB kinase.
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transcriptome analysis in hepatocytes indicated that 
IFN-λ stimulation prolonged the expression of various 
ISGs that are potentially beneficial to antiviral defense 
mechanisms[62].

In addition to inhibition of STAT-dependent innate 
immune responses, HCV has also been shown to 
inhibit TLR3 signaling and IFN-λ production in human 
hepatoma cell lines, with subsequent reduction in the 
antiviral ISG56, MxA and OAS-1. NS3/4A, NS5A and 
NS5B had the ability to inhibit poly I:C-induced IFN-λ1 
expression in Huh7 cells[63,64].

Role of ubiquitin and ubiquitin-like molecules in HCV 
replication
Ubiquitination of proteins is a post-translational 
process, which has been demonstrated to regulate 
not only protein stability but also various steps of the 
signaling pathways in immune regulation and cytokine 
production[65]. Viruses have adapted to antagonize 
innate immune responses by using different mecha-
nisms including manipulating the ubiquitin system for 
their own advantage[66]. For example, it was recently 
proposed that the Influenza virion carries unanchored 
polyubiquitin chains that promote virus uncoating 
by utilizing the host aggresome machinery[67]. At the 
same time these polyubiquitin chains that are released 
in the cytoplasm may function as a mechanism to 
alert the innate cellular response early upon virus 
entry to the cell[68]. Whether HCV utilizes unanchored 
polyubiquitin chains for replication remains to be 
tested. Nevertheless, HCV also has been shown to 
target the ubiquitin system to escape the innate 
immune response. HCV NS3-4A proteases inhibit 
the E3-ubiquitin ligase Riplet, which, together with 
TRIM25, is required for efficient ubiquitination and 
activation of RIG-I (Figure 2A)[69]. The ubiquitin system 
is also utilized by the host to restrict virus replication, 
and, in fact, may be one of the mechanisms by which 
IFN therapy limits virus replication in patients. For 
example the E3-ubiquitin ligase TRIM22, which is 
highly induced by IFN-I[70-72], may be associated with 
responsiveness to Peg-IFN-α-2a/RBV combination 
therapy[73]. A possible mechanistic explanation for 
these findings is supported by data showing that 
TRIM22 overexpression inhibits HCV replication and 
knockdown reduces IFN-induced anti-HCV activity. In 
addition, TRIM22 appears to promote ubiquitination 
of HCV-NS5A[74]. Although this study did not elucidate 
the functional effects of NS5A ubiquitanation, ubiquitin 
ligases as well as de-ubiquitinating enzymes are 
emerging as important proteins in controlling HCV 
replication. In particular, a recent study using an RNA 
interference (RNAi) screen found a few ubiquitin ligases 
to be important in HCV replication; the E2-conjugating 
enzyme UbE2J1, is involved in viral RNA replication; 
USP11, a de-ubiquitinating enzyme is involved in 
HCV IRES-mediated translation. In addition, TRIM42, 
another member of the E3-ubiquitin ligase family of 

proteins, and UbE2M, another E2 ubiquitin-conjugating 
enzyme, are also involved at early stages of viral post-
entry[75]. 

Similar to posttranslational covalent modification 
by ubiquitin, the small ubiquitin-like modifier (SUMO) 
can also be covalently attached to protein lysines post-
translationally, and regulates many different cellular 
processes. HCV also utilizes this cellular process 
for its own advantage; the NS5A protein of HCV is 
SUMOylated, resulting in increased protein stability by 
inhibiting ubiquitination[76].

ISG15, another ubiquitin-like molecule that can be 
covalently attached to lysine residues of proteins post-
translationally, has been shown to play both positive 
and negative roles during HCV infection. ISG15 is a 
highly IFN-inducible gene that has antiviral functions 
against many viruses[77]. Accordingly, overexpression 
of ISG15- and ISG15-conjugation enzymes resulted 
in inhibition of HCV replication. Furthermore, HCV-
NS5A protein was ISGylated, and this appeared to 
decrease NS5A stability[78]. However, in contrast to this 
study, other studies identified ISG15 as a pro-HCV 
host factor promoting HCV replication[79,80]. ISG15 may 
have different effects depending on the cell type or 
tissue expression. If indeed ISG15 acts as a pro-viral 
factor, its high induction by IFN treatment may help 
explain why in some patients IFN-based treatment 
results in persistent HCV infection. Additional evidence 
that ISG15 plays a role in HCV replication comes from 
studies on USP18, which specifically cleaves ISG15 
from its cellular targets[81]. USP18 knockout mice 
are hypersensitive to IFN, with prolonged Jak/Stat 
signaling[82]. Expression of USP18 is increased in the 
liver biopsy specimens of patients who do not respond 
to IFN-α therapy, and siRNA knockdown of USP18 
in human cells increases the ability of IFN to inhibit 
HCV replication as well as to increase cellular protein 
ISGylation and prolonged STAT1 phosphorylation, 
and a general enhancement of IFN-stimulated gene 
expression[83].

To demonstrate that in vivo knockdown of ISG15 
may be used therapeutically to inhibit HCV replication, 
Real et al[84] used lipid nanoparticles to deliver siRNA 
specific to ISG15. The treatment resulted in specific 
reduction of ISG15 expression in the liver in vivo, 
resulting in reduced responses to IFN treatment. 
This also resulted in a reduction in HCV replication, 
supporting the role of ISG15 as a pro-viral factor. In 
addition, ISG15 knockdown revealed five potential 
candidates as pro-viral factors that depend on ISG15 
expression. In particular, knockdown of the ISG15-
dependent heterogeneous nuclear ribonucleoprotein 
K (HnrnpK) also resulted in decreased levels of HCV 
replication[84].

HCV infection is also known to induce the ubiquitin-
dependent degradation of some cellular proteins 
including the retinoblastoma tumor suppressor protein 
by viral NS5B[85,86], and the suppressor of cytokine 
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signaling 3 (SOCS3), which is a negative regulator of 
the JAK-STAT pathway[87]. HCV viral proteins have also 
been described to be ubiquitinated and degraded by 
the proteasome through both ubiquitin-dependent and 
independent mechanisms (review by Shoji et al[88]).

IFN-stimulated genes as antiviral factors to HCV
For decades Peg-IFN-α has been one of the most 
important therapeutics to control HCV infection in 
patients, although the exact mechanisms of viral 
inhibition have remained unclear. It is well established 
that IFN treatment will induce a large number of ISGs 
with known antiviral functions, but which ISGs and 
how they act against HCV remained largely unknown 
until recently. Some of these ISGs have direct or 
indirect anti-HCV functions and have been reviewed 
recently (see Horner et al[43]). These include ADAR, 
DDIT4, DDX58 (RIG-I), DDX60, EIF2AK2 (PKR), GBP1, 
IFI44L, IFI6, IFIT1, IFIT3, IFITM3, IRF1, IRF7, ISG12, 
ISG20, MAP3K14 (NIK), MOV10, MS4A4A, MX1 
(MxA), NOS2, NT5C3, OAS1, OASL, PLSCR1, RNASEL, 
RSAD2 (viperin), SSBP3, and TRIM14[43]. Many of 
these genes were found by using lentiviral vectors 
expressing 389 selected ISGs in Huh-7.5 cells, a RIG-
I-defective derivative of Huh-7 cells. Although most 
of the ISGs showed some degree of inhibition of HCV 
replication, RIG-I, MDA5, IRF1 and IRF7, which are 
genes involved in signaling to produce IFN-I, were the 
strongest inhibitors of HCV[37]. Other studies showed 
the IFN-induced transmembrane protein 1 (IFITM1) 
as an inhibitor of HCV[89,90]. In addition, another screen 
identified several antiviral ISGs induced by IFN-α 
and IFN-γ using an RNAi[91]. IFITM1 is highly induced 
by both IFN-I and IFN-γ has been shown to inhibit 
different viruses including West Nile virus, Influenza, 
HIV and HCV[89,92]. IFITM1 accumulates at hepatic tight 
junctions in HCV-infected human patient liver during 
IFN therapy and interacts with the HCV co-receptors 
CD81 and occludin, blocking viral entry[90]. ISG56 was 
also shown to inhibit HCV replication[89]. Additional 
ISGs have been reported to inhibit HCV. ISG20, and 
PKR are reported to inhibit HCV RNA synthesis[93]. 
Recently, the Cholesterol-25-hydroxylase (CH25H), 
a 31.6-kDa endoplasmic reticulum-associated 
enzyme that catalyzes oxidation of cholesterol to 
25-hydroxycholesterol (25HC), was also shown to 
inhibit HCV. CH25H is an ISG that is induced in many 
tissues upon in vivo exposure to TLR ligands and 
IFN stimulations[94]. 25HC has also been reported 
to possess anti-HCV activity[95]. CH25H can interact 
with the NS5A protein of HCV and inhibit its dimer 
formation, which is essential for HCV replication[96].

In summary, although in recent years there have 
been great advances in our understanding of the anti-
HCV functions of ISGs, many of these studies still fail 
to take into consideration the physiological conditions 
in which the virus replicates, as well as relevant 
immune cell types that are localized in the liver. 

Furthermore, it remains unclear as to how to induce 
these genes with exogenous treatments, or how to 
deliver lentiviral vectors containing specific ISG as 
potential antiviral treatments. Thus, additional studies 
are required using novel in vivo models combined 
with biochemical methods to identify the molecular 
mechanisms of antiviral functions.

CONClUSION
The recent availability of highly effective DAAs against 
HCV infection brings hope for HCV eradication. 
However, initial reports suggest that DAA alone may 
not be enough to achieve this goal. Instead, HCV 
eradication will ultimately require the boosting of 
favorable innate and adaptive immune responses 
and ultimately vaccine development. Based on our 
knowledge of antiviral immune responses, the raising 
of effective antiviral responses against HCV will require 
agents or vaccine candidates that promote innate 
antiviral signaling and enhance both CD4 and CD8 
responses effectively without inducing exhausted 
phenotypes and bnAb that could neutralize multiple 
genotypes of HCV. There is no doubt that effective 
immune-modulators against HCV infection will be 
available someday as a result of our continued efforts 
to understand HCV-induced immune regulation. 
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Abstract
About 130-170 million people are infected with the 
hepatitis C virus (HCV) worldwide and more than 
350000 people die each year of HCV-related liver 
diseases. The combination of pegylated interferon 
(Peg-IFN) and ribavirin (RBV) was recommended as 
the treatment of choice for chronic hepatitis C for 
nearly a decade. In 2011 the directly acting antivirals 
(DAA) HCV NS3/4A protease inhibitors, telaprevir and 
boceprevir, were approved to treat HCV-genotype-1 
infection, each in triple combination with Peg-IFN 
and RBV. These treatments allowed higher rates of 
SVR than the double Peg-IFN + RBV, but the low 
tolerability and high pill burden of these triple regimes 
were responsible for reduced adherence and early 
treatment discontinuation. The second and third wave 
DAAs introduced in 2013-2014 enhanced the efficacy 
and tolerability of anti-HCV treatment. Consequently, 
the traditional indicators for disease management 
and predictors of treatment response should be 
revised in light of these new therapeutic options. This 
review article will focus on the use of the markers 
of HCV infection and replication, of laboratory and 
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Core tip: The second and third wave directly acting 
antivirals introduced in 2013-2014 enhanced the 
efficacy and tolerability of anti-hepatitis C virus (HCV) 
treatment. Consequently, the traditional indicators 
for disease management and predictors of treatment 
response should be revised in light of these new 
therapeutic options. This review article analyzes the 
modern use of the markers of HCV infection in: (1) 
the diagnosis of acute hepatitis C; (2) the diagnosis 
of chronic HCV infection; (3) the assessment of the 
severity of chronic hepatitis C; (4) the assessment 
of factors associated with response to anti-viral 
treatment; and (5) HCV-RNA kinetics and clearance as 
markers of remission.

Coppola N, Pisaturo M, Zampino R, Macera M, Sagnelli C, 
Sagnelli E. Hepatitis C virus markers in infection by hepatitis 
C virus: In the era of directly acting antivirals. World J 
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http://www.wjgnet.com/1007-9327/full/v21/i38/10749.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v21.i38.10749

INTRODUCTION
The World Health Organization (WHO) estimates that 
130-170 million people are infected with hepatitis C 
virus (HCV) worldwide and that more than 350000 
people die each year of HCV-related liver diseases[1]. 

Primary infection causes acute hepatitis C (AHC), 
which is asymptomatic in the majority of cases, but 
progresses to chronicity in about two-thirds of the 
cases and spontaneously remits in the remaining 
one-third[2-7]. Patients with chronic hepatitis C (CHC) 
frequently show increasing severity of liver fibrosis 
over time, which leads to liver cirrhosis in nearly a 
quarter of cases. Hepatocellular carcinoma (HCC) 
develops in HCV-related liver cirrhosis with a yearly 
rate around 3%[8-16].

The combination of pegylated interferon (Peg-
IFN) and ribavirin (RBV) was recommended as the 
treatment of choice for CHC for nearly a decade[17-22]. 
This treatment, although poorly tolerated, provided a 
sustained clearance of circulating HCV (sustained viral 
response - SVR) in half of the patients with CHC due to 

HCV genotype 1 and in nearly 70% of those with HCV 
genotype 2 or 3. Several predictors of an unfavorable 
response to this treatment have been identified: viral 
(HCV genotype 1 or 4 and a slow decline in serum 
HCV RNA during treatment), host factors (male 
sex, older age), a co-pathology (insulin resistance, 
diabetes), Afro-American ethnicity, severe fibrosis 
and/or steatosis, high body mass index and interleukin 
(IL) 28-B non-CC genotype[23]. In 2011 the directly 
acting antivirals (DAAs) NS3/4A protease inhibitors 
telaprevir and boceprevir were approved to treat HCV-
genotype-1 infection, each in triple combination with 
Peg-IFN and RBV[24-27]. These treatments allowed 
higher rates of SVR than the double Peg-IFN + 
RBV[18,28-33], but the low tolerability and high pill burden 
of these triple regimes[34] were responsible for reduced 
adherence and early treatment discontinuation. The 
second and third wave DAAs introduced in 2013-2014 
enhanced the efficacy and tolerability of anti-HCV 
treatment[35,36]. In fact the second and third generation 
DAAs afford SVR rates above 90%, regardless of HCV 
genotype, better tolerability and adherence used either 
in IFN-free regimens or in combination with interferon 
and ribavirin[37-40]. Consequently, the traditional 
indicators for disease management and predictors of 
treatment response should be revised in light of these 
new therapeutic options.

This review article will focus on the use of the 
markers of HCV infection and replication, of laboratory 
and instrumental data to define the stage of the 
disease and of predictors, if any, of response to therapy 
in the DAA era (Table 1). The article is addressed 
particularly to physicians who have patients with 
hepatitis C in care in their everyday clinical practice.

HCV MARKERS IN AHC
In its symptomatic form AHC is characterized by 
nausea, malaise, abdominal pain, jaundice and 
by the typical biochemical abnormalities[41-43]. The 
HCV etiology is usually established on the basis of 
a documented seroconversion to anti-HCV and/or 
HCV-RNA positivity during the natural course of the 
illness[19,39,44,45], but it is impossible to establish for 
patients first observed when seroconversion has 
already occurred. In addition, AHC remains frequently 
undiagnosed because asymptomatic in the majority of 
the cases[41]. Despite its typically mild clinical course, 
AHC progresses to chronicity in nearly 70% of the 
cases. Treatment with a 3- or 6-mo course of Peg-
IFN has been shown to be effective in eradicating 
acute HCV infection in most cases, but to date no 
standardized treatment schedule has been defined. 
Delaying the treatment to 8-12 wk after the beginning 
of the illness allows the identification of cases that 
resolve spontaneously and does not compromise the 
efficacy. The use of IFN-free treatment regimens for 
AHC patients awaits assessment.
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New strategies for an early diagnosis of AHC have 
been investigated[46,47]

. In addition, attempts have been 
made to distinguish this clinical form from an acute 
exacerbation of CHC, a clinical event characterized by a 
substantial increase in serum alanine aminotransferase 
(ALT) levels above the previous values in patients with 
CHC[6,7,48-50]. A combined use in serial serum samples 
of the rise in the anti-HCV titers and of the changes 
in antibody positivity in a recombinant immunoblot 
assay was found to be of some use by Lu et al[46]. 
Araujo et al[47], using a flow-cytometric microsphere 
immunoassay to measure anti-HCV IgG reactivity to the 
core NS3, NS4 and NS5 HCV recombinant proteins, 
correctly classified serum samples of AHC and CHC 
with a cross-validation of 90.8% for the AHC group 
and 97.2% for the CHC group.

 The role of anti-HCV 
IgG avidity and anti-HCV IgM titers to diagnose AHC 
have been extensively investigated[5,51-54]. A successful 
attempt to distinguish between AHC and a reactivation 
of CHC was made by Sagnelli et al[4] by carrying out a 
serial determination of anti-HCV IgM at two or three 
checking points within the third week from the disease 
onset. In another study by the same group, Coppola et 
al[5] successfully explored the distinction between AHC 
and a reactivation of CHC using the avidity of anti-
HCV IgG to diagnose AHC. When both methods (anti-
HCV IgM titer and anti-HCV IgG avidity) were applied 
to serial serum samples obtained during the illness, 
the distinction between the two clinical forms reached 
a level of sensitivity and specificity approaching 95%. 
The IgG avidity assay showed the highest efficacy 
during the initial two weeks of the illness and the IgM 
titer assay during the subsequent two weeks[53]. 

The diagnosis of AHC remains important even 
in the DAA era, since, although not yet assessed, it 
seems reasonable that all or nearly all patients with 
AHC can be cured with a short DAA-based regimen. 

HCV MARKERS IN CHC
Diagnosis of chronic HCV infection
The diagnosis of CHC is based on the detection of 
serum anti-HCV and HCV RNA, elevated serum values 
of aminotransferases for at least six months and 
necroinflammation and fibrosis in liver tissue[8,19,39]. 
Screening to detect anti-HCV in serum is indicated 
for persons with a history of intravenous drug use, 
or sharing paraphernalia for intranasal drug use, 
acupuncture, body piercing or tattooing, persons who 
received blood, blood products or solid organs before 
1992, hemodialysis patients, children born of HCV-
infected mothers, patients with hepatitis B virus (HBV) 
infection and those with human immunodeficiency 
virus (HIV) infection[19,55-61]. Anti-HCV-positive subjects 
should be tested for serum HCV RNA, the confirmatory 
test of an ongoing HCV infection[62-65].

Anti-HCV can be detected by an enzyme-linked 
immunosorbent assay, three generations of which have 
been developed since 1989. The first generation assay, 
incorporating the recombinant c100-3 epitope from the 
NS4 region was used until 1992, when it was replaced 
with the second generation assay incorporating the 
epitopes c22-3 and c33c from the HCV core and NS3 
regions, respectively. The third generation assay 
used at present contains reconfigured core and NS3 
antigens and a newly incorporated antigen from 
the NS5 region[62,66,67], is more sensitive than the 
previous assays and has a diagnostic specificity of 
over 99%[62]. However, the third generation enzyme 
immunoassays can, albeit rarely, yield false-negative 
results in immunocompromised patients and in those 
undergoing hemodialysis[19].

More recently an assay for a rapid detection of anti-
HCV in fingerstick capillary blood, venipuncture whole 
blood or saliva has been developed[68]. This assay, easy 

Roles in the Peg-IFN era Roles in the DAA era

Anti-HCV assay Diagnosis/screening Diagnosis/screening
HCV-RNA assay Diagnosis/active replication Diagnosis/active replication

Pre-treatment predictor of response to antiviral 
treatments

Assessment of response to treatment

Monitoring antiviral treatment
Assessment of response to treatment

HCV genotype Pre-treatment predictor of response to antiviral 
treatments

Choosing the most appropriate DAA regimen

HCV Q80K polymorphism None Selecting patients with HCV-genotype 1a for the simeprevir 
plus Peg-IFN regimen

Markers of liver fibrosis (liver 
biopsy/non-invasive methods)

Staging of liver disease Staging of liver disease
Pre-treatment predictors of response to antiviral 

treatments
Selecting the patients with urgency for DAA-based treatment

IL-28B polymorphism Pre-treatment predictor of response to antiviral 
treatments

Pre-treatment predictor of response only in Peg-IFN-based 
regimens

ITPA polymorphism Pre-treatment predictive factor of hemolytic anemia 
during ribavirin-based regimen

Indicator of risk/benefit of using ribavirin in a DAA-based 
regimen

Peg-IFN: Pegylated interferon; DAAs: Directly acting antivirals; HCV: Hepatitis C virus; IL: Interleukin.
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to perform and time-saving, has a good sensitivity and 
specificity and is particularly indicated for screening 
large populations.

The recombinant immunoblot assay, used in the 
past as a confirmatory assay of HCV infection, has not 
been recommended since 2013[69]. Subjects found to 
be anti-HCV-positive at screening should be tested 
for HCV RNA, the serum marker of HCV replication 
and current infection. Real-time PCR technologies can 
quantify HCV RNA during the exponential phase of 
amplification, with great sensitivity and a broad linear 
dynamic range (about 10 to 108 IU/mL). The majority 
of the commercial HCV RNA assays used by the clinical 
laboratories are based on the WHO international 
standard for HCV-RNA nucleic acid technology[70] and 
have an excellent specificity (98%-99%)[19].

Testing for HCV RNA should be considered for all 
anti-HCV-positive subjects and among the anti-HCV-
negative for immunocompromised patients and for 
individuals exposed to HCV in the past 6 mo.

Concluding on this point, the high rate of SVR 
obtained by the DAA-based treatments is a further 
stimulus to screen all subjects exposed to HCV 
infection using a sensitive, specific, easy-to-perform 
and time-saving assay.

Assessment of the severity of CHC
The severity of CHC is variable among patients 
and over time in single patients. In most cases the 
disease shows a benign indolent course, but in some 
cases there is a rapid progression to liver cirrhosis, 
hepatocellular carcinoma and to an end-stage liver 
disease[8]. Liver cirrhosis is found in approximately 
20% of patients with HCV-related chronic liver disease, 
associated in its advanced stages with life-threatening 
complications such as ascites, esophageal varice 
hemorrhage and liver failure. Hepatocellular carcinoma 
(HCC) occurs mostly in cirrhotic patients at a rate of 
3%-5% per year[8].

The extent of liver necroinflammation and the 
degree of fibrosis in liver biopsy are considered 
reliable predictors of disease progression[71]. Several 
other investigators considered the stage of fibrosis 
detected in liver biopsy as a key point for the clinical 
management of CHC[72].

Although the liver histology is still considered the 
gold standard to assess the stage of liver fibrosis, 
because of the sides effects of liver biopsy[73-79] 
several surrogate non-invasive methods have been 
introduced. The measurement of liver stiffness by 
transient elastography offers an accredited method 
for the assessment of liver fibrosis[80]. This technique 
involves the use of a transducer on the end of an 
ultrasound probe that transmits 50 MHz pressure 
waves through the liver tissue. The velocity of the 
resulting “shear wave” is measured by ultrasound. The 
shear-wave velocity correlates with liver stiffness, thus 
providing an estimate of liver fibrosis[81,82]. Tsochatzis 

et al[82] performed a meta-analysis including 40 studies 
on numerous patients with chronic hepatitis of various 
etiologies (HBV, HCV, alcohol and other etiologic 
agents) and showed that transient elastography had 
a pooled sensitivity and specificity in diagnosing liver 
cirrhosis of 83% and 89%, respectively.

The ultrasound assay is another well-established 
non-invasive method to diagnose liver cirrhosis. 
The transition to cirrhosis is documented by the 
development of the characteristic coarse or nodular 
patterns in the liver parenchyma, hepatomegaly and 
caudate lobe hypertrophy[83]. Ultrasound can also detect 
the development of portal hypertension by measuring 
the portal vein diameter, velocity of flow and flow 
reversal, ascites and splenomegaly[84], but the sensitivity 
of ultrasound in assessing liver fibrosis is low.

There is no single surrogate test able to predict 
reliably the progression to cirrhosis in each single 
patient. However, high serum ALT levels have been 
associated with a higher risk of fibrosis progression[85-87], 
which, instead, is an uncommon event in patients with 
persistently normal serum ALT[88-91].

Several other non-invasive surrogate biomarkers 
or a combination of biomarkers may be of some help 
in assessing liver fibrosis, such as platelet count, INR 
index, aspartate aminotransferase (AST) serum levels 
and albumin serum concentration. One well-known 
combination of biomarkers that has been extensively 
validated in CHC[92,93] and in non-alcoholic fatty liver 
disease[94] is the so-called APRI test, an acronym for 
AST-platelet ratio index[95]. Also of some interest is 
the Fibrotest (Fibrosure in the United States), which 
includes five biomarkers and 2 clinical parameters[96]: 
a-2 macroglobulin, haptoglobin, total bilirubin, 
apolipoprotien-A, γ-glutamyl transferase, age and 
gender. Using a patented formula, a numerical value 
from 0.0 to 1.0 is obtained, a score correlated with 
the METAVIR fibrosis score in chronic hepatitis of 
different etiologies[92,97,98]. Combining the ALT serum 
value with the panel of biomarkers included in the 
Fibrotest, a new surrogate method to measure liver 
fibrosis was obtained, named Actitest and validated 
to diagnose liver cirrhosis in CHC patients[99]. FIB4 is 
a biomarker panel using age, AST, ALT and platelet 
count[100] validated in HIV/HCV co-infected[101] and 
HCV-monoinfected patients[102].

Concluding on this point, the assessment of liver 
fibrosis is still essential, even in the DAA era, since it 
allows the high-cost DAA treatment to be applied on 
the basis of the severity of liver damage and of the 
presumed speed of disease progression.

Assessment of factors associated with the response to 
anti-viral treatment
In the DAA era, HCV genotypes and subtypes 
remain cornerstones in the management of chronic 
HCV infection, since the rate of response and the 
consequent duration of treatment differ for the various 
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genotypes and subtypes[103]. In fact, considering 
patients with HCV genotype 1 or 4, whether therapy-
naïve or -experienced, the combination of sofosbuvir 
and simeprevir (± ribavirin in non-responders to 
previous treatment) is the regimen of choice for 
subjects with METAVIR fibrosis scores 3 or 4, whereas 
for patients with fibrosis 0-2, optimal results were 
obtained with the combination of Peg-IFN, ribavirin 
and simeprevir[39,40]. Sofosbuvir plus ribavirin has 
been demonstrated to be an optimal combination for 
patients with HCV-genotype 2 or 3, whether therapy-
naïve or -experienced, and the combination sofosbuvir 
plus daclatasvir for patients with HCV genotype 
3[39,40]. In addition, in the simeprevir plus Peg-IFN-
based regimen, it is essential to distinguish between 
patients with HCV sub-genotype 1a and 1b, since 
subtype 1a at times showed a Q80K substitution in the 
NS3 protease sequence, thus entailing a higher rate 
of treatment failure[39,40]. Currently, HCV genotyping 
can be performed by direct DNA sequencing by a bi-
directional sequence where genotype and subtype 
characterization is determined by two fluorescently 
labeled DNA primers or by a commercial line probe 
assay[103].

In the DAA era, the detection of HCV viral load at 
baseline is now of no value in the treatment choice, 
since the anti-viral potency of these drugs controls 
even the highest level of HCV replication. The use of 
this test to monitor treated patients during the follow-
up in order to detect possible reactivation seems good 
clinical practice.

The impact of staging in choosing a treatment 
schedule has decreased in proportion to the increase 
in the antiviral potency of the DAAs. In fact, the 
treatment regimens based on the third-wave DAAs 
achieve HCV eradication in almost all patients, 
regardless of the presence of liver cirrhosis[39,40].

The polymorphisms in the IL28B gene have been 
strongly associated with the spontaneous clearance of 
acute HCV infection and with the response to Peg-IFN 
and RBV combination therapy[104-107]. Their predictive 
value was more evident in difficult-to-treat HCV-
genotype 1 and genotype 4 patients than in those with 
HCV-genotype 2 or 3 infection[108]. The distribution 
of IL28B polymorphisms varies among different 
populations, accounting, at least in part, for the 
ethnic and racial differences in the response to Peg-
IFN plus RBV[107], the CC genotype being a predictor 
of a favorable response. At present, IL-28 genotyping 
has no predictive role in the high-efficacy DAA-based 
regimens[39,40], but might be of some value in settings 
where a Peg-IFN-based regimen might still be used.

Hemolytic anemia is a common side effect of RBV-
based therapy that, although reversible and dose-
related, induced a RBV dose reduction or premature 
treatment withdrawal in more than 15% of the 
cases[109,110]. Fellay et al[111] identified two variants 
(rs1127354 and rs7270101) in the ITPA gene that 

were functionally responsible for ITPA deficiency and 
correlated with the risk of RBV-induced anemia in 
European and American populations. The rs1127354 
variant was associated with protection against anemia 
in other investigations[112-115]. The single nucleotide 
polymorphism (SNP) ITPA has never been associated 
with the treatment outcome[111-115], and in the DAA 
era it can be used only to evaluate the risk/benefit 
of adding ribavirin in some DAA-based regimens for 
patients with a lower rate of SVR, such as cirrhotics or 
previous non-responders.

Concluding on this point, DAA treatment eradicates 
HCV infection in nearly all treated patients, greatly 
reducing the clinical importance of markers previously 
used to predict the response to therapy. In fact, the 
HCV load and the degree of fibrosis do not predict the 
response to DAA therapy, and the polymorphisms in 
the IL28B gene may be useful only for patients with a 
METAVIR score F0-F2 treated with Peg-IFN, ribavirin 
and simeprevir, and the two SNPs in the ITPA gene 
only for those receiving a DAA plus ribavirin.

Instead, the determination of HCV genotype 
and subtype is of clinical value even in the DAA era, 
mandatory to choose the type and duration of therapy.

HCV-RNA kinetics and clearance as markers of 
remission
HCV-RNA clearance persisting 6 mo after therapy (SVR) 
remains a marker of the eradication of chronic HCV 
infection also in the DAA era.

International treatment guidelines[116-118] identified 
some virological predictors of SVR to Peg-IFN + RBV 
treatment: a rapid virological response i.e., HCV-
RNA clearance after 1 mo of therapy, and an early 
virological response, i.e., HCV-RNA clearance after 3 
mo of therapy. Subsequently, a very early predictor 
of SVR to Peg-IFN + RBV was suggested[119,120], i.e., a 
decrease in the HCV load 2 d after the start of therapy. 
These predictors have been used to distinguish with 
good accuracy the patients with a good chance of 
achieving an SVR from those with a very low chance, 
who should discontinue treatment[121].

Compared to Peg-IFN + RBV treatments, the 
DAA-based therapies are more effective and better 
tolerated, but more expensive. The HCV-RNA kinetics 
during DAA treatment have been investigated in a 
limited number of patients and for short periods. 
Simeprevir given alone achieved a median HCV-
RNA reduction of 3.9-log10 IU/mL over the first 3 d 
of treatment, independently of previous treatments 
and HCV genotype[122]. The administration of a single 
dose of 100-mg daclatasvir generated a decline in the 
HCV load of nearly 2-log10 in six hours and of 3.3-log10 
in 24 h[123,124]. In addition, sofosbuvir obtained HCV-
RNA clearance in 88%-94% of patients within the 
fourth week of treatment[125]. These data suggest 
that the determination of the HCV-RNA kinetics is of 
limited value in predicting the SVR in the DAA-based 
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IFN-free treatments, since the majority of treated 
patients[126] achieve this favorable outcome. Several 
studies assessed serum HCV RNA at weeks 2 and 4 of 
treatment[37,127-129] and found that the persistence of 
HCV RNA in serum at these check-points is predictive 
of treatment failure[130].

In Peg-IFN + RBV regimens, the normalization 
of serum aminotransferases has been used as a 
parameter to evaluate the biochemical response[131], 
often associated with an SVR. In recent studies on 
DAA-based treatments, serum aminotransferases 
were no longer used to evaluate the response to 
treatment[37,127-129], since, for reasons unrelated to HCV 
replication (presence of liver steatosis or consumption 
of alcohol or other drugs known to be hepatotoxic), 
they may remain elevated even in SVR patients. In 
addition, an increase in the aminotransferase serum 
values may occur in some patients during treatment, 
an event to be monitored carefully because therapy 
discontinuation may be necessary[128]. At present, no 
other biochemical parameter has been associated with 
the SVR or with the need to discontinue therapy[132].

Concluding on this point, monitoring the HCV-RNA 
kinetics during DAA treatment seems good clinical 
practice and may help to identify early on the patients 
with a lesser chance of eradicating HCV chronic 
infection. Due to the ability of HCV to replicate not only 
in hepatocytes, but also in lymphocytes and possibly 
in other cell subsets, a reactivation of HCV replication 
in patients who had achieved an SVR cannot be 
excluded, and monitoring the HCV-RNA kinetics during 
the post-treatment follow-up can identify these cases.

CONCLUSION
The eradication of HCV infection in nearly all patients 
treated with the second- or third-wave DAAs and a 
more extensive use of these treatments in the near 
future will significantly contribute to curbing the spread 
of HCV infection and to reducing its related morbidity 
and mortality. At present, there is a strong stimulus for 
an early diagnosis of AHC, which can almost certainly 
be cured with a short-term DAA-based regimen, 
and for screening subjects with a history of previous 
exposure to HCV. Because of the high efficacy of 
the DAA treatments, the majority of the predictors 
of response to therapy will become obsolete. In 
particular, the degree of liver fibrosis does not predict 
the response to DAA therapy and its determination 
remains essential only to assess the priority for the 
high-cost DAA treatments based on disease severity 
and progression. Instead, the determination of HCV 
genotype and subtype remain essential in order to 
choose the type and duration of DAA treatment.

Monitoring the HCV-RNA kinetics during DAA treat-
ment and post-treatment follow-up seems good 
inexpensive clinical practice, useful for an early 
identification of patients with a lesser chance of HCV 
eradication and of those prone to reactivation.
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Abstract
Liver transplant candidates and recipients with hepatitis 
C virus (HCV)-related liver disease greatly benefit from 
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an effective antiviral therapy. The achievement of a 
sustained virological response before transplantation 
can prevent the recurrence of post-transplant HCV 
disease that occurs universally and correlates with 
enhanced progression to graft cirrhosis. Previous 
standard-of-care regimens (e.g. , pegylated-interferon 
plus ribavirin with or without first generation protease 
inhibitors, boceprevir and telaprevir) displayed 
suboptimal results and poor tolerance in liver transplant 
recipients. A new class of potent direct-acting antiviral 
agents (DAA) characterized by all-oral regimens with 
minimal side effects has been approved and included 
in the recent guidelines for the treatment of liver 
transplant recipients with recurrent HCV disease. 
Association of sofosbuvir with ribavirin and/or ledipasvir 
is recommended in liver transplant recipients and 
patients with decompensated cirrhosis. Other regimens 
include simeprevir, daclatasvir, and combination of 
other DAA. Possible interactions should be monitored, 
especially in coinfected human immunodeficiency virus/
HCV patients receiving antiretrovirals.

Key words: Hepatitis C virus; Direct antiviral agents; 
Liver transplantation 

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Until recently, a well-tolerated and effective 
treatment protocol to address the recurrence of 
hepatitis C virus (HCV) infection following liver 
transplantation has been an important unmet clinical 
need. Safe and effective treatment options are now 
available thanks to the approval of new classes of 
direct antiviral agents. The aim of this review was to 
summarize the outcome of previous treatments and 
discuss the impact of current options for the treatment 
of HCV among liver transplantation candidates and 
recipients, including coinfected human immuno-
deficiency virus/HCV patients.
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INTRODUCTION
An estimated 130 to 170 million people are infected 
with hepatitis C virus (HCV) worldwide, and an 
additional 3 to 4 million are newly infected each year[1]. 
The epidemiology and burden of HCV infection vary 
geographically, with prevalence rates ranging from < 
1% to > 10%[2]. Overall, around 25% of all cases of 
cirrhosis and HCC are related to HCV, with significantly 
higher rates among countries that have a high 
prevalence of the disease[3]. Chronic HCV infection is 
associated with substantial mortality, with over 350000 
deaths per year attributed to HCV-related cirrhosis and 
hepatocellular carcinoma (HCC)[4-6]. The development 
of cirrhosis and HCC due to HCV infection represents 
the most common indication for liver transplantation 
(LT) in the United States, accounting for around 
40% of all cases on the United States waiting list[7]. 
Furthermore, projections have identified a constant 
increase in the number of patients with HCV-related 
end-stage liver disease (ESLD) who will be listed for LT 
over the next 10 years[8,9]. In this patient population, 
transplantation is an effective treatment to reduce 
morbidity and mortality. HCV recurrence, however, 
is universal in liver transplant recipients (LTR). Since 
HCV disease is associated with accelerated graft loss 
and diminished patient survival, the availability of a 
safe and efficacious therapy is essential among LTR[10]. 
For this group of patients, the real challenge for HCV 
treatment starts after LT.

In the past, the use of HCV treatments including 
pegylated interferon (Peg-INF) and ribavirin (RBV), 
either alone or in association with first generation 
protease inhibitors (PI) such as telaprevir or boceprevir, 
was limited by suboptimal viral responses, drug-drug 
interactions, and the occurrence of severe side effects, 
some of which have caused graft loss or have been 
fatal[11]. The approval of highly effective new molecules 
(i.e., new wave NS3-4A PI, nucleotide analogues, 
NS5A inhibitors) has revolutionized the scenario for 
the treatment of HCV infection. Goals of the new anti-
HCV drugs include outcome improval, reduction of 
side effects and drug-drug interactions, and regimen 
simplification. As summarized in Table 1, newly anti-
HCV drugs are expected to optimize the treatment 
before LT, allowing patients to undergo transplantation 
with undetectable HCV viral load, and after LT, 
offering safe and broadly effective options to prevent 
recurrence of HCV infection.

To keep pace with the newest discoveries in the 

field of HCV treatment, the Infectious Diseases Society 
of America (IDSA) and the American Association for 
the Study of Liver Diseases (AASLD), in collaboration 
with the International Antiviral Society-United States 
(IAS-United States), created a website that allows to 
access updated, evidence-based recommendations for 
the management of HCV[12]. 

ANTI-HCV DRUGS: OLDER AND 
NEWER OPTIONS FOR PATIENTS WITH 
ADVANCED LIVER DISEASE
The goal of treatment in HCV infected individuals 
is the achievement of virologic cure (or sustained 
virological response, SVR), defined as the absence of 
detectable levels of HCV RNA (e.g., ≤ 25 IU/mL with 
an FDA approved nucleic acid test) at least 12 wk after 
completion of therapy (SVR12). In more than 99% 
of patients, SVR12 has been shown to be durable 
for 5 years or more[13]. Successful HCV treatment 
dramatically decreases hepatic decompensation 
events, HCC incidence, and liver-related mortality[14]. 
Furthermore, it has been demonstrated that patients 
with advanced fibrosis who achieve SVR have a 
decreased need for LT compared with patients who 
do not attain SVR[15]. Thus, prompt HCV treatment 
is prioritized for advanced liver disease, and urgent 
initiation is advocated in patients with severe 
extrahepatic HCV disease, significant fibrosis (Metavir 
F3-F4), decompensated cirrhosis (Child-Turcotte-Pugh 
B and C), and candidates or recipients of LT[16].

Interferon-ribavirin combination
Until recently, the combination of IFN or Peg-IFN and 
RBV has been considered the treatment of choice for 
patients with chronic HCV, including those progressing 
to cirrhosis. With this regimen, SVR can be achieved 
in 30%-40% and 70%-90% of patients with HCV 
genotype 1 vs genotypes 2 or 3, respectively[17-19]. 
Over the past two decades, modest efficacy along with 
a high incidence of serious adverse events (SAE) have 
characterized this treatment; furthermore, Peg-INF/
RBV optimal timing, dose, and duration in difficult-to-
treat populations requiring urgent treatment, such as 
patients with ESLD, have never been clearly defined. 

Boceprevir and telaprevir
In 2011, the first generation of direct-acting antivirals 
(DAA), boceprevir (BOC) and telaprevir (TVR), was 
approved for patients with genotype 1 HCV disease. 
BOC is a keto-amide serine PI that reversibly binds to 
the HCV nonstructural 3 (NS3) active site; TVR inhibits 
the NS3/4A HCV protease[20,21]. SVR with PI-based 
triple therapy (e.g., association of a PI with Peg-IFN/
RBV) reached 68%-75% in naïve and 59%-88% in 
experienced patients[22-25]. Due to the improved rate 
of SVR attainment for genotype 1 patients, the use of 
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BOC and TVR was initially included as standard-of-care 
for HCV infection[26]. However, these drugs still had 
to be associated with Peg-IFN/RBV and required long 
treatment duration (24-48 wk), causing an increase in 
treatment burden and side effects. For these reasons, 
BOC use is no more recommended and TVR has been 
removed from the market due to the development of 
more effective compounds[27,28]. 

DAA
More recently, clinical trials have shown revolutionary 
results in the treatment of HCV with the use of 
new DAA and their combination products, with and 
without Peg-IFN. Due to elevated SVR, good safety 
profiles, and once to twice daily administration, these 
compounds have now been incorporated into the 
AASLD/IDSA recommendations[12]. 

In December 2013, the United States Food and 
Drug Administration (FDA) approved sofosbuvir (SOF), 
a nucleotide polymerase inhibitor of NS5B targeting 
HCV-RNA replication[29]. SOF is metabolized in its active 
form that competes with the uridine triphosphate for 
incorporation into the growing HCV-RNA by the non-
structural protein 5B (NS5B) polymerase, acting as a 
chain terminator[30]. Since the NS5B active site is highly 
conserved across HCV genotypes, SOF displays a pan-
genotypic efficacy[31]. The administration of SOF 400 
mg once daily (OD) for 12 wk has been associated with 
rapid decrease of HCV-RNA and SVR above 85%, either 
in combination with Peg-IFN/RBV or with RBV alone as 
part of an IFN-free regimen[32,33]. Safety data has been 
promising also in advanced, decompensated cirrhosis 
showing discontinuation rates below 2% and few 
SAE[34]. Furthermore, low drug-drug interactions have 
been observed and no dose adjustments were required 
in patients with hepatic impairment[35]. Simeprevir 
(SMV, 150 mg OD), a second wave NS3/4A protease 
inhibitor, has been approved for use in combination 
with Peg-IFN/RBV in 2013 and, in November 2014, 
for the treatment of HCV genotype 1 in combination 
with SOF. IFN-free regimens containing SMV were 
also well-tolerated and showed overall SVR12 above 
90%[36]. The association of ledipasvir (LDV, 90 mg OD), 
a NS5A inhibitor, with SOF was approved by the FDA 

in November 2014 based on the results of large phase 
3 multicenter, open-label, randomized clinical trials 
showing SVR between 93% and 99%[37,38]. A four-
drug, twice daily combination regimen, consisting of 
75 mg of paritaprevir (a NS3/4A protease inhibitor), 
50 mg of ritonavir (a CYP3A inhibitor, used as a 
pharmacologic booster), and 12.5 mg of ombitasvir (a 
NS5A inhibitor), packaged with two 250 mg dasabuvir 
(a non-nucleoside NS5B polymerase inhibitor) tablets 
has also been approved by the FDA and studied in 
combination with RBV for genotype 1 patients[39-41]. 
Daclatasvir (DCV, 60 mg OD), a pan-genotypic NS5A 
inhibitor, was approved in Europe in August 2014 and is 
currently used in combination with other DAA in various 
countries[16].

DAA therapy in patients with cirrhosis
Although characterized by ground-breaking results, 
recent trials have underrepresented the populations 
traditionally associated with poorer treatment 
outcomes, including patients with advanced liver 
fibrosis. Nevertheless, encouraging results seem to 
emerge from reports comprising “real world” data 
collected from several institutions. Table 2 summarizes 
the outcome of the most representative clinical trials 
including cirrhotic patients treated with DAA.

SVR > 50% have been reported among cirrhotic 
patients treated with SOF/RBV although, in genotype 
3 patients receiving 12-wk regimens, cirrhosis was 
associated with limited responses[33,42]. LDV/SOF, with 
or without RBV (± RBV), has shown excellent SVR 
and low adverse effects in patients with cirrhosis[43,44]. 
A post-hoc analysis of data from seven clinical trials 
including 513 patients with genotype 1 HCV and 
compensated cirrhosis receiving LDV/SOF for 12 or 
24 wk ± RBV showed SVR12 of 98% and 95% for 
treatment-naïve and previously treated patients, 
respectively. Results were similar in patients receiving 
RBV compared to RBV-free regimens, except 
among previously treated patients who showed the 
lowest SVR (90%) in the arm without RBV. SAE and 
discontinuation rates were in the range of 1%-2%[45]. 
Recently, the results of SOF/SMV ± RBV regimens 
in a heterogeneous cohort of 995 patients including 
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Table 1  Expected benefits of new treatments for hepatitis C virus infection

Target population Main objectives Outcome

General population with chronic 
HCV infection

Achieve excellent SVR rates for all genotypes, reduce side effects, 
shorten treatment duration, simplify regimen schedules

Reduced ESLD incidence and indication for 
LT 

Patients on LT waiting list Achieve pre-transplant undetectable HCV-RNA; improve MELD 
scores

Reduced post-LT HCV recurrence; improved 
clinical conditions

Recipients of LT with HCV recurrence Increase SVR rates, reduce side effects and dropouts, decrease 
drug-drug interactions, simplify regimen schedules

Increased patients and grafts survival

HIV/HCV-coinfected patients and 
coinfected LT recipients

Increase SVR rates, reduce side effects and dropouts, decrease 
drug-drug interactions, simplify regimen schedules

Increased patients and grafts survival

HCV: Hepatitis C virus; SVR: Sustained virological response; ESLD: End stage liver disease; LT: Liver transplant; MELD: Model for end-stage liver disease; 
HIV: Human immunodeficiency virus.
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100-fold greater than the mean pre-LT months around 
one year after LT[54]. Histologic progression of HCV 
during immunosuppressive therapy is more rapid 
than that in nontransplant patients, probably due 
to a compromised virus-specific T-helper subtype 1 
(TH1) CD4 immune response[55]. Liver biopsies are 
currently the most effective method to diagnose and 
differentiate HCV disease, showing good sensitivity 
starting from 3 mo after LT[51]. In earlier stages, 
histological differentiation between HCV disease, 
reperfusion injury, and rejection can be challenging. 
A small proportion of patients (4%-7%) develop 
fibrosing cholestatic hepatitis (FCH), an accelerated 
course of liver injury associated with very high levels 
of viremia, rapid allograft failure, and poor response to 
therapy due to direct cytotoxic damage favored by a 
lack of specific anti-HCV response along with increased 
TH2 cytokine expression[56]. Following graft infection, 
chronic HCV disease develops in 75% to 90% of 
patients. Evolution towards cirrhosis is reported 5% to 
30% of cases within 5 years and up to 40% within 10 
years compared to 20 years in the nontransplantation 
setting[57-59]. HCV-associated graft failure represents the 
most common cause of graft loss and patient mortality 
in HCV-infected recipients, occurring in approximately 
10% of LT recipients within 5 years[60]. Overall, survival 
of patients and grafts with recurrent post-LT HCV 
infection is lower compared to patients receiving LT 
for other indications[57,61]. Various risk factors have 
been associated with unfavorable outcomes in HCV-
infected recipients. Some of them, such as prolonged 
cold ischemia time, advanced donor age, CMV 
hepatitis, treatment for acute rejection (e.g., steroid 
bolus or monoclonal antibody OKT3), development 
of postoperative insulin resistance diabetes mellitus 
or metabolic syndrome are potentially modifiable and 
should be either carefully evaluated in the process of 
donor selection or monitored in the post-LT[10,62-64]. 

30% of patients with cirrhosis were compared with 
SOF/PEG/RBV and SOF/RBV[46]. In the group of 
patients with genotype 1 and previously treated 
for HCV, a significant difference in SVR was noted 
between patients without cirrhosis vs patients with 
cirrhosis, with better results for SOF/SIM ± RBV (84% 
vs 65%, respectively) compared to SOF/Peg-IFN/RBV 
(94% vs 80%, respectively). Overall, discontinuation 
rates around 5% were noted. Other promising DAA 
combinations include grazoprevir (MK-5172) and 
elbasvir (MK-8742), showing high SVR12 at 12 wk 
among patients with genotype 1 and cirrhosis with 
and without RBV (90% and 97%, respectively)[47]. 
MK-5172/MK-8742 combination has recently also 
been tested among patients with advanced chronic 
kidney disease, showing SVR12 of 99%[48]. The 3DAA 
combination of DCV with asunaprevir (NS3 protease 
inhibitor) and BMS-791325 (non-nucleoside NS5B 
inhibitor) was studied in patients with HCV genotype 
1 infection and compensated cirrhosis. SVR were 87% 
and 93% in experienced patients treated with and 
without RBV, respectively[49].

IMPACT OF RECURRENT HCV INFECTION 
AFTER LIVER TRANSPLANTATION
Patients showing detectable HCV-RNA levels at 
transplantation universally experience recurrent 
postoperative HCV infection[50]. Reinfection likely 
occurs during graft reperfusion via circulating virions 
or infected mononuclear cells, and it is documented as 
detection of HCV-RNA in serum or in the allograft itself. 
HCV-RNA can be present as early as 48 h post-LT, 
with expression of HCV antigens on the hepatocytes 
from postoperative day 10[51-53]. Post-transplant HCV 
kinetics has shown that serum HCV-RNA levels reach 
pre-LT titers usually within day 4, then increase 
and peak around month 3, attaining levels 10- to 
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Table 2  Sustained virological response among recent clinical trials of new treatment regimens for hepatitis C virus including patients 
with cirrhosis

Ref. Trial Population Drug Overall SVR12 SVR12 in cirrhosis

Jacobson et al[143], 2014 Fusion G2, G3 experienced SOF/RBV 12 vs 16 wk G2 86% vs 94% G2 60% vs 78%
34% cirrhotic G3 62% vs 30% G3 19% vs 61%

Lawitz et al[33], 2015 Fission G2, G3 naïve SOF/RBV 12 wk vs Peg-IFN/
RBV 24 wk

G2 97% vs 78% G2 92% vs 62%
20% cirrhosis G3 56% vs 63% G3 30% vs 34%

Jacobson et al[143], 2014 Positron G2, G3 naïve and experienced 
IFN ineligible

SOF/RBV G2 93%, G3 61% G2 92%, G3 21%

Zeuzem et al[144], 2014 Valence G3 extended 24 wk 21% cirrhosis SOF/RBV G2 94%, G3 91% G2 82%, G3 68%
Lawitz et al[42], 2015 Lonestar-2 G 2 and 3 SOF/RBV/Peg-IFN G2 96%, G3 83% G2 93%, G3 83%
Bourliere et al[43], 2015 Sirius G1 with compensated cirrhosis, 

NR previous treatment
SOF/LDV 24 wk vs SOF/

LDV/RBV 12 wk
N/A 97% vs 96%

Lawitz et al[36], 2014 Cosmos G1 NR, 52% F3-F4 SOF/SMV ± RBV 12 or 24 wk 92% 94%
Gane et al[114], 2014 Electron Ⅱ G1 naïve, experienced and 

decompensated, G3 naïve, 15% 
cirrhosis

LDV/RBV 12 wk G1 100%, G3 64% G1 65%

Peg-IFN: Pegylated interferon; RBV: Ribavirin; SVR12: Sustained virological response; G: Genotype; LDV: Ledipasvir; SOF: Sofosbuvir; SMV: Simeprevir; 
NR: Non responder.
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Other risk factors include high preoperative model 
for end-stage liver disease (MELD) score, fibrosis 
stage ≥ 2 at 12-mo biopsy, recipient IL28B TT 
genotype, and history of HCC[10,50,65-68]. Marked, 
transient hyperbilirubinemia has been associated with 
allograft cirrhosis in HCV-infected LT recipients[69]. 
Among virological factors, high pretransplantation 
HCV-RNA titers (> 1 mEq/mL) have been strongly 
related with severe recurrent HCV. Patients with lower 
pretransplantation HCV RNA had 5-year survival of 
84% compared to 57% of patients with higher HCV 
RNA titer (p < 0.0001)[70]. Interestingly, neither viral 
genotype nor elevated post-LT viral titers have been 
found to be reliable predictors of outcome. At best, the 
most effective way to prevent HCV recurrence is the 
eradication of HCV prior to LT.

ANTIVIRAL THERAPY IN RECURRENT 
HCV INFECTION
HCV infection treatment: Before or after liver 
transplantation?
The likelihood of SVR diminishes with increasing severity 
of liver disease. In patients with cirrhosis, SVR rates are 
reduced compared to non-cirrhotic patients, ranging 
between 40%-50% for Child-Turcotte-Pugh (CTP) 
class A and being as low as 7%-26% for CTP class C 
patients treated with Peg-IFN/RBV[17-19,71]. Genotype 1 
and 4 patients with cirrhosis showed lower treatment 
responses compared with genotype 2 and 3 patients 
(33% vs 57%, respectively)[71]. Factors such as poor 
tolerability, dose reductions, and therapy discontinuation 
have a significant impact on therapy outcomes in this 
patient population[72]. IFN-based treatment is generally 
poorly tolerated and can be associated with severe 
infections and liver decompensation; overall, up to a 
third of patients is reported to discontinue the treatment 
because of adverse events[72]. Nevertheless, the 
evidence that high HCV-RNA levels at transplantation 
correlate with rapid, clinically evident recurrence of 
post-transplantation HCV disease supports the attempt 
of an aggressive pre-transplantation treatment[10]. 
IFN is contraindicated in patients with decompensated 
cirrhosis; selected patients listed for LT showing compen-
sated or mildly decompensated liver disease, however, 
have been previously considered for treatment with 

Peg-IFN/RBV ± TPV or BOC. A significant portion of LT 
candidate often present advanced ESLD or absolute 
contraindications to IFN-based therapy, requiring to 
delay HCV treatment after transplant. With the recent 
introduction of new DAA, successful treatment of 
patients on transplant waiting list seems possible. In this 
group, a reduction in MELD score caused by the positive 
impact of the treatment on liver decompensation 
can potentially lead to patient delisting, therefore 
lowering the proportion of waiting list registrants for 
transplantation due to HCV-related ESLD. 

Post-LT treatment is generally started following the 
12-mo liver biopsy if histologic severity reaches grade 
3 or 4 inflammation or stage 2 or higher of fibrosis. 
Irrespective of grade and stage, cholestatic hepatitis 
is usually an indication for treatment[10]. Treatment of 
post-LT recurrent HCV disease is limited by moderate 
SVR, potential drug-drug interactions, and toxicity. In 
this cohort, as in the pre-transplant group, new anti-
HCV therapies can provide substantial improvements 
in terms of efficacy and safety. Aims, advantages and 
disadvantages of the pre-LT and post-LT approaches 
are reported in Table 3.

Treatment before liver transplantation
The treatment of patients with decompensated 
cirrhosis is problematic due to coexisting leukopenia, 
thrombocytopenia, and other manifestations of ESLD 
that cause poor drug tolerance, often requiring the use 
of grow factors and transfusions[73]. In the registration 
trials for Peg-IFN/RBV, SVR rates were 5% to 15% 
lower in patients with advanced fibrosis or cirrhosis 
compared to patients who did not present advanced 
liver disease[17,18]. Various non-randomized studies 
have investigated the efficacy of diverse IFN or Peg-
IFN-based regimens in HCV-infected patients candidate 
to LT (Table 4). A study using increasing doses of IFN 
and RBV based on tolerability demonstrated SVR only 
in 13% of patients with HCV genotype 1. Predictors 
of SVR were non-1 genotype, CTP class A for patients 
with genotype 1, and ability to tolerate full dose and 
treatment completion[74]. Other reports showed rates 
of HCV-RNA suppression in patients with advanced 
liver disease around 20%-30%[75-78]. More recently, 
Everson et al[79] conducted a randomized, controlled 
trial to test the efficacy and safety of Peg-IFN/RBV, 
both escalated as tolerated, to prevent post-transplant 
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Table 3  Pros and cons of hepatitis C virus treatment before and after liver transplant

Before LT After LT

Aim Prevention of HCV recurrence Treatment of HCV recurrence
Advantages Undetectable HCV-RNA at transplantation correlates with low rates of post-LT HCV 

recurrence
Increased tolerance to treatment

Disadvantages Low eligibility due to compromised baseline conditions High rates of adverse effects
High rates of serious side effects and discontinuation rates Moderate SVR rates

Low SVR rates Drug-drug interactions

HCV: Hepatitis C virus; LT: Liver transplant; SVR: Sustained virological response.
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HCV recurrence in patients listed for LT. Overall, 
22% of patients with genotype 1, 4 or 6 and 29% of 
patients with genotype 2 or 3 obtained SVR12. Among 
patients completing at least 16 wk of treatment, 
SVR rates reached 50%. In conclusion, IFN-based 
regimens obtained poor SVR among patients listed for 
LT, mainly due to an intrinsic reduced response along 
with a low rate of treatment completion. DAA triple 
therapy showed increased SVR in a study including 29 
patients with low MELD scores but high rates (66%) 
of prior non-responders. The majority of patients were 
treated with Peg-IFN/RBV/TVR. Patients on waiting list 
had SVR of 41% and patients undergoing LT showed 
SVR of 67%. Despite demonstrating considerably 
higher SVR rates compared to Peg-IFN/RBV, the 
use of BOC or TPV was associated with increased 
SAE and a high pill burden[11]. As shown in Table 4, 
encouraging results have been displayed by IFN-free 
HCV regimens. Osinusi et al[80] administered SOF in 
combination with either weight-based (n = 24) or low-
dose (600 mg daily) RBV for 24 wk to 28 genotype 1 
patients, including those with advanced fibrosis. SOF/
RBV combination resulted in 50% and 29% SVR in 
weight-based and low-dose RBV groups, respectively 
(difference not significant). Advanced liver fibrosis and 
high HCV RNA at baseline were identified as predictors 
of relapse. Neither discontinuation nor SAE were 
registered. SOF/RBV combination was also used in a 
phase 2 study to treat 61 patients (73% with genotype 
1 and 75% previously treated for HCV) waitlisted to 
undergo LT for HCC. Overall, 49% of treated patients 

has post-LT SVR; among those who had undetectable 
HCV-RNA at transplantation, 70% achieve SVR[81]. 
A number of days of undetectable HCV RNA level 
pretransplant > 30 was significantly associated with 
SVR12. 

IFN-free, DAA combination therapies have shown 
the highest rates of SVR among patients with advanced 
liver disease previously treated for HCV. Cure rates 
close to 90% in patients with decompensated cirrhosis 
were reported among 108 patients receiving LDV/
SOF/RBV for 12 or 24 wk[82]. Of note, a substantial 
improvement of liver synthesis function of the patients 
with successful HCV therapy was documented by an 
improvement in MELD score. Nevertheless, despite 
achieving SVR, liver disease continued to progress in 
some patients. Although no current data is available 
in patients with decompensated cirrhosis treated with 
LDV/SOF without RBV, promising results have been 
achieved in patients with compensated cirrhosis, 
including those previously treated with SOF[83,84].

Various IFN-free, DAA combination trials are 
currently ongoing in patients with decompensated 
cirrhosis[85,86]. A recent trial included patients with 
advanced cirrhosis and post-liver transplant HCV 
recurrence treated with DCV/SOF/RBV for 12 wk. In 
the cirrhosis cohort, genotype 1 patients achieved 
overall SVR of 82% (92%, 91% and 50% in CTP A, B, 
and C, respectively[87].

Current recommendations for the treatment of 
LT candidates with decompensated cirrhosis include 
LDV/SOF/RBV for genotype 1 administered for 12 wk 
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Table 4  Outcome of pre-transplant hepatitis C virus therapy in studies with different regimens

Ref. Population n Treatment regimen Outcome Adverse effects

Everson et al[74], 2005 63% decompensated 
cirrhosis  (MELD 11 ± 3.7)

124 IFN (5 MU 3/wk) or Peg-IFN (0.75 
μg/kg per week)/RBV (600 mg/d 

escalated)

SVR 13% (G1), 
50% (other genotypes) 53% 

relapse 29% completed 
course

13% discontinuations 
and SAE (2 deaths)

Crippin et al[75], 2002 LT waiting list   15 IFN (3 MU 3/wk or 1 MU/d) ± RBV 
400 bid

SVR 33% 1.3 SAE/patient 
(one death)

Forns et al[145], 2003 LT waiting list   30 IFN (3 MU/d)/RBV 800 mg/d SVR 20% 
(3 relapse after LT)

63% dose reduction

Thomas et al[76], 2003 LT waiting list   21 IFN (5 MU/d) SVR 20% 
(8 relapse after LT)

No SAE

Carrión et al[78], 2009 LT waiting list   51 Peg-IFN/RBV SVR 20% 39% bacterial infections
Everson et al[79], 2013 LT waiting list   59 Peg-IFN/RBV 

(from 0.75 μg/kg per week and 600 
mg/d escalated)

SVR12 22% (G 1-4), 
29% (G 2-3), 

50% if > 16 wk

68% 
(2.7 SAE/patient)

Verna et al[11], 2015 LT waiting list   29 PI-based triple therapy 
(93% TVR, 7% BOC)

SVR 52% 31% SAE; one death 
28% hospitalizations

Curry et al[81], 2015 LT waiting list for HCC 
(CTP < 7) 

  43 Sofosbuvir 400/d plus RBV 
1000-1200 up to 48 wk

SVR pre-LT  maintained in 
69% LT

18% SAE 
2 discontinuation

Charlton et al[82], 2015 Decompensated cirrhosis 108 LDV/SOF/RBV (600 mg/d 
escalating) 12 vs 24 wk

SVR 87% vs 89%, 
CTP B 87% vs 89%, 
CTP C 86% vs 87%

26% SAE 
3 discontinuation

Poordad et al[85], 2015 Advanced cirrhosis 
(70% CTP B-C)

  60 DCV/SOF/RBV 12 wk SVR 83%, CTP A 91%, CTP 
B 92%, CTP C 50%

No SAE

LT: Liver transplant; HCC: Hepatocellular carcinoma; CTP: Child-Turcotte-Pugh; IFN: Interferon; Peg-IFN: Pegylated interferon; RBV: Ribavirin; SVR: 
Sustained virological response; G: Genotype; SAE: Serious adverse effects; MELD: Model for End-Stage Liver Disease; PI: Protease inhibitor; TVR: 
Telaprevir; BOC: Boceprevir; LDV: Ledipasvir; SOF: Sofosbuvir; DCV: Daclatasvir.
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(or 24 wk if RBV intolerant or previous SOF therapy), 
SOF/RBV for 48 wk in genotypes 2 and 3 and DCV/
SOF/RBV for 12 wk for all genotypes[16,85].

HCV treatment after LT
The achievement of SVR in recurrent HCV infection 
after LT is associated with stabilization of fibrosis and 
improved graft survival. In this setting, however, poor 
therapy tolerability represents an important limitation. 
Some studies have explored the effects of early or 
pre-emptive treatment, starting anti-HCV therapy 
immediately after LT in patients who may tolerate it, 
such as HCC patients with low MELD[88]. The rationale 
for this approach is to act at a time when HCV-RNA is 
low and histologic damage is virtually absent[89]. Among 
living donor recipients, in particular, the treatment 
could be easily planned and has shown encouraging 
results[88]. Overall, the success of this strategy was 
limited by low SVR and high rates of discontinuation, 
while the effective impact on patients’ survival has not 
been clearly proven[90,91]. In the treatment of clinically 
evident disease, non-controlled studies including 
patients with recurrent HCV infection showed SVR 
rates ranging from 26% to 50% for Peg-IFN/RBV 
therapy (Table 5)[92-101]. When initiated at the early 
stages of HCV recurrence (F0-F2), an advantage of 
Peg-IFN/RBV treatment was demonstrated, showing 
SVR around 50%; however, the possible increased 

risk of rejection was not defined[77]. Similarly to 
nontransplant patients, factors associated with SVR 
among LTR included low pretreatment HCV RNA levels, 
absence of advanced cirrhosis, having a genotype 
other than 1, and early virological response[93]. A 
systematic review encompassing 38 studies showed 
overall SVR of 24% for standard IFN and 27% for 
Peg-IFN/RBV, with discontinuation rates of 24% and 
26%, respectively[102]. Similarly to LT candidates, PI-
based triple therapy in HCV-infected LT recipients was 
initially deemed as a combination that would have 
drastically increased the rates of SVR. Nevertheless, 
this treatment did not meet the expectations, showing 
suboptimal efficacy counterbalanced by high SAE rates 
and challenges in managing drug-drug interactions 
between PI and calcineurin inhibitors (CNI), particularly 
tacrolimus[103-106]. Overall, anemia, infection rates, and 
liver decompensation have significantly limited this 
therapeutic approach in LTR[107-109].

2014 AASLD recommendations
A multicenter study has shown SVR of 70% among 
40 LTR with compensated HCV disease treated with 
SOF/RBV for 24 wk[110]. There were no deaths, graft 
losses or episodes of liver decompensation among 
post-liver transplantation patients, and no drug-
drug interactions were reported between SOF and 
immunosuppressive agents. Among 92 patients with 
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Table 5  Anti-hepatitis C virus therapy in liver transplant recipients with recurrent hepatitis C virus infection: Outcome of main 
studies from the past 10 years

Ref. Population n Treatment regimen SVR Adverse effects

Interferon (IFN) or pegylated interferon (Peg-IFN) plus ribavirin (RBV) regimens
   Fernández et al[95], 2006 LTR with recurrent HCV   47 Peg-IFN/RBV 23% 21% SAE
   Carrión et al[77], 2008 LTR with mild recurrence (F0-F2)   27 Peg-IFN/RBV 48% 56% discontinuation
   Berenguer et al[92], 2008 LTR with recurrent HCV   89 IFN/RBV vs Peg-IFN/RBV 16% vs 48% 20% decompensation; 

15% deaths
   Hanouneh et al[93], 2008 LTR with recurrent HCV   53 Peg-IFN/RBV 35% 23% SAE
   Ueda et al[146], 2010 LTR with recurrent HCV (G1)   34 Peg-IFN alfa-2b + RBV 50% 18% discontinuation
DAA triple therapy with Peg-IFN/RBV plus boceprevir (BOC) or telaprevir (TVR)
   Verna et al[109], 2015 Advanced fibrosis (F > 3) and 9 

FCH
  49 Peg-IFN/RBV/TVR or 

BOC
51% AF 44% CH 22% AF and 33% CH 

decompensation 
   Pungpapong et al[108], 2013 LTR with recurrent HCV   60 Peg-IFN/RBV/TVR (35) 

or BOC (25)
67% TVR 45% BOC 12% decompensation, 

2 deaths
   Coilly et al[107], 2014 LTR with recurrent HCV   37 Peg-IFN/RBV/TVR (19) 

or BOC (18)
20% TVR 71% BOC 14% SAE, 27% infection, 

3 deaths
IFN-free DAA regimens
   Forns et al[111], 2015 Post-LT decompensated 

cirrhosis and FCH
  92 SOF/RBV ± Peg-IFN 24-48 

wk
59% 46% SAE

   Charlton et al[110], 2015 LTR with recurrent HCV   40 SOF/RBV 24 wk 70% No SAE
   Reddy et al[44], 2015 Post LT recurrence 

(121 CPT B and C)
223 LDV/SOF/RBV 12 vs 24 

wk
94% (60% CTP C) 4% SAE, 

3% discontinuation
   Gutierrez et al[118], 2015 Post LT recurrence   61 SOF/SMV ± RBV 93% No SAE
   Pungpapong et al[119], 2015 Post LT recurrence 123 SOF/SMV ± RBV 90% 1 death possibly related to 

treatment
   Kwo et al[103], 2014 Post LT recurrence (G1)   34 Paritaprevir/r/Ombitasvir 

and Dasabuvir/RBV
97% 1 discontinuation

   Poordad et al[85], 2015 Post LT recurrence   53 DCV/SOF/RBV 12 wk 94% 1 discontinuation (SVR); 
no SAE

LTR: Liver transplant recipients; SVR: Sustained virological response; CTP: Child-Turcotte-Pugh; SAE: Serious adverse event; FCH: Fibrosing cholestatic 
hepatitis; SOF: Sofosbuvir; SMV: Simeprevir; LDV: Ledipasvir; r: Ritonavir; DCV: Daclatasvir.
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severe HCV disease, including liver decompensation, 
SOF compassionate use program (in association with 
RBV ± Peg-IFN) showed SVR12 of 59%; higher SVR 
(73%) were shown in patients treated for early severe 
recurrence[111]. Based on these results, combination 
treatments containing SOF are currently included 
in the 2014 AASLD recommendations for patients 
who develop recurrent HCV infection post-LT (Table 
6)[112]. DAA combination therapy with LDP/SOF/RBV is 
indicated for patients with genotype 1 and 4, including 
those previously treated for HCV and patients with 
decompensated cirrhosis (with reduced RBV dose). 
The efficacy of this regimen was assessed in a large, 
multicenter, randomized controlled trial showing high 
rates of SVR irrespective of the treatment duration (12 
wk vs 24 wk) along with improvements in MELD score, 
albumin and bilirubin[113]. The study included 223 LTR 
with a wide spectrum of histologic and clinical severity 
of HCV recurrence. Thirty-seven/44 (84%) CTP B and 
5/8 (63%) CTP C patients achieved SVR12, compared 
to 97% of patients with F0-F2 and compensated 
cirrhosis. Overall, 8 treatment-related SAE were 
documented. CTP C patients appeared to have lower 
SVR compared to the other groups, although the 
number of patients in this group was limited. Although 
its importance cannot be ascertained, the addition of 
RBV could have been responsible for the high SVR12 
rates observed. According to the AASLD guidelines, 
a 24-wk course of LDP/SOF is recommended in LTR 
that are intolerant or ineligible to receive RBV. Patients 
with genotype 3 including cirrhotic patients, however, 
have shown suboptimal responses, especially with 
12-wk regimens (Table 2). A 24-wk course of SOF/RBV 
is recommended in patients with genotype 3 with 
recurrent post-LT HCV disease (Table 6). Indications on 
the use of LDP/SOF for genotype 3 LTR are not made 
due to a lack of data in the post-LT setting and limited 
data among patients with cirrhosis. Nevertheless, 
a phase Ⅱ study has reported SVR 12 of 100% for 
LDP/SOF/RBV compared to 64% for LDP/SOF in a 
cohort of patients with G3 infection (including 15% 
cirrhotic), potentially suggesting that LDV could even 

shorten the treatment duration in this group[114]. A 
limitation in the use of LDV regards the concomitant 
use of proton pump inhibitors, that attenuate its 
absorption by > 90%. Promising results in LTR were 
also shown with the pan-genotypic combination of 
DCV/SOF/RBV. Analysis from a small group of 12 
LTR showed SVR of 75% along with absence of drug-
drug interactions and SAE[115]. A study presented at 
the 2014 AASLD meeting including patients from 
the same cohort showed CTP score improvements 
in 20 patients (from 7.3 to 5.8, p = 0.004)[116]. More 
recently, the results of the phase 3 ALLY-1 trial in 
LTR treated with DCV/SOF/RBV reported overall SVR 
of 94% regardless of prior treatment experience[86]. 
Treatment with DCV/SOF/RBV has been included in 
the 2015 EASL (European Association for the Study of 
the Liver) recommendations for the treatment of HCV 
recurrence, including decompensated cirrhosis, in all 
genotypes[16].

A multicenter study including 34 LTR with mild 
genotype 1 HCV recurrence (F0-F2) treated with 
paritaprevir/ritonavir, ombitasvir, twice-daily dosed 
dasabuvir, and RBV for 24 wk showed overall SVR 
of 97%[103,117]. Dose adjustments were needed for 
cyclosporine and tacrolimus due to interactions 
between ritonavir and CNI. Only one discontinuation 
in a patient who achieved SVR was noted. Since the 
efficacy and tolerability in patients with more advanced 
HCV infection are not well known, this regimen is 
currently only recommended for LTR without cirrhosis. 
The association of SMV/SOF ± RBV is suggested as an 
alternative regimen in genotype 1 patients without liver 
decompensation and recurrent HCV disease post-LT. 
A retrospective analysis of a single center involving 
61 patients with HCV genotype 1 infection who 
received a 12-wk combination regimen of SOF/SMV 
post-LT showed SVR12 of 93% compared with 67% in 
patients with advanced fibrosis[118]. No SAE occurred 
during treatment. Similar results were obtained in a 
large multicenter study encompassing 123 patients 
receiving SOF/SMV after a median time from LT of 
32 mo. SVR12 was achieved in 90% of patients, 
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Table 6  American Association for the Study of Liver Diseases 2014 recommendations for therapy in recurrent hepatitis C virus 
post liver transplant

Rating Population CPT B and C Regimen Daily Dose

ⅠB-recommended G 1, 4 experienced and naïve RBV 600 mg, increased as tolerated1 LDV/SOF/RBV 12 wk 90 mg/400 mg/weight-based2

ⅠB-alternative G 1, 4 naïve, RBV intolerant Not recommended LDV/SOF 24 wk 90 mg/400 mg
ⅠB-alternative G1 Not recommended SOF/SMV ± RBV 12 wk 400 mg + 150 mg ± weight-based2

ⅠB-alternative G1 Recommended only for non-
cirrhosis

Paritaprevir/r/rombitasvir/
dasabuvir + RBV for 24 wk

150 mg/100 mg/25 mg/250 mg 
bid/weight-based2

ⅡB-recommended G2 experienced and naïve 600 mg/d, SOF/RBV 24 wk 400 mg/weight-based2

increased as tolerated1

ⅠB-recommended G3 experienced and naïve 600 mg, increased as tolerated1 SOF/RBV 24 wk 400 mg/weight-based2

ⅢA Not recommended: Regimens containing PEG-IFN, monotherapy with PEG-IFN, RBV, or a DAA; TVR or BOC-based regimens

1e.g., increased monthly by 200 mg/d; 21000 mg < 75 kg, 1200 mg > 75 kg. Recommendations are graded according the level of the evidence and strength of 
the recommendation. G: Genotype; RBV: Ribavirin; LDV: Ledipasvir; SOF: Sofosbuvir; RBV: Ribavirin; r: Ritonavir; DCV: Daclatasvir; DAA: Direct active 
antiviral; TVR: Telaprevir; BOC: Boceprevir. 
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with rates around 70% in patients with advanced 
fibrosis[119]. While non-significant changes have been 
reported with tacrolimus use, up to 6-fold increases in 
SMV concentration have been noted in association with 
cyclosporine, due to inhibition of cytochrome P450 
3A, ion-transporting polypeptide, and p-glycoprotein. 
Based on this data, SMV/SOF is preferred in patients 
receiving tacrolimus and represents a valid option in 
patients with impaired renal function or anemia who 
may not tolerate RBV. Additional data on SIM/SOF 
± RBV came from a subgroup of 143 LTR from the 
TARGET cohort including 57% patients with cirrhosis. 
SVR4 rates were 94% among non-cirrhotic patients 
and 86% in patients with cirrhosis, showing a high 
level of concordance between cure rates obtained from 
clinical trials vs from real-life observational cohorts[120]. 

Treatment of LTR with Human immunodeficiency virus/
HCV coinfection
After the introduction of highly active antiretroviral 
therapy, ESLD has become the main cause of death 
among human immunodeficiency virus (HIV)/HCV-
coinfected patients[121]. In patients that are not 
successfully treated for HCV, HIV infection accelerates 
the course of liver disease and increases the mortality 
rate[122]. LT is an effective treatment for HIV/HCV-
coinfected patients with severe liver disease; LTR, 
however, display significantly lower survival rates 
(around 55% at 5 years) compared with HCV-
monoinfected patients[123]. HIV infection alone has a 
minor impact on the outcome of organ transplantation; 
in fact, excellent results are reported among HIV 
monoinfected (or HIV/HBV-coinfected) patients 
undergoing LT, and better outcomes for HIV-positive 
compared to HCV-infected recipients of organ 
transplant have been recently demonstrated[124]. 
HIV/HCV coinfection, however, accelerates post-LT 
progression towards fibrosis and liver decompen-
sation[125]. Furthermore, interactions between immuno-
suppressants and antiretrovirals via modulation of 
cytochrome P450 contribute to higher rates of acute 
graft rejections compared to non-HIV infected patients. 
Although new classes of antiretrovirals with limited 
interactions, such as integrase inhibitors and CCR5 
receptor antagonist, are currently used in HIV/HCV-
coinfected LTR, the presence of multiple and reciprocal 
drug-drug interactions or pathological conditions can 
still affect plasma drug concentrations[126,127]. Moreover, 
HIV/HCV-coinfected patients have historically shown 
high adverse effects and discontinuation rates following 
anti-HCV treatment[128,129]. Overall, poor survival along 
with limited effective therapeutic options still represent 
major barriers to LT in this cohort[130,131]. Data reporting 
the results of anti-HCV treatment in HIV/HCV-
coinfected LTR is scarce. Responses to Peg-IFN/RBV 
were significantly lower in HCV/HIV-coinfected LTR 
compared to monoinfected transplant recipents (10% 
vs 33%, respectively), particularly among genotype 1 

patients[129]. Nevertheless, HIV/HCV-coinfected patients 
achieving SVR showed survival rates up to 79%. The 
use of BOC and TVR in 7 HIV/HCV-coinfected LTR with 
severe HCV recurrence demonstrated 60% SVR and no 
response, respectively, along with high rates of SAE[132]. 
Preliminary results on SOF/RBV compassionate use, 
instead, showed SVR4 of 100% and good tolerability in 
7 HIV/HCV-coinfected LTR[133]. 

Thanks to an improved efficacy, safety, and 
tolerability in HIV and transplant patients, the newly 
approved antiviral therapies have the potential to 
transform the treatment outcomes of HIV/HCV-
coinfected patients with liver complications. Data from 
nontransplant patients suggests that HIV infection itself 
does not negatively impact SVR. Two trials involved 
a heterogeneous population of HIV/HCV-coinfected 
patients treated with SOF/RBV including different 
genotypes, patients with compensated cirrhosis, and 
treatment experienced patients. SVR12 were 90% 
in genotype 2 (irrespective of treatment duration) 
and above 80% among the other genotypes[129,134]. 
High relapse rates in genotype 1 patients, however, 
suggested that dual DAA combinations is preferred 
in this group; overall, lowest SVR were displayed 
in patients with genotype 3 treated for 12 wk and 
in patients with genotype 1 and cirrhosis. Therapy 
duration of 12 wk for genotype 2 and 24 wk for 
genotype 3 and 4 are recommended. Low rates of SAE 
and discontinuation (8% and 2.5%, respectively) were 
reported. Other key studies in this cohort included 
the combination of SOF/LDV administered for 12 wk 
to 50 GT1 coinfected patients with optimal baseline 
conditions (e.g., absence of cirrhosis or previous 
treatment failures) showing SVR rates close to 
100%[135]. The same combination showed SVR rates of 
94% and 97% in cirrhotic and treatment-experienced 
patients, respectively, in a study encompassing 335 
coinfected HIV-HCV patients[136]. 

In a trial including 20% of patients with cirrhosis, 
HIV/HCV-coinfected patients receiving paritaprevir/
r/ombitasvir, dasabuvir and RBV had SVR rates 
above 90%, irrespective of treatment duration[137]. 
Combination of grazoprevir and elbasvir showed 
comparable results between monoinfected and 
coinfected subjects (SVR12 of 93% vs 97% with RBV 
and 98% vs 87% without RBV, respectively)[138]. Data 
on SMV use in coinfected patients is limited; its use in 
12 HIV/HCV-positive patients showed SVR of 92%[139].

DCV/SOF regimens in HIV/HCV-coinfected patients 
showed SVR of 98% when administered for 12 wk 
in treatment-experienced patients. Shorter regimens 
(e.g., 8 wk), however, were associated with high 
relapse rates especially in cirrhotic patients[140].

Although some trials were limited by a small number 
of patients or presented only interim results, anti-HCV 
treatment appeared to have similar efficacy among 
coinfected and monoinfected patients. Therefore, the 
new guidelines do not consider HIV/HCV coinfected 
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patients as a special population and recommend DAA-
based treatments irrespective of HIV status. Among 
different anti-HCV regimens, paritaprevir/ritonavir/
ombitasvir plus dasabuvir was the most susceptible 
to drug interactions with antiretrovirals. SMV can also 
cause drug interactions with PI, efavirenz, etravirine, 
and ciclosporin; conversely, minor or non-clinically 
significant interactions were seen with DCV, SOF, or 
LDV[141]. LDV/SOF, however, may increase tenofovir 
levels when associated with ritonavir-boosted HIV 
PI and its use is not recommended in patients with 
estimated CrCl < 60 mL/min.

Recently, recommendations for the treatment of 
HIV/HCV-coinfected LTR with recurrent HCV disease 
have been published by a group of experts[142]. 
Based on the efficacy and the low potential for drug 
interactions, SOF/RBV and SOF/daclatasvir ± RBV 
were identified as potentially preferred regimens in 
HIV/HCV-coinfected LTR[142].

Updated databases and publications detailing the 
interactions between anti-HCV regimens and antire-
trovirals are available and should always be consulted 
for the management of coinfected patients[112,116].

CONCLUSION
Until recently, a well-tolerated and effective treatment 
protocol for the recurrence of HCV infection following 
LT has been an important unmet clinical need. The 
excellent response rates from new DAA combination 
therapies have opened new scenarios for patients 
with HCV-related advanced liver disease. Difficult-to-
treat patients (including LT candidates and recipients), 
however, have been understudied in recent trials. Even 
if data is limited in these patient populations, overall 
cure rates in clinical practice compared to clinical 
trials remained high, suggesting that even in real-life 
patients the high SVR rates can be reproducible. The 
benefits provided by the new anti-HCV regimens apply 
to both pre-transplant and post-transplant periods. 
Good safety profiles, high SVR rates, and MELD score 
improvement among patients with CTP C cirrhosis 
on waiting list shown by SOF-based regimens may 
lead to a delay in organ allocation. This result was not 
reported with Peg-IFN/RBV and could be attributed 
to IFN-free regimes that lack the catabolic effects 
induced by IFN, hence allowing a significant clinical 
improvement over a short time frame. Among LTR, 
early antiviral treatment after transplant (e.g., from 
6 to 12 mo) may become standard and reduce the 
occurrence of advanced CPT scores that have been 
correlated to a limited response to anti-HCV treatment. 
IFN-free, DAA combinations may represent the future 
ideal option for patients on transplant waiting list and 
post-LT. Given that a high proportion of patients in 
recent trials still required concomitant erythropoietin 
or blood transfusions, the possibility to eliminate RVB 
appears very attractive. Nevertheless, drawbacks 
and open questions still apply to the scenario of new 

anti-HCV drugs. While compounds such as SOF, 
GS-5816, and daclatasvir have activity against various 
genotypes, most combinations are mainly active 
against genotype 1. Among patients with genotype 3 
and cirrhosis, however, reduced SVR were reported. 
Furthermore, a growing number of patients who have 
failed under DAA-based therapy will need more potent 
treatment options in the near future. Specifically, 
cirrhotic genotype 1 patients with a history of previous 
HCV treatment failure represent a challenging 
population. Among patients with cirrhosis, including 
LTR, unanswered questions concern the need for RBV 
association to new therapies and the requirement to 
pursue longer treatment duration (12 wk vs 24 wk). 
Renal impairment, that often complicates ESLD, has 
not been fully addressed in the recent studies and 
necessitates further attention. Overall, a proportion 
of patients with advanced liver disease will progress 
towards ESLD despite the achievement of SVR, and the 
impact of new therapies is likely to be limited among 
patients with HCC. Finally, availability restrictions along 
with new treatments high cost still have a big impact 
on patient populations who necessitate prioritized 
treatment. 

In conclusion, the availability of new options in the 
treatment of HCV infection is likely to have a major 
impact in liver transplant candidates and recipients. 
Further studies employing new DAA combinations 
in the treatment of patients with decompensated 
cirrhosis, HIV/HCV coinfection, and chronic kidney 
disease are awaited in order to improve the manage-
ment of difficult-to-treat populations that often require 
urgent treatment.
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Abstract
It is well established that hepatitis C virus (HCV) 
infection and replication relies on host lipid metabolism. 
HCV proteins interact and associate with lipid droplets 
to facilitate virion assembly and production. Besides, 
circulating infective particles are associated with very 
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low-density lipoprotein. On the other hand, higher 
serum lipid levels have been associated with sustained 
viral response to pegylated interferon and ribavirin 
therapy in chronic HCV infection, suggesting a relevant 
role in viral clearance for host proteins. Host and 
viral genetic factors play an essential role in chronic 
infection. Lipid metabolism is hijacked by viral infection 
and could determine the success of viral replication. 
Recently development of direct acting antiviral agents 
has shown a very high efficacy (> 90%) in sustained 
viral response rates even for cirrhotic patients and most 
of the viral genotypes. HCV RNA clearance induced 
by Sofosbuvir has been associated with an increased 
concentration and size of the low-density lipoprotein 
particles. In this review, host genetic factors, viral 
factors and the interaction between them will be 
depicted to clarify the major issues involved in viral 
infection and lipid metabolism.

Key words: Hepatitis C virus; Lipid metabolism; Direct 
acting antiviral agents; Genetic interaction; Sofosbuvir
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Core tip: Hepatitis C virus (HCV) is known to be closely 
related and associated with host lipid metabolism. 
Recently development of direct acting antiviral agents 
has shown a very high efficacy (> 90%) in sustained 
viral response rates even for cirrhotic patients and most 
of the viral genotypes. HCV RNA clearance induced 
by Sofosbuvir has been associated with an increased 
concentration and size of the low-density lipoprotein 
particles. Host and viral genetic factors play an essential 
role in chronic infection. Lipid metabolism is hijacked by 
viral infection and could determine the success of viral 
replication.
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INTRODUCTION
Hepatitis C virus (HCV) infection is a relevant public 
health problem, infecting approximately 170 million 
people worldwide[1]. About 70% of infected patients 
will develop chronic HCV infection. One third of 
them have a significant increased risk of advanced 
liver fibrosis, cirrhosis development and finally, 
hepatocellular carcinoma. With the recent emergence 
of first generation direct acting antivirals (DAAs), and 
the development of a second generation DAAs, They 
have been a near-final step towards the eradication of 
HCV infection[2-5].

HCV is known to be closely related and associated 
with host lipid metabolism. HCV proteins interact and 
associate with lipid droplets to facilitate virion assembly 
and production[6]. Besides, circulating infective particles 
are associated with very low-density lipoprotein 
(VLDL)-like particles, referred as lipoviral particles 
(LVP)[7]. A proposed mechanism to facilitate HCV entry 
has been postulated based on the incorporation of host 
apolipoproteins into the LVP[7-9]. It has been shown 
that several apolipoproteins are necessary for viral 
assembly and the production of infective particles[10-12]. 
Moreover, elevated serum lipid levels have been 
associated with the rate of sustained viral response 
to pegylated interferon and ribavirin (Peg-IFN + RBV) 
therapy for chronic HCV infected patients, suggesting 
a key role for host proteins in the eradication of viral 
infection[13,14]. In this review, host genetic factors, 
viral factors and the interaction between them will be 
depicted to clarify the major issues involved in viral 
infection and lipid metabolism.

HOsT geNeTIC faCTORs
All viruses, as obligate intracellular parasites, are 
implicitly dependent on host cell functions for their 
survival and propagation. There is an emerging 
understanding of the possible role played by lipid 
droplets (LDs) in the life cycle of a growing number 
of viruses, including HCV[15,16]. In the establishment 
of HCV infection, LDs occupy a central role in the 
generation of infectious virions and are specifically 
targeted by viral proteins for this purpose[17]. Diacyl-
glycerol acyltransferase-1 (DGAT1) catalyses the final 
stage in triglyceride synthesis, and also plays a central 
role in formation of LDs. It has been shown that 
DGAT1 interacts with both core and NS5A to facilitate 
their recruitment to LDs[18]. DGAT1 also appears to 
facilitate interaction between core and NS5A, thereby 
functioning as a molecular bridge between the two 
proteins to ensure that they are targeted to the same 

LD[19].
The close relationship between serum LDL-

cholesterol (LDL-C) concentration and the chance of 
achieving sustained viral response has been reported 
largely in patients under Peg-IFN + RBV therapy[20] 
as well as with direct-acting antiviral-based triple 
therapy[21]. Lipid-conforming LVPs are released after 
HCV eradication, thus increasing concentration can 
be found in plasma and their concentrations increase 
in plasma. As previously pointed out, the higher the 
baseline LDL-C serum level, the greater the chance of 
curing hepatitis C. This finding is especially relevant 
in patients in patients bearing non-favourable IL28B 
genotype, together with previous non-responders 
patients to Peg-IFN + RBV when treated with triple 
therapy using telaprevir[22]. Some works have analyzed 
several genes implicated in lipid transport, such as 
APOB, APOC-Ⅲ , APO-L3, and lipid-signaling leptin 
receptor, MTTP together with liver X receptor/retinoid 
X receptor pathways. Several changes in these genes 
have corroborated the link between HCV infection and 
lipid metabolism and could also identify these genes 
as therapeutic targets for HCV infection, like FASN 
inhibition or DGAT activity blockage for inhibition of 
viral particles production, together with the prevention 
of the viral entry in the cell[23,24] (Figure 1).

The liver is the main organ for lipid homeostasis 
in the entire body, through production and uptake 
of lipoproteins. Lipid homeostasis is a complex 
mechanism that involves a large amount of genes. 
Several genetic analysis, including Genome-Wide 
analysis have been performed to shed some light 
on this process. This type of analysis has identified 
a strong association between single nucleotide 
polymorphisms (SNPs) near the IL28B locus and the 
chance of achieving sustained virologic response (SVR) 
to Peg-IFN + RBV therapy in HCV patients, as well 
as spontaneous viral clearance[25,26]. Moreover, higher 
plasma levels of ApoB have been associated with 
sustained virological response in HCV patients bearing 
the rs8099917 responder genotype (located proximal 
to rs12979860) in the IL28B gene[27]. Besides, Duggal 
et al[28] described the association of SNP rs4273729 
related to the HLA class Ⅱ genes on Chromosome 
6 with spontaneous HCV clearance independently of 
IL28B genotype. Nowadays, the role of the IL28B 
genotype on SVR is attenuated - non significant - in 
the setting new therapies with NS3 protease, NS5A or 
NS5B polymerase inhibitors.

Adiponutrin or patatin-like phospholipase domain 
containing 3 (PNPLA3) is a member of the patatin-like 
phospholipase family. It is expressed in several human 
tissues with highest expression in the liver[29]. PNPLA3 
acts as a transacylase, which synthesises intracellular 
triglycerides by transferring acyl groups from monogly-
cerides to mono- and diglycerides[30]. A study by 
Trépo et al[31] found, in Caucasian chronic hepatitis C 
(CHC) patients, a strong and independent association 
between PNPLA3 and liver damage. Patients with 
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homozygosity of the risk allele had a 2.5-fold higher 
risk for hepatic steatosis and an over three-fold higher 
risk for fibrosis as well as for fibrosis progression. 

HCV interacts with several proteins of the VLDL 
secretion pathway for the production of infectious 
particles. Circulating LVP in an infected patient indicate 
that HCV virions are associated with hepatically 
derived triglyceride-rich lipoproteins (TRL) containing 
apoB-100. These lipo-viro-particles are also associated 
with gut related lipoproteins containing apoB[8,32]. 
HCV infection also leads to TRL accumulation through 
transcriptional activation of lipogenic genes, thus 
stimulating synthesis of lipids in patients[33]. Besides, 
several studies on HCV patients have indicated that 
the virus induced lipogenic genes over-expression. This 
process may exert a strong influence on inflammation 
and fibrosis progression in HCV patients, rather than 
causing the lipid accumulation observed in hepatic 
steatosis[34].

ApoE plays a relevant role in the assembly and 
production of viral particles during HCV infection. 
ApoE depletion has a significant effect in HCV particles 
production compared to apoB or apoA1 in the same 
model. This effect may be related to the role of apoE in 
HCV assembly and interaction with the viral protease 
NS5A, as previously described[11,12,35]. The interplay 
NS5A-apoE is a key factor for the building of the viral 
assembly machinery.

VIRal faCTORs
A previous work performed by our group demonstrated 
a relationship between IL28B polymorphism and lipid 
profile in patients with hepatitis C genotype 1[20]. This 
association was not present in patients with hepatitis 
C genotype 3 or 4 and in the non-infected control 
group. LDL and total cholesterol levels were higher 
in patients infected with HCV genotypes 1 and 4 
harbouring the favourable (CC) genotype for IL28B 
gene. HCV directly causes the appearance of large lipid 
droplets in hepatocytes. Remarkably, HCV replication 
rates are higher in patients infected with genotype 3, 
concomitant with more frequent and severe hepatic 
steatosis[36]. In addition, HCV-induced steatosis related 
to genotype 3 infections is abolished when antiviral 
therapy is achieved. Moreover, studies performed in 
vitro, where cells are transfected with HCV core protein 
from different genotypes show that core protein is 
sufficient for lipid droplets induction in the hepatocytes, 
which is especially relevant - more efficient - in the case 
of genotype 3a core protein[37]. Lack of understanding 
for these mechanisms still hamper the characterizarion 
of these processes, including the appearance of very 
large lipid droplets in genotype 3. The reasons to 
explain why genotype 3 is more efficient in steatosis 
development are still unknown, since very limited 
studies have been performed using different genotypes 
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Lipid metabolism is hijacked by HCV
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Figure 1  Schematic representation of hepatitis C virus and host interplay during hepatitis C virus infection. Viral infection has a direct effect on lipid 
metabolism through two main mechanisms: first, by deregulating gene expression (FASN, DGAT, MTTP, SREBP). This effect can be modulated by certain SNPs in 
PNPLA3, among others. Secondly, VLDL synthesis is affected, since HCV replication takes place on lipid droplets. SNPs: Single nucleotide polymorphisms; VLDL: 
Very low-density lipoprotein; HCV: Hepatitis C virus; DGAT: Diacylglycerol acyltransferase; LD: Lipid droplet; PNPLA3: patatin-like phospholipase domain containing 3.

Del Campo JA et al . Host-HCV interaction in lipid metabolism



in selecting a HCV genotype and influencing disease 
progression[52].

ROle Of New HCV THeRapIes IN lIpID 
meTabOlIsm
Sofosbuvir is one of the most relevant drugs for 
hepatitis C therapy. It is a nucleotide analogue inhibitor 
of the NS5B polymerase which has been recently 
approved by the Food and Drug Administration and 
European Medicines Agency for HCV treatment and 
is currently used in combination with other antivirals 
like daclatasvir and ledipasvir (NS5A inhibitors). 
Other combinations include a protease inhibitor such 
as simeprevir or even with the formerly defined as 
Standard of Care for hepatitis C (peg-IFN + RBV). 
Sofosbuvir has demonstrated a consistently potent 
antiviral activity across several HCV genotypes, and has 
been found to be safe and well tolerated, showing a 
very high efficacy (> 90%) in sustained viral response 
rates even for cirrhotic patients. HCV RNA clearance 
induced by Sofosbuvir has been associated with an 
increased concentration and size of the LDL particles. 
Recently, Meissner et al[53] have demonstrated rapid 
changes in serum lipoprotein particle concentration 
during treatment of chronic HCV, genotype 1-infected 
patients with an IFN-free regimen of SOF and RBV. 
This likely reflects an altered balance of lipogenesis 
subsequent to removal of host lipid metabolism 
perturbation induced by HCV. This fact could be due 
to differential regulation of genes associated with lipid 
transport (APOC3 and APOL3) and lipid assembly and 
signaling (LEPR and MTTP) that has been observed 
in patients with paired liver biopsies available for 
analysis[54,55]. 

Several studies have suggested that statins 
[3-hydroxy-3-methylglutaryl CoA reductase (HMG Co-A) 
inhibitors] that inhibit de novo cholesterol synthesis, can 
block HCV replication[56]. Statins appear to inhibit HCV 
replication via inhibition of geranylgeranylation of a host 
protein FBL2 which is required for HCV replication[57]. 
Rao et al[58] have demonstrated that statin use was 
associated with an improved SVR among both diabetic 
patients and non-diabetic patients receiving combination 
antiviral therapy. Hence, poor diabetes control leads to 
a lower SVR rate.

CONClUsION
Host and viral genetic factors play an essential role 
in chronic infection. Lipid metabolism is hijacked by 
viral infection and could determine the success of viral 
replication. Mechanisms of treatment relapse with 
DAA therapy are nuclear and differential regulation of 
host lipid metabolic pathways may be associated with 
treatment relapse and support further investigation of 
lipid metabolites as predictors of treatment response 

in the same model[38].
HCV (including genotype 3a) has been reported to 

activate in vitro the sterol regulatory element binding 
proteins 1c and 2, two transcription factors involved in 
the control of neolipogenesis[39]. However, the evidence 
obtained in patients with different viral genotypes 
is inconclusive[34,40] and thus it is unclear whether 
steatosis in genotype 3 is favoured by an increased 
fatty acid and/or cholesterol synthesis.

HOsT-VIRal INTeRaCTIONs aND lIpIDs
HCV belongs to the Flaviviridae family. These viruses 
use the secretory pathway of the cell for their way 
out. Lipoprotein metabolism is tightly associated to 
the secretory pathway. For this reason, it has been 
suggested that in HCV infection, the virus uses for its 
own benefit the VLDL synthesis mechanism of the host 
cell. Based on an extensive siRNA analysis, it has been 
shown that most of the host proteins involved in HCV 
secretion belongs to the classical trafficking pathway, 
including microtubules, Golgi recycling endosomes, 
VAMP1 secretory vesicles and the lipoprotein apoE, 
which is linked to the core protein in the trafficking 
pathway[41].

High frequency of chronic infection reflects the 
fact that HCV has evolved several mechanisms to 
evade and suppress innate immunity, resulting in 
HCV progression to chronicity[42]. The viral NS3/4A 
protease is a central component of the HCV innate 
immune evasion strategy. The multifunctional NS3/4A 
protease is required for HCV replication, during which 
it processes the HCV polyprotein at several sites to 
liberate the viral NS proteins[43]. NS3/4A also targets 
and cleaves mitochondrial antiviral signaling protein 
(MAVS) from intracellular membranes to prevent signal 
transduction[44,45] thus, MAVS cleavage by the HCV 
NS3/4A protease disrupts RIG-I signaling of innate 
antiviral immunity and attenuates IFN production[46].

The interaction host-virus resulted on clone 
selection, immune response modulation and induction/
inhibition of proteins involved in the viral entry into the 
hepatocyte. Recent insights into how HCV regulates 
innate immune signaling within the liver reveal a 
complex interaction of patient genetic background with 
viral and host factors of innate immune triggering and 
control that imparts the outcome of HCV infection and 
immunity[47]. Host immune responses, both innate[48] 
and adaptive[49] together with factors regulating HCV 
entry into the cell and viral quasispecies, have been 
explored[50]. In a previous analysis, we identified 
BTN3A2 (rs9104) to be associated with the selection 
of viral genotype[51]. Our group is currently exploring 
HCV susceptibility and to determine the influence 
of butyrophilin (BTN) family on the selection of HCV 
genotype. An association between BTN3A2 SNP rs9104 
and HCV infection by genotype 1 has been recently 
described, where genetic variants play a relevant role 
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to DAA-therapy. 
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Abstract
The number of hepatitis C virus (HCV) infection cases 
is relatively low in children. This low number may be 
connected with the lack of screening tests and the 
asymptomatic course of infection. Currently, mother-to-
infant transmission is the most common cause of HCV 
infection amongst children in developed countries. It is 
important to introduce routine screening tests for HCV in 
pregnant women. The risk of vertical transmission of HCV 
is estimated at approximately 5% (3%-10%). Currently, 
we do not have HCV transmission prevention methods. 
Some factors could potentially be eliminated by elective 
caesarean section. Currently, the method of prevention 
of perinatal HCV infection is the early identification and 
effective treatment of infections in young women in the 
preconception period. We describe genetic tests (IL-28B 
single nucleotide polymorphisms) to identify children 
with an increased chance of spontaneous clearance or 
sustained virologic response achievement and vitamin 
D level as a potential predictor of treatment response 
in children. It is also important to develop non-invasive 
tests that can predict liver fibrosis. The existence of 
differences in the mechanisms leading to liver injury 
between children and adults creates new perspectives of 
action to reduce liver disease progression in children in 
the early years of life.

Key words: Hepatitis C virus; Infection in children; Single 
nucleotide polymorphisms; Epidemiology; Biomarkers 
of liver injury; Vertical infection
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Core tip: Vertical transmission (VT) is the most common 
cause of hepatitis C virus (HCV) infection in children. It 
is important to introduce routine HCV screening tests in 
pregnant women. Some hopes for VTC prophylaxis are 
associated with directly acting antiviral agents. IL-28B 
single nucleotide polymorphisms may help to identify 
children with spontaneous clearance and with good 
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treatment prognosis. Developing non-invasive tests 
that can predict liver fibrosis in children is important. 
New biomarkers of liver injury (ITIH4, C4a, arginase 1) 
have been shown to reflect liver fibrosis and steatosis. 
The differences in liver injury between children and 
adults create new perspectives of action to reduce liver 
disease progression in children.

Pawlowska M, Domagalski K, Pniewska A, Smok B, Halota W, 
Tretyn A. What’s new in hepatitis C virus infections in children? 
World J Gastroenterol 2015; 21(38): 10783-10789  Available 
from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i38/10783.htm  DOI: http://dx.doi.org/10.3748/wjg.v21.i38.10783

INTRODUCTION AND EPIDEMIOLOGY
Hepatitis C virus (HCV) infection is a major health 
problem affecting approximately 150-180 million 
people worldwide, with its estimated 19 million 
persons infected in Europe[1]. Moreover, 3-4 million 
people worldwide are newly infected every year, and 
350000 patients die every year due to HCV-related 
disorders[1,2]. According to a report from eighty-
seven countries, the total global anti-HCV prevalence 
was estimated to be 1.6% (1.3%-2.1%)[3], whereas 
a recent study by the World Health Organization 
estimated that the prevalence of HCV varies between 
2.4% in Western and Central Europe and 2.9% in 
Eastern Europe[1]. 

There are a few current global studies evaluating 
the prevalence of HCV infection in children, and 
accessible data are mainly estimated and local; there 
are no worldwide studies. The reason for this lack 
of data could be the lack of screening tests and the 
asymptomatic course of HCV infection. According to 
NASPGHAN recommendations, HCV screening should 
be performed in all children born to HCV-infected 
mothers (with assessment of anti-HCV antibodies 
in children after 18 mo of age and HCV RNA at a 
younger age), in children with chronically elevated 
transaminases and in children from regions with a high 
prevalence of HCV infection by assessing anti-HCV 
antibody levels. All positive anti-HCV antibody tests 
should be followed by a HCV RNA test to determine 
whether the infection is active[4]. 

The prevalence of HCV infection in children 
varies from 0.05%-0.36% in the United States and 
Europe and up to 1.8%-5.8% in some developing 
countries[5]. In studies conducted in Rio de Janeiro 
State in 1999-2012, Villar et al[6] collected data from 
approximately 1217 children aged 0 to 18 years. 
20 individuals (1.7%) had anti-HCV antibodies in 
serum samples, but only 3 individuals (0.2% of 
all patients) were HCV RNA-positive. Recently, an 
epidemiological survey of HCV infection was conducted 
amongst children aged 10 to 19 years living in Brazil, 
and it reported an overall seroprevalence rate of 

0.75%[7]. According to Abd-Elgawad et al[8], the global 
prevalence of HCV infection is relatively low in children, 
with an anti-HCV prevalence rate of 0.2%-0.4% in 
the Western world, with the exception of Egypt, which 
has the highest prevalence of adult HCV infection in 
the world, averaging 15%-25% in rural communities. 
In two Egyptian studies, anti-HCV antibodies were 
detectable in 3%-9% of children, depending on the 
region. Similar to global studies, the most common 
type of HCV infection in children is genotype 1. The 
following findings were confirmed in British research: 
63% children were infected with genotype 1, 33% with 
genotype 3 and only 3% with genotype 2[9]. According 
to data from the National Institute of Public Health 
in Poland, the number of HCV infections in 2013 was 
2641 (6.86 per 100000 people), and only 45 cases 
were registered in children from 0 to 18 years of age. 
There was also a significant decrease in cases amongst 
children and adolescents younger than 19 years of 
age[10].

There are a few most common routes of HCV 
transmission in children: blood transfusions, trans
plantations, unsafe injection procedures and vertical 
transmission. In studies conducted in Birmingham, 
Great Britain in 1991-2008, 133 children infected with 
HCV were analysed. The route of transmission was 
vertically acquired in 49%, transfusion acquired in 
47% and transplantation acquired in 2%. Moreover, 
Abdel-Hady et al[9] showed that transfusion-associated 
hepatitis C was the main cause of HCV infection in 
children between the years 1991 and 1995. However, 
this route was superseded by vertically acquired HCV 
infection from 1995 onwards. These data correspond 
with other global studies. Prior to the 1990s, the 
principal routes of HCV infection were via blood 
transfusion and the unsafe use and reuse of injection 
equipment in hospitals. Unfortunately, in developing 
countries, these causes of HCV transmission are still 
reported amongst children[5]. 

Currently, mother-to-infant transmission of HCV 
is the most common cause of HCV infection amongst 
children in developed countries[1,5,9,11]. The incidence 
of HCV infection in pregnant women ranges from 
1%-2% in the United States and Northern Europe 
and up to 8% in developing countries. Sood et al[12] 
estimated a HCV RNA prevalence rate of 1.43% in 
pregnant women in northern India, although this 
rate is comparable to those reported in other parts 
of the world (0.1%-2.4%)[9]. In a meta-analysis 
conducted by Benova et al[11], the risk of vertical HCV 
infection in children of HCV antibody-positive and 
RNA-positive women was 5.8% for children of human 
immunodeficiency virus (HIV)-negative women and 
10.8% for children of HIV-positive women. These 
results correspond with data from Yeung et al[13], which 
showed that the risk was 1.7% amongst children born 
to all HCV antibody-positive women and 4.3% amongst 
children of HCV RNA-positive women. In Europe, the 
estimated rate of vertical HCV transmission also ranges 
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from 2% to 5%[1,9]. Therefore, routine screening tests 
for HCV infection need to be introduced in pregnant 
women.

PREVENTION OF VERTICAL HCV 
INFECTION
Mother-to-child transmission (MTCT) is currently 
responsible for 60%-90% cases of chronic hepatitis 
C in paediatric patients in developed countries[14]. For 
many years, many studies have been conducted to 
identify the risk factors of vertical transmission of HCV 
and potential ways to prevent this infection. Most of 
the published works come from developing countries.

High maternal serum viral load (HVL - ≥ 106 copies/
mL) during the perinatal period, the inflammatory 
activity in the maternal liver, coexisting HIV infection, 
and female sex of the baby are considered to be factors 
that potentially increase the risk of MTCT. Additionally, 
potential factors associated with higher risk of 
transmission are prolonged labour, premature rupture 
of the membranes, a long period from rupture of 
membranes to childbirth, newborn massive exposure to 
maternal blood and HCVcontaminated fluids, maternal 
intravenous drug abuse, HCV infection in the mother’
s sexual partner, maternal liver inflammation activity, 
the use of invasive foetal testing and assisted vaginal 
delivery (forceps and vacuum extractor)[1,9,11,12]. The 
length of labour and the time of rupture of membranes 
are associated with newborn exposure to the maternal 
blood and fluids, which are potential sources of infection. 
Maternal intravenous drug abuse is associated with a 
higher risk of the presence of HCV RNA in maternal 
peripheral blood mononuclear cells and thus with a 
higher risk of perinatal transmission[15]. Breastfeeding 
in the context of the risk of HCV transmission has also 
been the subject of many studies. 

High maternal viral load in the perinatal period and 
coexisting HIV infection seem to be the most important 
factors that increase the risk of MTCT[16,17]. According 
to Murakami et al[17], the risk was higher in children of 
mothers with a high viral load in the perinatal period, 
prolonged exposure to the maternal blood and fluids in 
the genital tract and premature rupture of membranes. 
Cottrell et al[18] performed an extensive meta-analysis 
of published studies on the risk factors of vertical 
transmission of HCV, including invasive foetal testing 
and prolonged rupture of membranes. They found 
divergent data. Most of the available studies excluded 
the impact of breastfeeding on the risk of transmission.

Currently, we do not have HCV transmission pre-
vention methods that could be used in newborns, 
in contrast to HIV and HBV. A vaccine against HCV 
or a specific immunoglobulin has not yet been de-
veloped, and recommended chemoprophylaxis is not 
available. The identification of risk factors for MTCT is 
therefore the basis for developing recommendations of 
procedures to prevent or at least reduce the likelihood 

of transmission. The most important risk factor seems 
to be a high viral load in the mother during the perinatal 
period. Its reduction can only be achieved by the use of 
antiviral treatment. There is currently no recommended 
chemoprophylaxis of perinatal HCV infection.

The use of pegylated interferon (PegIFN), espe-
cially during the first trimester of pregnancy, may 
be associated with an increased risk of miscarriage 
and low birth weight, and ribavirin (RBV) is classified 
by the FDA as category X because of its teratogenic 
effects. Accordingly, prevention using standard 
therapy cannot be applied during pregnancy, and 
women who have begun treatment before pregnancy 
should discontinue the therapy immediately after the 
confirmation of pregnancy. Some hopes are associated 
with direct acting antiviral agents, which appear to 
have a greater safety profile in pregnancy and show no 
teratogenic effects; they are applicable and effective 
without PegIFN and RBV[19]. Another proven risk factor 
for MTCT is concomitant HIV infection. The risk of 
transmission of HCV infection in children of HCV- and 
HIV-positive mothers without antiretroviral treatment 
is estimated to be 15%, which is 3 times higher than 
in children of HIV-negative mothers. To some extent, 
we have the opportunity to reduce this risk through 
the use of highly active antiretroviral therapy. The 
effectiveness of such a procedure in reducing HIV viral 
load is indicated by the significant reduction in the risk 
of HCV transmission, probably by reducing the HCV 
viral load[20].

Another group of potential risk factors for MTCT 
is related to the duration of labour or rupture of 
membranes time (more than 6 h), as well as the 
use of invasive foetal testing and assisted vaginal 
delivery. These factors could potentially be eliminated 
by performing an elective caesarean section. The 
effectiveness of this approach is the subject of a 
number of prospective and retrospective studies, the 
results of which are divergent; currently, there is no 
evidence to recommend elective caesarean section 
to reduce the risk of perinatal transmission of HCV. 
The results of the analysed studies were inconsistent; 
some showed a reduction in the risk of infection 
by using elective caesarean section compared with 
vaginal delivery or emergency caesarean section, but 
the differences in most studies were not statistically 
significant, and subsequent studies have not confirmed 
these observations. The conclusion was that it is not 
currently possible to indicate any particular intervention 
that would involve a reduction in the risk of infection[18].

A meta-analysis conducted by Ghamar Chehreh et 
al[20] showed that caesarean section does not reduce 
the risk of perinatal transmission of hepatitis C virus 
from HCV-RNA (+)/HIV (-) mothers to their infants. 
However, Murakami et al[17] conducted a prospective 
study, which, inter alia, assessed the risks associated 
with various modes of delivery in patients with high 
viral load in the perinatal period. According to the 
obtained data, elective caesarean section in patients 
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which 30 (16.9%) had spontaneous clearance and 
147 had a persistent HCV infection[27]. This study 
demonstrated that the favourable CC IL-28B genotype 
increases the chances of spontaneous elimination of 
the HCV more than twice compared to the CT and TT 
genotypes combined (OR = 2.7; 90%CI: 1.35.8). 
Additionally, an ethnically matched control group with 
unknown hepatitis C status obtained from the 1000 
Genome Project data was used for the analysis. It 
was demonstrated that in children with spontaneous 
viral clearance, the prevalence rate of the favourable 
genotype CC is significantly higher compared to that 
of ethnically matched individuals (56.7% and 34.7%, 
respectively, P = 0.03). However, the predictive 
potential of IL-28B variation is diversified, which is 
associated with variations in geographical distributions 
of HCV genotypes and differences in frequency of IL-
28B SNPs by race. The adult study showed that the 
global pattern of IL-28B SNPs distribution may partly 
explain the observed discrepancy in the frequency 
of viral clearance across various ethnic groups[28]. In 
a recent study conducted in 130 Chinese paediatric 
patients with spontaneous clearance, rs12979860 and 
rs8099917 SNPs independently predicted spontaneous 
clearance[29]. The odds ratio was 7.39 (95%CI: 
1.0750.41) and 14.27 (95%CI: 3.07108.50) for 
rs12979860 and rs8099917, respectively. In this study 
group, the frequency of spontaneous clearance was 
47%, which is related to a high frequency (> 85% for 
both) of favourable genotype CC of rs12979860 and 
genotype TT rs8099917.

NEW TESTING DIRECTIONS FOR THE 
PREDICTION OF TREATMENT RESPONSE
Currently, in the case of a confirmed HCV infection, to 
comprehensively qualify a patient for treatment, the 
HCV RNA levels, HCV genotype and SNPs of the IL-
28B gene should be determined. These are well-known 
predictors of response to interferon-based therapy 
in adults. The connection between high baseline 
HCV viral load and the unfavourable HCV genotypes 
1 and 4 with a higher likelihood of failed interferon 
and RBV combination therapy was also confirmed 
in children[30-32]. The importance of the favourable 
genotypes CC rs12979860 and TT rs8099917 in the 
IL-28B gene associated with higher sustained virologic 
response (SVR) rates in PegIFN-based treatment for 
HCV infection in children has been demonstrated in 
several studies[33-36]. Thus, the determination of the IL-
28B SNPs may be useful in clinical practice in enhancing 
the correct prediction of SVR achievement in children. 
In contrast, no associations were found between the 
rs8099917 marker and the final treatment outcome 
in Japanese children who were treated with response-
guided PegIFN or a PegIFN plus RBV combination[37]. 
The results of these studies suggests that, similar 
to adults, the SNPs of IL-28B appear to have limited 

with HVL was associated with a significant reduction in 
the risk of transmission of infection; MTCT was found in 
41% of infants born vaginally and none of those born 
by elective caesarean section. The authors therefore 
suggested that elective caesarean section could be an 
effective method to prevent MTCT in women with HVL. 
Furthermore, in a retrospective study, it was found that 
the effectiveness of elective caesarean section reduced 
the risk of transmission of HCV infection in patients co-
infected with HIV[21].

Currently, there are no recommendations regarding 
chemoprophylaxis of perinatal HCV infection. There 
is also no obvious evidence that the mode of delivery 
affects the risk. Therefore, despite the significant 
progress that has been made in recent years in 
the treatment of chronic HCV infection, the only 
unequivocally recommended method of prevention of 
perinatal HCV infection is the early identification and 
effective treatment of infections in young women in 
the preconception period, but the treatment should be 
completed at least 6 mo before a planned pregnancy 
due to the potential teratogenicity of currently used 
drugs.

NEW TESTING DIRECTIONS 
The rest of the work describes only the latest aspects 
and directions of the research recently conducted in 
paediatric patients with chronic hepatitis C (CHC), 
which may have a potential impact on the develop-
ment of diagnostic tests for monitoring patients, on 
the prediction of adverse consequences in the course 
of the disease and on treatment results.

NEW TESTING DIRECTIONS FOR THE 
PREDICTION OF PERSISTENT INFECTION 
The estimated rates of spontaneous clearance of 
the HCV RNA in vertically infected children vary 
considerably, and in the European population, the rates 
do not exceed 30%[22-24]. Spontaneous clearance of 
HCV in vertically infected children has been associated 
with HCV genotype 3 infection and with transaminase 
flare in the first year of life. Recently, Garazzino et al[22] 
confirmed the results of previous studies by showing 
that the resolution of infection is higher in patients 
infected with HCV genotype 3 and in patients with 
higher ALT levels in the first two years of life. Currently, 
we are additionally able to identify a group of children 
with an increased chance of spontaneous clearance 
by performing a genetic test determining the single 
nucleotide polymorphisms (SNPs) in the IL-28B gene. 
In 2011, a preliminary study showed the independent 
association of the rs12979860 polymorphism with the 
spontaneous clearance of HCV genotype 1 in infants 
infected by perinatal transmission[25]. This connection 
was confirmed by multicentre collaborative studies[26,27]. 
One of these studies enrolled 177 Italian children, of 
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potential for predicting treatment response, and IL-
28B genotype testing cannot be used alone to predict 
the final outcome. Despite limited prognostic potential, 
IL-28B SNPs - as one of the strongest pretreatment 
predictors of SVR - are greatly needed for standard 
PegIFN-based therapy in CHC children. Although 
new specifically targeted antiviral agents are being 
introduced in adults, currently, these types of drugs are 
not allowed to be used in children because the safety of 
this therapy in children has still not been determined. 
Therefore, further paediatric studies are needed to 
evaluate the potential role of IL-28B genotype testing 
together with other known prognostic factors in new 
treatment strategies targeting children who poorly 
tolerate IFN-based regimens. 

Recently, vitamin D levels have also been identified 
as potential predictors of response to HCV therapy in 
children. A study of Egyptian HCV children showed a 
high frequency of vitamin D deficiency and significant 
decreases in bone density compared with healthy 
children control groups matched by age and sex[38]. It 
was demonstrated that children treated with vitamin 
D showed higher early and sustained virological 
responses. Therefore, the authors suggest that the 
assessment of vitamin D levels before the start of 
PegIFN/RBV therapy and correction of any detected 
deficiency during the course of therapy may be needed 
to improve viral response.

NEW DIRECTIONS FOR BIOMARKERS OF 
LIVER INJURY
Whereas chronic hepatitis C is usually asymptomatic 
during childhood, long-term infection can lead to 
severe and decompensating liver disease in later 
childhood or adulthood[22,39]. The results of several 
paediatric studies reveal that the degree of liver 
injury generally correlates with age and duration of 
infection[8,40-42], although progression seems to be 
slower than observed in those infected later in life. 
In contrast to previous studies[43,44] that suggest that 
co-infection with HBV and HCV is associated with 
more severe liver disease and frequent progression 
to cirrhosis, in a recent study conducted in Polish 
children, HBV/HCV co-infection did not enhance 
fibrosis compared with HCV or HBV mono-infection 
groups[45]. However, in this study group, HBV/HCV 
co-infection was associated with moderate to severe 
necro-inflammation, irrespective of age of biopsy or 
duration of infection, and led to significantly higher 
necroinflammatory activity than HCV monoinfection. 

Liver biopsy still represents the gold standard 
for evaluating the current status of liver injury, 
including inflammatory and fibrosis scores in CHC. 
However, in children, this may result in a higher risk 
of complications; therefore, it is less accepted in 
paediatric patients than in adults[46]. Thus, developing 
non-invasive tests that can predict liver fibrosis, 

especially in paediatric populations, is attractive. 
Several years ago, Fibrotest and ActiTest were found 
to be potential non-invasive assays for the assessment 
of hepatic fibrosis and necro-inflammatory activity 
in CHC paediatric patients in comparison with liver 
biopsy[47-49]. In fact, they have limited prognostic 
potential. In the Hermeziu et al[48] study, it was shown 
that the global concordance between FibroTest-ActiTest 
and METAVIR scores was found in 48% of paediatric 
cases. A recent study that used proteomic analysis 
of serum from adult patients with CHC revealed that 
Complement C4a and inter-alpha-trypsin inhibitor 
heavy chain 4 (ITIH4) were potential factors to predict 
liver fibrosis[50]. A study including 30 Egyptian CHC 
children showed that C4a was not associated with 
histological scores, but it could predict significant 
fibrosis (presence of bridging fibrosis) with acceptable 
clinical performance[51]. The paediatric experience 
with serum level of ITIH4 showed notable correlation 
of this marker with later stages of fibrosis[52]. ITIH4 
serum levels were substantially higher in patients 
with significant fibrosis than in those at lower fibrosis 
stages. Based on the available data, non-invasive tests 
designed to predict the degree of liver injury currently 
have too many limitations to constitute an alternative 
to liver biopsy; however, they may be useful to 
detect significant fibrosis. Non-invasive detection of 
significant fibrosis is very important for treatment 
decisions. Patients with significant fibrosis progression 
are commonly prone to cirrhosis, so antiviral treatment 
should be strongly considered in this group. In another 
preliminary study conducted in children, the aberrant 
expression of arginase 1 in liver tissue correlated with 
liver steatosis in HCV infection[53]. Immunochemistry 
and western blot analysis showed that there was 
higher expression of arginase 1 in HCV patients with 
steatosis than in those without it. These findings open 
new horizons for diagnostic markers for steatosis, but 
the tools need to be confirmed by larger studies. 

There is relatively little information on the histopa-
thology of chronic hepatitis C in children. It is currently 
accepted that both immune system-mediated reactions 
and viral cytopathic effects are involved in CHC 
pathogenesis; however, the effects of each component 
on the final result in children and adults have not 
been previously studied. In a recent preliminary study, 
Valva et al[54] evaluated an intrahepatic viral infection 
by comparing apoptosis and portal and periportal 
infiltrates in paediatric and adult patients. The results 
of this comparative study provided the first suggestions 
that liver injury in paediatric CHC may be substantially 
associated with viral cytopathic effects mediated 
by apoptosis, whereas in adults, it could be mainly 
associated with an exacerbated immune response. 
Knowing the existence of differences in the mechanisms 
leading to liver injury between children and adults 
creates new perspectives of action to reduce liver 
disease progression in children in the early years of life.
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Abstract
In Iran, the prevalence of hepatitis C virus (HCV) 
infection is relatively low according to the population-
based epidemiologica l  studies.  However,  the 
epidemiology of HCV is changing and the rate of HCV 
infection is increasing due to the growth in the number 
of injecting drug users in the society. In addition, a shift 
has occurred in the distribution pattern of HCV genotypes 
among HCV-infected patients in Iran. Genotype 1a is the 
most prevalent genotype in Iran, but in recent years, 
an increase in the frequency of 3a and a decrease in 
1a and 1b have been reported. These variations in the 
epidemiology of HCV reflect differences in the routes of 
transmission, status of public health, lifestyles, and risk 
factors in different groups and geographic regions of Iran. 
Health policy makers should consider these differences to 
establish better strategies for control and prevention of 
HCV infection. Therefore, this review was conducted to 
present a clear view regarding the current epidemiology 
of HCV infection in Iran.

Key words: Hepatitis C virus; Blood donors; Injecting 
drug users; Hemodialysis; Hemophilia; Thalassemia; 
Genotypes; Occult hepatitis C virus; Epidemiology; Iran

© The Author(s) 2015. Published by Baishideng Publishing 
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Core tip: The distribution patterns of hepatitis C virus 
(HCV) infection are related to different status of public 
health and the presence of risk factors in the society. In 
Iran, the predominance of risk factors for transmission 
of HCV has changed from blood transfusion to 
intravenous drug use; and due to the growth in the 
number of injecting drug users, the prevalence of 
HCV infection is rising in the country. Even the recent 
changes in the distribution pattern of HCV genotypes 
confirm this issue. Overall, the epidemiology of HCV is 



HCV has a high rate of genetic heterogeneity, 
therefore, no vaccine or immunoglobulin exist to 
prevent this infection[18]. Recent advances in HCV 
therapy have led to the development of new antiviral 
drugs for treatment of HCV infection, including the 
protease inhibitors telaprevir, simeprevir, boceprevir, 
and paritaprevir; NS5A inhibitors ledipasvir, daclatasvir, 
and ombitasvir; the nucleotide analog NS5B polymerase 
inhibitor sofosbuvir; and the non-nucleotide polymerase 
inhibitor dasabuvir[8,19,20]. These new therapies are 
well-tolerated and safer and much more effective 
than the previous therapies pegylated interferon 
(IFN)/ribavirin[20]. Despite these advantages, pegylated 
IFN-α in combination with ribavirin is recommended as 
the standard treatment for HCV infection in Iran[21-24]. 
The reasons for this are the high cost and restricted 
availability of the new medications in low- and middle-
income countries[25]. 

Iran is a vast country with various ethnicities in 
different provinces. This country, with an area of about 
1700000 km2, is located in the Middle East between 
Arab peninsula, Indian subcontinent, Europe, and 
Middle Asia[26,27]. There are variations in the prevalence 
and epidemiology of HCV in different groups and 
regions throughout the country. To achieve better 
strategies for the prevention and management of 
HCV infection, the current knowledge regarding the 
epidemiology of HCV infection merits reviewing. 
Therefore, we present here a clear review about the 
current epidemiology of HCV in Iran.

HCV IN BLOOD DONORS
In Iran, the prevalence of HCV infection among 
blood donors in different studies varies considerably, 
depending on the study population, sample sizes, 
study periods, the geographic regions, risk factors, 
and the methods and type of kits used to determine 
HCV[15,28]. According to the results of a meta-analysis 
study, the prevalence of anti-HCV among 10739221 
blood donors was 0.5% during 1996 to 2011[28]. In 
another study, the rate of anti-HCV seropositivity 
among 6499851 blood donors was 0.13% during 
2004 to 2007[29]. The highest anti-HCV prevalence of 
1.39% was declared in 2005, followed by a significant 
decreasing rate from 0.13% in 2007 to 0.03% in 
2009[4,28]. The reasons for this decline were the 
implementation of more restrictive rules in physical 
examination prior to donation and the application of 
more sensitive HCV test kits for screening the blood 
by Iran Blood Transfusion Centers[27,28]. In addition, 
the public has become more aware of the routes of 
transmission of HCV infection in recent years[29]. 

Iran has the lowest anti-HCV prevalence among 
blood donors compared to corresponding figures in the 
Middle East countries, such as 0.6% in Lebanon, 0.8% 
in Kuwait, 0.9% in Oman, 2.7% in Yemen, and 5%-25% 
in Egypt[4,27,28,30,31]. Globally, however, the lowest HCV 
prevalence of 0.01%-0.1% has been reported in the 

Taherkhani R et al . HCV in Iran

10791 October 14, 2015|Volume 21|Issue 38|WJG|www.wjgnet.com

changing in Iran. Therefore, this review was conducted 
to present a clear view about current epidemiology of 
HCV in Iran.

Taherkhani R, Farshadpour F. Epidemiology of hepatitis C virus 
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INTRODUCTION
Hepatitis C virus (HCV) is a small, enveloped positive-
stranded RNA virus, belonging to the family Flaviviridae 
and the genus Hepacivirus[1,2]. Based on genomic 
heterogeneity, HCV has been classified into seven 
genotypes and over 70 different subtypes[3,4]. HCV is 
transmitted through exposure to infected blood and 
blood products. Blood transfusion, injecting drug use, 
sexual intercourse, surgery, and tattooing are some 
possible ways to spread HCV infection[5,6]. Among 
these, HCV transmission by sexual intercourse is less 
common and includes those that lead to mucosal 
exposure to infectious blood or blood-derived body 
fluids and is related to the presence of mucosal tears 
and genital ulcerative disease[7,8].

HCV is the major cause of chronic liver disease, 
and can lead to cirrhosis and hepatocellular carcinoma 
(HCC)[3,9]. Although the infection is preliminary 
acute with a wide spectrum of clinical manifestations 
from asymptomatic to mild or even severe clinical 
illness[10], about 75% to 85% of acute HCV infections 
slowly progress to chronic infection[11]. Approximately 
10%-20% of those chronically infected are at risk of 
developing liver cirrhosis within 20 to 30 years, and 
of those with cirrhosis, 1%-5% per year will develop 
HCC[12].

HCV infection is defined as the presence of 
HCV-RNA and anti-HCV antibodies in serum or 
plasma. A positive HCV antibody test [enzyme linked 
immunosorbent assay (ELISA) and immunoblot 
assay] indicates exposure to HCV, however, it cannot 
distinguish between current or past infection. In 
general, anti-HCV antibody positive samples can be 
defined as current HCV infection if the HCV RNA test 
[reverse transcriptase polymerase chain reaction 
(RT-PCR)] is positive[8,13]. 

According to the World Health Organization 
reports, about 130-150 million of the world population 
have chronic HCV infection[14]. In addition, 3-4 
million new cases of HCV infection emerge globally 
each year[15,16]. The chronic infection might result in 
cirrhosis, hepatic failure, or HCC, which are responsible 
for approximately 350000 to 500000 deaths per 
year[5,14,17,18]. Therefore, HCV is a life threatening 
global health problem, and its prevention is the main 
objective. 



United Kingdom and Scandinavia[5,18,32-34]. 
At present, the ELISA and confirmatory recom-

binant immunoblot assay (RIBA) are used routinely 
for screening of the blood donors by the Iranian blood 
bank transfusion centers. It seems screening of blood 
is an important factor in controlling and reducing 
the rate of HCV infection in the general population. 
However, the presence of asymptomatic or occult HCV 
infected donors with no detectable HCV Ab or low copy 
number of HCV genomes in their blood is a potential 
source of HCV transmission. Thus, the risk of HCV 
transmission through blood transfusion is considered 
an important public health concern[28,35] (Table 1[35-56]). 

HCV IN GENERAL POPULATION
With an overall anti-HCV prevalence of less than 1% 
in the general population, Iran is considered a country 
with low frequency HCV infection[27]. However, it 
seems the prevalence of HCV is slightly rising in the 
country[57,58]. The prevalence of HCV infection in the 
general population varies considerably in different 
regions of Iran (Table 2[58-68]). These variations in the 
prevalence of HCV might be due to the differences in 
the quality of public health services, lifestyles, habits, 

and rates of high-risk behaviors in different geographic 
regions[15,28].

In Iran, the prevalence of HCV infection in the 
general population is lower than those of the neigh-
boring countries such as Afghanistan (1.1%), Turkey 
(1%-2.1%), Pakistan (4.7%), Iraq (7.1%), and Qatar 
(6.3%)[4,30]. Globally, the highest HCV prevalence of 
17.5% (13%-22%) has been reported in Egypt[59]. 

The general population-based prevalence of HCV 
infection is used to describe and compare the local and 
global epidemiology of HCV infection[10,16]. The surveys 
on prevalence of HCV in the blood donor population fail 
to assess the true prevalence in an entire community. 
Since a large number of HCV positive cases are 
excluded from donating blood, the donor population 
is representative of a population at low risk of HCV 
infection. A recent study reported a HCV prevalence 
of 9.2% in the excluded individuals[27]. Therefore, the 
prevalence of HCV in the general population is higher 
than that in the donor population[27,28]. 

HCV IN HIGH-RISK GROUPS
HCV in intravenous drug users
Presently, injecting drug use is the main route of HCV 
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Table 1  Prevalence of hepatitis C virus among blood donors in Iran

Author Year of study City or province Location No. of 
participants

No. of positive 
samples

Prevalence Test Ref.

Taheri Azbarmi 2003-2005 Rasht, 
Gilan province

North     49820       91 0.18% ELISA and RIBA [36]

Mansour-Ghanaei 1998-2003 Gilan North   221508   3603 1.62% ELISA [37]
    709 0.32% RIBA

Bani Aghil 2006-2008 Golestan North-East   128198     161 0.12% ELISA and immunoblot [38]
Khedmat 2003-2005 Tehran North-Center 1004889 21390 2.10% ELISA [39]

  1005 0.10% RT-PCR
Attarchi 2003-2004 Tehran North-Center     26645       42 0.20% ELISA and RIBA [40]
Khedmat 2005-2006 Tehran North-Center   318029     323 0.09% ELISA, immunoblot and 

RT-PCR
[35]

Bozorgi 2002-2004 Qazvin West-Center     48116       73 0.15% ELISA and RIBA [41]
Mahdaviani 2004 Arak West-Center     11615       81 0.70% ELISA [42]

      33 0.20% RIBA
Bozorgi 2009 Qazvin West-Center     20591     328 1.59% ELISA [43]

      35 0.17% HCV confirmatory tests 
(ND)

Afzali 1996-2001 Kashan Center     43731     477 1.10% ELISA [44]
Moniri 2001-2002 Kashan Center         600         3 0.50% ELISA [45]
Karimi 2004-2006 Shahr-e Kord Central     35124       70 0.20% ELISA and immunoblot [46]
Masaeli 2002-2003 Isfahan Center     29458       24 0.27% ELISA and RIBA [47]
Esmaieli 2006-2007 Bushehr South     20294       42 0.20% ELISA and immunoblot [48]
Ghavanini 1998 Shiraz South       7897       47 0.59% ELISA and immunoblot [49]
Emamghorashi 2001-2003 Jahrom South       3000         9 0.30% ELISA and immunoblot [50]
Kasraian 2002-2005 Shiraz South   507531     710 0.14% ELISA [51]
Kasraian 2007-2008 Shiraz South     93987     203 0.21% ELISA and RIBA [52]
Delavari 2003 Kerman South-East     15252       60 0.39% ELISA [53]
Tajbakhsh 2004 Shahr-e kord West     11472       69 0.60% ELISA [54]
Doosti 2003-2004 Shahrekord West     11200       76 0.67% ELISA [55]

0.59% immunoblot
0.41% RT-PCR

Ghafouri 2006-2009 South Khorasan East     42652       31 0.07% ELISA [56]
      13 0.03% RIBA

ND: Not defined; ELISA: Enzyme linked immunosorbent assay; RT-PCR: Reverse transcriptase polymerase chain reaction; RIBA: Recombinant immunoblot 
assay.

Taherkhani R et al . HCV in Iran



abusers and about 180000 (12.2%) of this population 
are injecting drug users (IDUs)[9]. Estimates from Iran 
show a HCV prevalence of 50%-75% among IDUs[6]. 

transmission[6,9,69]. Iran has one of the highest numbers 
of drug addicts in the world[9,70]. It has been reported 
that 2.8% of Iranian adults aged 15-64 years are drug 
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Table 2  Prevalence of hepatitis C virus among general population in Iran

Author Year of study City or province Location No. of 
participants

No. of positive 
samples

Prevalence Test Ref.

Zamani 2008-2011 Amol, Mazandaran North 6145 12 0.20% ELISA [60]
  5 0.08% RIBA
  3 0.05% RT-PCR

Mansour-Ghanaei 2003 Gilan North   383   9 2.30% ELISA [61]
  5 1.30% RT-PCR

Shakeri 2010-2011 Mashhad North-East 3870   8 0.20% ELISA [62]
  5 0.13% RT-PCR

Ghadir 2006 Golestan North-East 2123 56 2.60% ELISA [63]
22 1.00% RIBA

Merat 2006 Golestan North-East 1895 18 1.00% ELISA and RIBA [58]
Merat 2006 Tehran North-Center 2326   8 0.30% ELISA and RIBA [58]
Merat 2006 Hormozgan South 1463 24 1.60% ELISA and RIBA [58]
Motlagh 2001 Ahvaz South-West     80   5 6.25% ELISA [64]

  0 0.00% Immunoblot
Nikbakht 2007-2008 Ahvaz South-West   712   9 0.63% ELISA [65]
Moradi 2001-2002 Saravan, South-East   365   3 0.80% ELISA [66]

Sistan and
Baluchestan

Sayad 2006 Kermanshah West 1721 15 0.87% ELISA, immunoblot 
and RT-PCR

[67]

Mohebbi 2007-2008 Lorestan West   827   2 0.20% ELISA [68]

Table 3  Prevalence of hepatitis C virus among injecting drug users in Iran

Author Year of 
study

City or province location No. of participants No. of positive 
samples

Prevalence Test Ref.

Mohtasham Amiri 2003 Gilan North     81   72 88.9% ELISA [72]
Rahimi-Movaghar 2006-2007 Tehran North-Center   895 309 34.5% ELISA [73]
Hosseini 2006 Tehran North-Center   417 334 80.0% ELISA [74]
Zali 1995 Tehran North-Center 402 (Male imprisoned 

IDUs)
182 45.3% ELISA, RIBA [75]

Zamani 2004 Tehran North-Center   202 105 52.0% Particle 
Agglutination (PA) 

assay

[76]

Hajinasrollah 2005 Tehran North-Center     65   11 17.0% ELISA [77]
Amin-Esmaeili 2006-2007 Tehran North-Center   895 309 34.5% ELISA [78]
Nokhodian 2008-2009 Isfahan Center   531 250 47.1% ELISA [79]
Zamani 2008 Isfahan Center   117   71 60.7% EIA [80]
Kassaian 2009 Isfahan Center   943 392 41.6% ELISA [81]
Fadaei Nobari 2011 Isfahan Center 1747 595 34.0% ELISA [82]
Sofian 2009 Arak, Markazi West-Center 153 (Male IDUs)   91 59.5% ELISA [83]
Ramezani 2012 Arak West-Center 100 (Male IDUs)   56 56.0% ELISA [84]
Honarvar 2012-2013 Shiraz South 569 (High risk groups) 109 19.1% ELISA and 

immunoblot
[70]

233 (IDUs)   94 40.3%
336 (non-IDUs)   15   4.4%

Davoodian 2002 Bandar Abbas, 
Hormozgan

South 249 163 64.8% ELISA [85]

Sarkari 2009-2010 Kohgiloyeh and 
Boyerahmad

South-West 158   67 42.4% ELISA [86]

Imani 2004 Shahr-e Kord Sout-West 133   15 11.3% ELISA [87]
Alavi 2002-2006 Ahvaz South-West 333 103 30.9% ND [88]
Mohammad Alizadeh 2002 Hamadan West 149 (IDUs Prisoners)   47 31.5% ELISA, immunoblot [89]
Keramat 2005-2007 Hamadan West 379 (High risk groups) 135 35.6% ELISA, immunoblot [90]

199 (IDUs) 126 63.3%

IDUs: Injecting drug users; ND: Not defined; ELISA: Enzyme linked immunosorbent assay; RIBA: Recombinant immunoblot assay.

Taherkhani R et al . HCV in Iran
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However, the prevalence of anti-HCV among IDUs 
varies considerably in different regions of Iran (Table 
3[70-90]). The outcomes revealed that Gilan, Hamedan, 
Tehran, and Hormozgan provinces have the highest 
rate of HCV infection, while Shahre Kord had the 
lowest rate of infection (Table 3). As a result, IDUs are 
the main source of HCV infection in Iran and account 
for the large proportion of current HCV transmission 
in the society[6,9,27]. In addition, the prevalence of HCV 
infection in prisons of Iran is extremely high, where 
38% to 90% of imprisoned IDUs have been infected 
with HCV[9]. Interestingly, tattooing more effectively 
transmits HCV infection than injecting drug use among 
Iranian prisoners[6]. 

The global prevalence of HCV infection among 
IDUs varies considerably from 9.8% to 97.4%[71]. 
Approximately 10 million IDUs with a global midpoint 
prevalence of 67% are positive for anti-HCV. The 
highest rate of HCV infection among the IDUs has 
been reported in China (67%, 1.6 million), the United 
States (73.4%, 1.5 million), and Russia (72.5%, 1.3 

million)[71].

HCV in hemodialysis patients
Distribution of HCV infection among hemodialysis 
patients has a vast geographic variation in different 
regions of Iran (Table 4[91-119]). According to a recent 
meta-analysis study in Iran, prevalence of HCV 
infection among this group of patients was reported 
to be 13.6%, 12.2%, and 7.6% by ELISA, RIBA, and 
PCR, respectively, which is lower than those of Saudi 
Arabia (50.5%), Kuwait (43.4%), Jordan (32.5%), 
and Pakistan (23.7%)[91-94] but higher than those of 
Australia (2.3%), United Kingdom (2.7%), Germany 
(3.9%), and Bahrain (7.4%)[95-97]. The risk of HCV 
infection is extremely high among hemodialysis 
patients[11]. Recent surveys show that the prevalence 
of HCV infection among hemodialysis patients is not 
related to history of blood transfusion. Considering the 
fact that the length of time on dialysis is significantly 
associated with HCV seropositivity, the nosocomial 
transmission is the main route of HCV transmission 
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Table 4  Prevalence of hepatitis C virus among hemodialysis in Iran

Author Year of study City or province Location No. of 
participants

No. of positive 
samples

Prevalence Test Ref.

Makhlough 2006 Mazandaran North 186   39 21.0% ELISA [99]
  21 11.3% RT-PCR

Amiri 2001 Gilan North 298   80 26.8% ELISA [100]
  74 24.8% Immunoblot

Joukar 2008 Gilan North 514   61 11.9% ELISA [101]
  32   6.2% RT-PCR

Samimi-rad 2005 Markazi West-Center 204   11   5.4% ELISA, RIBA and 
RT-PCR

[102]

Bozorghi 2006 Qazvin West-Center   89     9 10.3% ELISA [103]
    6   6.4% RIBA

Somi 2012 Tabriz North-West 455   37   8.1% ELISA [104]
Zahedi 2010 Kerman South-East 228   16   7.0% ELISA [105]

    7   3.0% PCR
Kalantari 2010-2011 Isfahan Center 499   26   5.2% ELISA [106]
Zamani 1998–2005 Amol, Tonekabon, 

Rasht and Ramsar
North 334   67 20.0% ELISA, RT-PCR [107]

Mazandaran and 
Gilan provinces

Assarehzadegan 2005-2006 Khuzestan South-West 214   34   7.9% ELISA, RT-PCR [108]
Nemati 1990-2006 Tehran Center 112     6   5.3% ELISA, RT-PCR [109]
Sotoudehjahromi 2006 Jahrom South   34     3   8.8% ELISA [110]

    2   5.9% RIBA
Alavian 2003 Tehran North-Center 838 176 21.0% ELISA [111]

111 13.2% RIBA
Broumand 2002 Tehran North-Center 548 105 19.6% ELISA [112]

  51 9.33% RT-PCR
Nasiri-Toosi 2007 Tehran North-Center 130   11   8.5% ND [113]
Mohammad-Alizadeh 2002 Hamedan West   96     9 11.4% ELISA [114]
Saboor 1999-2000 Kermanshah West 140   37 26.4% ELISA [115]
Jabbari 2008 Golestan North-East   93   23 24.7% ELISA, RIBA [116]
Ansari 2005-2006 Urmia North-West   50   19 38.0% EIA [117]

  12 24.0% RT-PCR
Hassanshahi 2006-2007 Kerman South-East 203   64 31.5% ELISA, RT-PCR [118]
Ansar 1997-1998 Gilan North   93   52 55.9% ELISA [119]

ND: Not defined; ELISA: Enzyme linked immunosorbent assay; RT-PCR: Reverse transcriptase polymerase chain reaction; RIBA: Recombinant immunoblot 
assay.

Taherkhani R et al . HCV in Iran



among Iranian hemodialysis patients[11,98].

HCV in hemophilia patients
Hemophilia patients may acquire HCV infection 
via contaminated blood products[98]. In Iran, the 
prevalence of HCV among hemophilia patients is very 
high, with an overall prevalence of 40.8%[98] and has 
a wide geographic variation (Table 5[120-134]). Most 
of the HCV infections among hemophilia patients 
are asymptomatic and may lead to liver failure. 
Therefore, routine screening for HCV infection in 
hemophilia patients is required to prevent the serious 
consequences of HCV infection[27].

HCV in thalassemia patients
HCV is a major cause of mortality in thalassemia 
patients due to post-transfusion HCV infection, 
which dramatically progresses to liver failure or 
even HCC[27,135]. Therefore, HCV infection is currently 
considered the main health problem in thalassemia 
patients, and much more attention to HCV screening 
in the blood transfusion process may improve survival 
of thalassemia patients[136]. Even though the current 
policies of blood banks have considerably decreased 
the incidence of HCV infection in thalassemia patients, 
blood transfusion remains the main risk factor for HCV 
infection among this group of patients because of 
transfusion of HCV-infected seronegative blood donated 

during the window period[27,136,137]. Therefore, the rate of 
HCV infection is high among thalassemia patients[137]. 

The geographical distribution of HCV infection 
among thalassemia patients varies widely in different 
regions of Iran (Table 6[86,118,119,127-129,137-151]), but a 
recent meta-analysis study reported the overall HCV 
prevalence is 18% among thalassemia patients in 
Iran[136]. Iran has the lowest rate of HCV infection 
among thalassemia patients in comparison with 
Eastern Mediterranean countries[136]. High prevalence 
of HCV infection has been reported among thalassemia 
in Egypt (69%), Saudi Arabia (63%), and Pakistan 
(45%)[136]. 

HCV in health care workers
Health care workers are at the risk of acquiring HCV 
infection due to occupational exposures to blood and 
blood-derived body fluids[152]. There are few reports 
on the prevalence of HCV infection among health care 
workers in Iran. In Shoaei et al[153], HCV infection 
status was negative in 203 health care workers in 
Isfahan city in 2012. Similarly, all 191 health care 
workers were tested negative for HCV antibodies in 
Shahrud province in 2010[154]. Hadadi et al[155] reported 
a HCV prevalence of 6.6% (31/467) among health 
care workers in Tehran in 2004-2005, and Sarkari 
et al[86] reported a HCV seroprevalence of 4.2% 
among 212 health care workers in Kohgiloyeh and 
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Table 5  Prevalence of hepatitis C virus among hemophilia patients in Iran

Author Year of study City or province Location No. of 
participants

No. of positive 
samples

Prevalence Test Ref.

Mansour-Ghanaei 1999 Gilan North   101   72 71.30% RIBA [120]
Torabi 2004 East Azarbaijan North-West   130   72 56.00% ELISA, RIBA [121]
Valizadeh 2010 West Azarbaijan North-West     35     3 8.57% ELISA, RIBA 

and RT-PCR
[122]

Mousavian 2003-2005 Tehran North-Center 1095 802 72.30% ELISA and RT-
PCR

[123]

Kalantari 2008-2010 Isfahan Center   615 495 80.50% ELISA [124]
347 56.40% RT-PCR

Mobini 2006 Yazd Center     77   41 53.20% ELISA [125]
  38 49.40% RT-PCR

Yazdani 1996-2010 Isfahan Center   350 231 66.00% ELISA [126]
Javadzadeh 
Shahshahani

2003 Yazd Center     74   36 48.60% ELISA and 
RIBA

[127]

Samimi-Rad 2004 Markazi West-Center     76   34 44.70% ELISA [128]
  33 43.40% RIBA
  23 30.26% RT-PCR

Mahdaviani 2004 Markazi West-Center     68   26 38.20% ELISA [129]
  25 36.70% RIBA

Karimi 1999-2000 Shiraz South   281   44 15.65% ELISA and 
immunoblot

[130]

Assarehzadegan 2008-2009 Ahvaz South-West     87   47 54.00% ELISA [131]
  42 48.30% RT-PCR

Zahedi 2002 Kerman South-East     97   43 44.30% ELISA and 
RIBA

[132]

Sharifi-Mood 2003-2006 Zahedan, 
Sistan and Baluchistan

South-East     81   24 29.60% ELISA and 
immunoblot

[133]

Esfahani 2012 Hamadan West     89   44 49.40% ELISA [134]
  15 16.70% RT-PCR

Taherkhani R et al . HCV in Iran
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Boyerahmad province in 2009-2010.
The global prevalence of HCV infection among 

health care workers is 1%-6%[156]. After HBV, HCV is 
the most common blood-borne infection found among 
health care workers. Needle-stick or sharp injuries and 
mucosal exposure following blood splash are the most 
common risk factors for HCV infection among health 
care workers[152,153]. Therefore, prevention strategies 
and training programs are needed for health care 
workers to reduce the incidence of HCV infection in this 
group.

HCV in homeless people
Homeless people are one of the main high-risk groups 
for acquiring HCV infection because of high-risk 

behaviors, lifestyle, low levels of education, poverty, 
and poor hygiene[157,158]. There are over 100 million 
homeless people worldwide, and the prevalence of HCV 
infection among this group varies from 3.9% to 36.2% 
in different parts of the world[159]. Currently, there are 
no data on the number of homeless people in Iran, 
and only a few studies are available on the prevalence 
of HCV infection among homeless people in Tehran, 
the capital of Iran. Amiri et al[157] reported a HCV 
prevalence of 23.3% among 593 homeless individuals 
in Tehran in 2012. In another study by Vahdani et 
al[158], the prevalence of HCV infection was found to 
be 42.8% among 202 homeless men in Tehran city 
in 2007. According to the available data in Iran, the 
prevalence of HCV infection is considerably high among 
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Table 6  Prevalence of hepatitis C virus among thalassemia patients in Iran

Author Year of study City or province Location No. of participants No. of positive 
samples

Prevalence Test Ref.

Mirmomen 2002 Tehran North-Center 410   80 19.6% ELISA, RIBA [138]
Kerman South-East 100   18 18.8%
Qazvin West-Center   95   23 25.3%
Semnan East-Center   81   19 24.4%
Zanjan West   46     1   2.2%

Total 732 141 19.6%
Ansar 1997-1998 Rasht North 105   67 63.8% ELISA [119]
Ghane 2010-2011 Gilan and 

Mazandaran
North 245   46 18.8% ELISA [139]

  28 11.4% Nested-PCR
Tamaddoni 2005 Babol North 113   12 10.6% ELISA [140]
Mansouritorghabeh 2007 Mashhad North-East 360   30 8.33% ELISA [137]
Alavi ND Tehran North-Center   90 

(pediatric patients)
  12 13.3% ELISA, RT-PCR [141]

Alavian 2002 Qazvin West-Center   96   23 24.2% ELISA, RIBA [142]
Samimi-Rad 2004 Markazi West-Center   98     7   7.1% ELISA [128]

    5   5.1% RIBA
    2   2.04% RT-PCR

Bozorgi 2005 Qazvin West-Central 207   54   26.1% ELISA [143]
  50 24.01% RIBA

Azarkeivan 1996-2009 Tehran North-Center 395 109 27.5% EIA, RIBA [144]
Mahdaviani 2004 Markazi West-Center   97     9   9.2% ELISA [129]

    7   7.2% RIBA
Nakhaie 1999-2000 Tehran North-Center 507 122 24.0% ELISA [145]

  41   8.1% RT-PCR
Kalantari 2008-2010 Isfahan Center 545   50   9.1% ELISA [124]

  31   5.6% RT-PCR
Ataei 1996-2011 Isfahan Center 466   37   8.0% ND [146]
Javadzadeh 
Shahshahani

2003 Yazd Center   85     8   9.4% ELISA, RIBA [127]

Karimi 1999-2000 Shiraz South 466 
(pediatric patients)

  73 15.7% ELISA and 
immunoblot

[147]

Kashef 2006 Shiraz South 131   24 18.3% ELISA and 
immunoblot

[148]

    7   5.3% RT-PCR
Kadivar 1999 Shiraz South 147   40 27.2% ELISA [149]
Shahraki 2005-2007 Zahedan South-East 560 

(pediatric patients)
  30   5.3% ELISA [150]
  20   3.5% PCR

Hassanshahi 2006-2007 Kerman South-East 181   81 44.7% ELISA, RT-PCR [118]
Ghafourian 
Boroujerdnia

2005-2006 Ahvaz South-West 206   58 28.2% ELISA [151]
  46 22.3% RT-PCR

Sarkari 2009-2010 Kohgiloyeh and 
Boyerahmad

South-West   49     3   6.1% ELISA [86]

ND: Not defined; ELISA: Enzyme linked immunosorbent assay; RT-PCR: Reverse transcriptase polymerase chain reaction; RIBA: Recombinant immunoblot 
assay.
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the older homeless population and homeless IDUs, 
especially those with a history of imprisonment[157,158]. 
The seroprevalence of HCV was reported to be 3.5% 
among the street children in Tehran city in 2008[160], 
while it was 1.0% in Isfahan city in 2005-2007[161].

The prevalence of HCV infection among homeless 
populations is higher than the other blood-borne 
infections, therefore, HCV infection is the main health 
problem among homeless population of Iran and 
implementation of HCV-controlling and educational 
programs are required to reduce HCV infection among 
this population[157,158,161].

HCV in human immunodeficiency virus-positive patients
Prevalence of HCV coinfection among human immuno-
deficiency virus (HIV) positive patients ranges from 
11.5% to 94.0% in different regions of Iran[85,162] (Table 
7[85,162-174]). This geographic variation in HCV/HIV 
coinfection reflects diversity of the risk factors, the 
types of exposure, and the epidemiology of these 
viruses in different regions of the country[163,164]. 
However, in all of these studies, intravenous drug use 
and a history of imprisonment were the most prevalent 
risk factors for HCV/HIV co-infection in Iran[164-169].

The prevalence of HCV coinfection is noticeably high 
among HIV-positive patients in Iran. The shared modes 
of transmission and the lack of an effective vaccine 
for HCV could explain this high prevalence[163-165,169,170]. 
In Iran, HCV and HIV are predominantly transmitted 
by injecting drug use[165,170,171]. Moreover, the rate of 
IDUs is increasing in Iran, which may boost the rate of 
HCV/HIV coinfection in the country[163]. 

HCV coinfection adversely affects HIV disease 
outcomes and leads to severe liver disorders, pro-
gression to cirrhosis and HCC, and subsequently lower 
survival of HIV infected patients[163-165]. HIV infection 
leads to higher rates of HCV persistence, increased 

risk of hepatotoxicity due to the extensive use of 
anti-retroviral drugs, and subsequently accelerated 
end stage liver disease[164,169-171]. Overall, one third 
of mortalities in HIV infected patients are related to 
liver diseases[163,164,170]. Therefore, HCV coinfection is 
considered a potential threat to HIV positive patients, 
and routine screening for HCV infection, as well as HCV 
treatment, seem to be necessary in all HIV-positive 
patients[164,165,169,172].

HCV IN IMMUNOLOGICAL DISORDERS
HCV in patients with mixed cryoglobulinemia
Mixed cryoglobulinemia is the most common immu-
nological disorder reported in patients with chronic 
HCV infection[175-177]. The prevalence of HCV infection 
in patients with mixed cryoglobulinemia ranges from 
40% to 90% worldwide[178]. Several studies have 
reported HCV infection as the etiological agent of 
mixed cryoglobulinemia[176,179,180]. Gharagozloo et 
al[181] reported an anti-HCV prevalence of 69% among 
patients with mixed cryoglobulinemia in Iran. In Owlia 
et al[182], 16% of patients (8/50) with HCV infection 
had cryoglobulins in central regions of Iran. However, 
this rate was relatively low in comparison with the high 
incidence of mixed cryoglobulinemia (19%-> 50%) 
among patients with chronic HCV infection.

HCV in patients with diabetes mellitus
Diabetes mellitus is one of the most prevalent 
metabolic disorders, and it affects 4.6%-10.0% of the 
Iranian population[183]. In 1994, a possible association 
between HCV infection and diabetes mellitus was 
first introduced[184]. Since then, many studies have 
demonstrated that HCV infection has a role in the 
activation of host innate immune responses and, via 
the TNF-α pathway, induces the destruction of insulin 
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Table 7  Prevalence of hepatitis C virus among HIV-positive patients in Iran

Author Year of study City or province Location No. of 
participants

No. of positive 
samples

Prevalence Test Ref.

Babamahmoodi 2008-2010 Mazandaran North     80     27   33.8% ELISA [173]
Ramezani 1999-2004 Tehran North-Center     95     65   68.0% ELISA [167]
SeyedAlinaghi 2004- 2005 Tehran North-Center   201   135   67.2% ELISA [170]
Ataei 1998-2007 Isfahan Center   130   100   77.0% ELISA and RIBA [168]
Davarpanah 2006-2007 Shiraz South   226   200   88.5% ELISA [166]

  196   86.7% RIBA
    59   26.1% RT-PCR

Khosravi Fars South   101     87   86.1% ELISA [172]
Alipour 2011 Shiraz South 1444 1132   78.4% ELISA [169]
Davoodian 2002 Bandar Abbas and 

Roodan
South     38     35   94.0% ELISA [85]

Zahedi 2011 Kerman South-East   165   122   73.9% ELISA [165]
Sharifi-Mood 2000-2005 Zahedan South-East     52       6   11.5% ND [162]
Alavi 2001-2003 Ahvaz South-West   104     77 74.04% ELISA [171]
Saleh 2013 Khorramabad, Lorestan West   103     23   22.3% ELISA [174]
Mohammadi 2007-2008 Lorestan West   391   282   72.0% ELISA [163]

ND: Not defined; ELISA: Enzyme linked immunosorbent assay; RT-PCR: Reverse transcriptase polymerase chain reaction; RIBA: Recombinant immunoblot 
assay.

Taherkhani R et al . HCV in Iran



signaling pathways and subsequently the development 
of insulin resistance[185]. In addition, immune-mediated 
pathogenesis or direct cytotoxic effects of HCV on 
pancreatic islet cells results in dysfunction of β cells and 
declines the insulin production[183,185-188]. Although HCV 
infects the pancreas, autoimmunity is not involved in 
the occurrence of diabetes[186].

Several studies have shown that the prevalence of 
HCV among diabetic patients is significantly higher than 
that in non-diabetic patients[187,189,190]. Interestingly, 
male gender, age over 40 years, and abnormal liver 
enzymes are associated with high prevalence of HCV 
infection among patients with diabetes mellitus[191]. 
Although there are several reports on the prevalence 
of HCV infection among patients with diabetes 
mellitus in Iran, the results show great heterogeneity. 
Aghamohammadzadeh et al[192] reported HCV 
seropositivity in 2.5% (10/400) of Iranian patients with 
diabetes mellitus in Tabriz. In addition, Alavian et al[193] 
showed an increased risk of diabetes mellitus among 
Iranian patients with chronic HCV infection in Tehran. 
While, Janbakhsh et al[194] reported no association 
between HCV infection and the occurrence of diabetes 
in Kermanshah. Metanat et al[195] found no association 
between HCV and diabetes in Zahedan, and Bahar et 
al[196] reported similar findings in Tehran.

According to the epidemiological data, patients 
with chronic HCV infection are at an increased risk for 
developing diabetes[191,197,198]. HCV infection is a risk 
factor for occurrence of diabetes, and diabetes will 
enhance the risk of liver fibrosis, cirrhosis, and finally 
progression to HCC[187]. Therefore, screening of all HCV 
positive patients for diabetes mellitus is recommended 
to reduce the adverse effects associated with diabetes 
on HCV infection, which may progress to liver fibrosis, 
cirrhosis, or even HCC.

The incidence of diabetes mellitus among HCV 
positive patients ranges from 23% to 62% in different 
parts of the world[183]. This incidence is 18.3% among 
Iranian HCV-infected patients, which is higher than 
that in the general population of Iran[183]. Compared 
to other parts of the world, the prevalence of diabetes 
mellitus among Iranian patients with HCV infection is 
low. Overall, there are no adequate studies in this field 
in Iran. Therefore, more surveys are recommended 
to clearly identify the frequency of diabetes mellitus 
among HCV-infected patients in Iran. 

HCV in patients with autoimmune thyroid disorders
Autoimmune thyroid disorders (ATD), including 
Hashimoto’s thyroiditis and Graves’ disease, are the 
most prevalent endocrine problems worldwide[199,200]. 
Many investigators have investigated the possible 
association between chronic HCV infection and 
autoimmune thyroiditis. However, the exact role of 
HCV infection in the development of autoimmune 
thyroiditis remains unclear[201]. Investigations have 
suggested several mechanisms, including the following: 

(1) Non-autoimmune-mediated pathogenesis through 
direct cytopathic effect of HCV on thyrocytes, which 
results in destruction of thyroid follicular cells[201]; 
(2) Autoimmune-mediated pathogenesis due to 
the presence of homologous amino acid sequences 
between viral proteins and thyroidal proteins or 
molecular mimicry and over activation of autoreactive 
T-cells and B-cells during HCV infection, which results 
in production of anti-thyroid antibodies[200-202]; and 
(3) The adverse effects of IFN-therapy on thyroid 
gland through immune stimulatory and direct effects 
of IFN on the thyrocytes, which ultimately results in 
destructive thyroiditis[199,201,203]. Therefore, monitoring 
thyroid function is recommended during IFN-therapy in 
patients with HCV infection[201,204]. 

There are limited reports on the significance of 
HCV infection in patients with ATD in Iran. Ziaee et 
al[204] reported thyroid dysfunction in 10.3% of patients 
with chronic HCV infection in Tehran in 2002-2003, 
while, Rahimi et al[205] found no relationship between 
chronic HCV infection and autoimmune thyroiditis 
in Kermanshah in 2010. Similarly, Jadali et al[206,207] 
reported no relationship between HCV infection and 
Hashimoto’s thyroiditis or Graves’ disease in Tehran 
in 2005. Still, more studies are recommended to 
generate a clear epidemiological pattern of HCV 
infection among patients with thyroid disorders in Iran.

HCV in patients with lichen planus
Lichen planus (LP) is a chronic inflammatory disease 
of the skin and mucous membranes with unknown 
etiology[199,208,209]. Chronic HCV infection appears to 
have a role in the pathogenesis of LP through induction 
of host immune responses and immune dysregulation 
in susceptible patients[200,210,211]. This mechanism 
was confirmed by the presence of HCV-RNA and 
HCV-specific T lymphocytes in the skin and mucous 
membrane specimens of patients with LP[200,209]. 
Another possibility is the effect of IFN-therapy in the 
development of LP in patients with HCV infection[209]. 
However, HCV replicates in skin and mucous lesions of 
patients with LP, but no direct cytotoxic effect of HCV 
on skin and mucosa cells could be proposed in the 
development of LP[209]. The majority of patients with 
LP have not been infected with HCV[212]. In addition, 
the incidence of LP among patients with chronic HCV 
infection was estimated about 5% (1%-6%)[199,209]. 
Therefore, it seems that HCV contributes to the 
development of LP, with some unknown underlying 
factors also involved in this process[210]. 

According to the epidemiological data, the preva-
lence of HCV among LP patients varies considerably 
from 4% to 62% in different parts of the world, 
where this prevalence is higher in HCV endemic 
countries[209,210]. There are limited reports on the 
prevalence of HCV among patients with LP in Iran. 
Rabiei et al[213] reported high prevalence of oral lichen 
planus (OLP) in HCV-infected patients (4.7%) compared 
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to the general population (0.5%-2.0%) and suggested 
an association between HCV infection and OLP in Gilan 
in 2002. Similary, Khatibi et al[214] reported a higher 
prevalence of OLP in HCV-infected patients (4%) than 
the general population in Tehran. In contrast, Rahnama 
et al[215] reported no association between LP and HCV 
in Kerman in 2005. Similarly, Taghavi Zenouz et al[216] 
found no relationship between LP and HCV in Tabriz 
in 2009, and Ansar et al[208] reported a similar result 
in Hamedan province in 2011. Overall, Petti et al[212] 
reported a weak association between HCV and OLP in 
Iranian population. Further investigations are needed 
to clearly identify the association between HCV and LP 
in Iran.

HCV IN MALIGNANCY
HCV in patients with B-cell non-Hodgkin’s lymphoma
HCV is not only primarily hepatotropic, but it can also 
affect lymphatic systems and lead to B cell lympho-
proliferative disorders such as non-Hodgkin’s lymphoma 
(NHL)[217]. Few studies have evaluated the relationship 
between HCV seropositivity and the incidence of NHL 
in Iran. Aledavood et al[218] reported low prevalence 
of HCV infection among patients with NHL (0.7%) 
compared to the general population (0.5%-1%) and 
found no relationship between HCV infection and NHL 
in Northeast of Iran in 2014. In contrast, Rezaeian et 
al[219] reported high prevalence of HCV in patients with 
NHL (15.7%) compared to the control group (0%) and 
suggested an association between HCV infection and 
NHL. Similarly, Rastin et al[217] found a HCV prevalence 
of 7.4% among patients with NHL in Mashhad city. NHL 
is prevalent worldwide and is the eighth and 11th most 
common cancer in males and females, respectively[220]. 
Although the exact risk factor for NHL has not yet been 
determined, it seems that HCV infection has a role in 
the pathogenesis of this lymphoproliferative disorder[178].

According to the results of a meta-analysis 
study, the global prevalence of HCV infection in NHL 
patients is approximately 15%, which is higher than 
the prevalence of HCV in general population (1.5%), 
suggesting a possible role of HCV infection in the 
development of NHL[221]. Although the role of other 
factors, such as genetic and environmental factors, 
should also be considered in the pathogenesis of NHL 
malignancy[217,221]. 

HCV in patients with HCC
HCC is the fifth most common malignancy and the 
second most fatal cancer, with approximately 600000 
deaths annually worldwide[222]. HBV and HCV infections 
account for 50% and 25% of global HCC cases, 
respectively. However, HCV infection is the most 
predominant cause of HCC in Japan and the United 
States[222]. Iran is considered a low endemic area for 
HCC, with less than five cases per 100000 persons 
annually[26,223]. Kerman province, located in Southeast of 

Iran, has a higher incidence of HCC compared to other 
provinces. This may be due to higher frequency of HBV 
and HCV infections in this part of the country[224]. 

In Hajiani et al[225]’s study, the seroprevalence of 
HBV and HCV infections among patients with HCC in 
southern Iran were 52.1% and 8.5%, respectively. 
They pointed out that the prevalence of HCV infection 
among HCC patients may be underestimated due to 
the potential contribution of occult HCV infection in 
the development of HCC. Therefore, the prevalence 
of occult HCV infection among patients with HCC 
should be investigated in future surveys. Ansari et 
al[135] found a very low incidence of HCC (0.6%) 
among thalassemia patients with HCV infection due 
to the anti-HCV treatment in this group of patients. In 
Iran, HCV is the second most common cause of HCC 
after HBV infection[26,223]. However, it is predicted that 
chronic HCV infection will replace HBV infection as the 
main cause of HCC in the future[26].

DISTRIBUTION OF HCV GENOTYPES IN 
IRAN
HCV genotypes differ in their nucleotide sequence and 
biological properties, such as pathogenicity, infectivity, 
antigenicity, response to antiviral therapy, mode of 
transmission, as well as geographical distribution 
and age-distribution[226,227]. Distribution of HCV 
genotypes is variable in different regions of Iran (Table 
8[101,102,128,131,228-251]). Subtypes 1a is more prevalent 
in southern and northern Iran, 3a is more prevalent 
in northern and central Iran, 1b is more prevalent in 
southern and western Iran, and genotype 2 is more 
prevalent in western regions of Iran[4,226,228]. Overall, 
the most frequent genotype in Iran is 1a, followed by 
3a and 1b[4]. 

Distribution of HCV genotypes in Iran is different 
from other Middle Eastern countries with predominant 
genotype 4, but it is similar to the pattern seen in 
North America, with predominant genotypes 1, 2, 
and 3[4]. Genotype 2 is generally uncommon in Iran, 
therefore, the genotypic pattern differs from the United 
States, Europe, and Asia but is similar to Pakistan and 
India, where genotype 2 is very rare[226,229]. Genotype 
4 is uncommon in Iran and only seen in special patient 
groups[226]. A similar pattern regarding genotype 4 is 
seen in Europe, the United States, and India. However, 
due to changes in immigration patterns, the prevalence 
of genotype 4 is increasing in western countries in 
recent years (Table 9)[4,229,230]. Overall, the worldwide 
distribution of HCV genotypes shows that the genotypes 
1, 2, and 3 have a global prevalence, while genotypes 4, 
5, and 6 have a restricted prevalence[4,226,229,231]. 

Different HCV genotypes may be associated with 
particular patient groups. Therefore, the genotypic 
patterns can be used to trace the routes of trans-
mission[4]. Genotype 1 is more prevalent among 
thalassemia, hemophilia, hemodialysis, and solid organ 
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infection in 30 hemodialysis patients in Tehran.
Occult HCV infection has also been found in appa-

rently healthy populations[253,255]. The possible presence 
of occult HCV infection in the general population or 
blood donors poses a real concern about undetectable 
transmission of HCV[255,262]. In a recent study in Italy, 

the prevalence of occult HCV infection was higher than 
the frequency of anti-HCV seropositivity in the general 
population[262]. Therefore, the prevalence of HCV 
infection may be underestimated in the society[253,255], 
and the risk of HCV transmission through blood 
donation may be higher than predicted. Although 
screening of blood reduces the risk of HCV transmission 
by blood transfusion, transmission of occult HCV cannot 
be prevented in this way[253,255]. 

Currently, the prevalence of occult HCV infection 
in the general population of Iran and even blood 
donors is unknown. Therefore, further studies on the 
prevalence and significance of occult HCV in different 
cities are needed to identify the real burden of this 
infection in the country and subsequently in healthy 
subjects, especially among blood donors, to prevent 
the most of unknown transmission of HCV.

CONCLUSION
HCV infects large proportion of the high-risk popu-
lations in almost all regions of Iran and has a role 
in occurrence of different immunological disorders 
and even malignancies. The distribution patterns of 
HCV infection are related to different status of public 
health and the presence of risk factors in the society. 
Available estimates emphasize that injecting drug use 
is the most important risk factor for HCV infection in 
Iran and due to the growth in the number of injecting 
drug users, the prevalence of HCV infection is growing 
in the country. In addition, it seems that injection drug 
use has contributed to the occurrence of the majority 
of new HCV infections in Iran. Even the recent changes 
in the distribution pattern of HCV genotypes in Iranian 
patients confirm this issue. In fact, the predominance 
of risk factors for transmission of HCV has changed 
over time, from blood transfusion to intravenous drug 
use. The possible presence of occult HCV infection 
among the apparently healthy general population 
or blood donors proposes a real concern about 
undetectable transmission of HCV. Therefore, it seems 
that the prevalence of HCV infection will increase in 
near future not only among high-risk groups but even 
in the general population and blood donors of Iran. 
However, by breaking the cycle of infection among 
drug users, the rate of HCV infection will decrease. 
To approach this goal, efforts to screen, prevent, and 
treat HCV infection as well as reduce the high-risk 
behaviors are required. 
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Table 9  Global distribution of hepatitis C virus genotypes[4,229,230]

Region/country Predominant 
genotype/subtype

Uncommon 
genotype/subtype

Latin America
   Peru 1a 2
   Chile and Colombia 1b 2, 1a
   Brazil 1b, 1a, 3 4, 2
   Argentina 1b, 2, 1a 4
North America
   United States 1a, 1b, 2 4, 3
   Canada 1a, 3, 1b 4
Central Europe
   Albania 1b, 2, 4 1a, 3
   Bosnia and Herzegovina, 
   Czech Republic and Croatia

1b, 3 4, 2, 1a

   Hungary 1b, 1a 2, 4
   Romania 1b 3, 4
Western Europe
   Switzerland, Belgium, 
   Germany, Spain and France

1b, 3, 1a 5, 2, 4

   Italy 1b, 2 5, 3, 4
   United Kingdom and 
   Denmark

3, 1a 2

Eastern Europe
   Russia, Latvia, Lithuania and 
   Estonia

1b, 3 1a, 2

Central Africa 4 2
South Africa 5 2
West Africa
   Guinea-Bissau, Ghana and 
   Burkina Faso

2 1

East Africa
   Ethiopia 4, 2 1
North Africa
   Tunisia, Morocco, Algeria 1b, 2 4
Middle East 
   Saudi Arabia, Bahrain, 
   Yemen, Kuwait, Qatar, 
   Iraq and Egypt

4 1, 3, 2

   Jordan 1a, 1b, 4 -
   Iran 1a, 3a, 1b 4, 2
   Turkey 1b 4, 2, 3, 1a
Asia Pacific
   Japan and Korea 1b, 2 1a
Asia, Central
   Uzbekistan, Tajikistan, 
   Turkmenistan and Georgia

1b 1a

East Asia 
   China, Taiwan 1b, 2 1a, 3, 6
   South East Asia
   Laos 6 1
   Philippines 1a, 2 6, 4
   Thailand 3 2
   Myanmar 6 2
   Malaysia 3 4
South Asia 
   Pakistan and India 3 1b, 2, 4
Australasia
   Australia and New Zealand 3, 1a, 1b 4, 2
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Abstract
Hepatitis C virus (HCV) genotypes’ monitoring allows 
real-time insight into the dynamic changes that occur 
in the global epidemiological picture of HCV infection. 
Intravenous drug use is currently the primary driver 
for HCV transmission in developed and developing 
countries. The distribution of HCV genotypes/subtypes 
differs significantly between people who inject drugs 
(PWID) and the general population. HCV genotypes that 
previously exhibited a limited geographical distribution 
(3a, 4) are becoming more prevalent in this high-risk 
group. Immigration from HCV-endemic countries and 
the evolving networks of HCV transmission in PWID 
influence HCV genotypes distribution in Europe. Social 
vulnerabilities (e.g. , unemployment, homelessness, 
and limited access to social and healthcare insurances 
systems) are important triggers for illicit drug use, 
which increases the associated risks of HCV infection 
and the frequent emergence of less prevalent 
genotypes. Genotype/subtype determination bears 
important clinical consequences in the progression of 
liver disease, susceptibility to antiviral therapies and 
the emergence of resistance-associated variants. An 
estimated half of the chronically HCV-infected PWID 
are unaware of their infection, and only one in ten of 
those diagnosed enter treatment. Nevertheless, PWID 
exhibit high response rates to new antiviral regimens, 
and the level of HCV reinfection is unexpectedly low. 
The focus of the healthcare system must be on the 
early detection and treatment of infection, to avoid 
late presentations that are associated with high levels 
of viremia and liver fibrosis, which may diminish the 
therapeutic success rate. 

Key words: Hepatitis C; Hepatitis C virus genotypes; 



HCV belongs to the Flaviviridae family, Hepacivirus 
genus. Humans are the only reservoir for HCV, but 
experimental infection in chimpanzees is possible. New 
members of the Hepacivirus and the related Pegivirus 
genera (pathogens for dogs and horses) have been 
recently discovered in rodents and bats, which serve 
as models for HCV biological studies[6,7]. HCV is an 
enveloped, positive single-stranded RNA virus, and its 
genome encodes three structural (core and envelope 
E1 and E2) and seven non-structural (NS) genes. 
Three NS genes are essential for the viral replicative 
cycle, and these genes are targets for direct-acting 
antivirals (DAA)[8]: (1) NS3-4A protease, which is 
involved in post-translational viral protein processing; 
(2) NS5B viral polymerase, which directs nucleic 
acid replication; and (3) NS5A, which encodes a 
phosphoprotein that participates in genome replication 
and the assembly of progeny virions. 

The error-prone nature of the HCV NS5B poly-
merase and the accumulation of mutations in a small 
hypervariable region in the envelope-encoding genes 
generate a high level of variability. This variability is 
translated in the existence of 7 major HCV genotypes 
(with 30%-35% variation at the nucleotide level); 
67 subtypes (with less than 15% difference at the 
nucleotides level), each composed by a myriad of viral 
quasispecies; and 9 recombinant forms (e.g., the most 
frequently reported, G2k/1b, which is represented 
by multiple isolates)[9,10]. Each genotype exhibits a 
different degree of variability: 7 subtypes in G1; 11 
subtypes in G2; 6 subtypes in G3; 17 subtypes in 
G4; 24 subtypes in G6; and only 1 subtype in G5 
and 7. There are multiple consequences related to 
this enormous viral heterogeneity: (1) reinfections 
with a different genotype are possible because of the 
very limited cross-antigenicity; (2) the emergence 
of immune-escape mutants, which accounts for the 
high rate of chronic infections; (3) the therapeutic 
response is genotype- and subtype-specific; and (4) 
the selection of viral-resistant strains contribute to the 
need for combination therapies. 

The most important method of HCV spreading 
is parenteral transmission via intravenous drug use, 
unsafe medical procedures, including breaches in 
injection safety and infection prevention practices in 
hospitals, and the administration of unscreened blood 
products[11,12]. Approximately 80% of all HCV cases 
are concentrated in low- and middle-income countries 
in the Middle East, North Africa, South and East Asia 
(Table 1). The prevalence of HCV in North America is 
generally low (< 1.5%), with an increase to 5.4%-20% 
in military veterans[13]. The estimated mean prevalence 
of HCV infection is 1.03% in Europe, but large 
geographical variations are registered, from less than 
0.2% in the Northern countries to approximately 
1% in the Western countries. The highest rates are 
reported in Romania (3.3%) and rural areas in Greece 
and Italy[14,15]. The most affected age group is 25-34 
years,  the notification rates are 22.3 in men vs 13.3 
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Core tip: Careful surveillance of circulating hepatitis 
C virus (HCV) genotypes/subtypes is compulsory to 
reconstruct the natural history of HCV epidemics and 
viral transmission chains in high-risk populations, such 
as people who inject drugs (PWIDs). Genotypes 1a and 
3a predominate among PWID worldwide, but genotype 
4 has been reported with increased frequency. This 
review analyzes the factors that underlie the different 
distributions of HCV genotypes in PWID relative to the 
general population and highlights the need for early 
diagnosis and care in this vulnerable group, which 
responds well to new antiviral therapies and exhibits 
unexpectedly low reinfection rates.

Ruta S, Cernescu C. Injecting drug use: A vector for the introduction 
of new hepatitis C virus genotypes. World J Gastroenterol 2015; 
21(38): 10811-10823  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i38/10811.htm  DOI: http://dx.doi.
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INTRODUCTION
Non-communicable diseases have replaced infectious 
diseases as the most important causes of morbidity 
in the general population in the last two decades. 
Communicable diseases accounted for 24.9% of the 
total 52.8 million deaths reported worldwide in 2010, 
which is an important decrease relative to 1990, 
when these diseases were responsible for 34.1% of 
46.5 million deaths[1]. Human immunodeficiency virus 
(HIV)/acquired immunodeficiency syndrome (AIDS), 
tuberculosis and chronic viral hepatitis are important 
exceptions. There are significant regional variations 
in this trend[2], which highlight the importance of 
continuous epidemiological monitoring of all diseases 
with public health relevance. Chronic hepatitis C is 
a significant cause of liver-related morbidity and 
mortality. There are more than 180 million persons 
chronically infected with the hepatitis C virus (HCV) 
worldwide who are at risk of developing liver cirrhosis, 
end-stage liver disease and hepatocellular carcinoma. 
An additional 3-4 million persons are newly infected 
each year[3]. It is estimated that 57% and 78% of 
patients with active viral replication will develop 
cirrhosis and hepatocellular carcinoma, respectively, 
within two or three decades in the absence of antiviral 
treatment, with 500000 deaths reported annually[4]. A 
large community-based Australian study demonstrated 
that people with hepatitis C exhibited a significantly 
increased risk of liver-related deaths compared with 
the general population[5].



in women per 100000 population. However, the male-
to-female ratio varies considerably between countries 
and ranges from 0.6 in Romania to 17.7 in the 
Netherlands[15,16].

The seroprevalence data must be interpreted 
cautiously, because the methodology for HCV 
screening is not uniform across different regions. 
National estimates in Europe sometimes derive from 
targeted studies in specific regions of a single country, 
in non-clinical settings, or in selected populations[17]. 
A targeted screening strategy involves the testing of 
persons who are at risk for acquiring HCV infection 
(e.g., drug users, HIV-infected subjects, inmates, 
migrants from endemic countries, etc.) or persons 
with clinical signs or biochemical modifications that are 
suggestive of liver disease. The Center for Diseases 
Control (CDC) in the United States recommended 
HCV birth-cohort screening for persons born from 
1945 to 1965[18,19]. A strategy aimed at reducing 
the discrepancies in reporting and promoting early 
HCV diagnosis and access to treatment is needed in 
Europe. Persons who exhibit positive HCV antibody 
results must be tested for active viral replication to 
confirm the diagnosis and assess the need for HCV 
therapy[20-22]. 

INTRAVENOUS DRUG USE - 
THE PRIMARY DRIVER OF HCV 
TRANSMISSION
People who inject drugs (PWID) account for 0.2%-0.5% 
of the world’s population, but represent approximately 
6.8% of persons infected with HCV[12,23]. The global 
seroprevalence of HCV infection in PWID is approxi-
mately 51%, which means that at least 7.2 million 
PWID are living with HCV[12].

It is estimated that 1980000 years of life were lost 
because of drug dependence in 2010, and 494000 
years of life were lost because of HCV infection 
associated with unsafe intravenous drug use (IDU)[23].

China, Russia, the United States and Brazil are 
home to the largest drug-injecting populations[24], with 
an estimated 1.3-1.6 million PWID infected with HCV 
per country[25]. High HCV seroprevalence rates that 

reach 80% are also reported in PWID from Mexico, 
Pakistan and Thailand[24,25]. Almost half of the 590000 
people aged 18-29 years who reported intravenous 
drug use in the US are HCV infected[26,27], and the 
seroprevalence rates reach 98.7% in people who have 
used drugs for more than 30 years[28,29].

IDU is the most commonly reported HCV trans-
mission route in Europe, and it represents the main 
risk factor for acute (33.3%) and chronic hepatitis 
C cases (83.7%)[14,30]. IDU is becoming prevalent in 
Northern and Southern European countries, where it is 
replacing the iatrogenic transmission that was recorded 
for decades[31,32]. Almost all European countries exhibit 
high HCV seroprevalence rates in PWID, with only 
the Czech Republic, Hungary and Slovenia reporting 
levels under 30%[33]. Table 2 presents a more detailed 
picture of the current levels of HCV infection in the 
top ten most populated European countries that are 
representative of this geographical region. 

An alarming rising trend in HCV seroprevalence 
in PWID was observed in several European countries 
in 2005, including Austria, Bulgaria, Cyprus, Greece 
and Romania. Very high levels in the incidence and 
prevalence of drug-associated HCV infection were 
also reported in 2013 in Latvia, Portugal, Turkey and 
Cyprus[33,34]. In contrast, the figures for Germany, 
France, the United Kingdom and Italy exhibited a 
downward trend from previous years[31,33], which 
reflects good performances in case-finding and case-
screening approaches. 

An upsurge in the prevalence of HCV infection is 
an epidemiological indicator of injection-related HIV 
infection risk in PWID[35,36]. For example, high rates 
of HCV infection in PWID preceded by several years 
important HIV outbreaks in Greece and Romania[37]. A 
recent meta-analysis demonstrated that the incidence 
of HCV infection in PWID in the European Union (EU) 
was as high as 66/100 person-years, and half of 
the chronically infected PWID were unaware of their 
infection status[34]. 

Significant risk factors for drug-associated infectious 
diseases have been identified in many European 
countries[33,38-42]: (1) a switch to drugs that allow a 
higher injection frequency, such as new psychotropic 
substances; (2) decreases in needle and syringe 
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Table 1  The burden of hepatitis C virus infection in the WHO regions and the proportion of people who inject drugs

WHO regions Population 
(millions)1

Estimated HCV 
seroprevalence2 (%)

Estimated prevalence of viremic 
persons3 (%)

Proportion of PWID lowest-highest 
estimates4

Africa 1396 1.0-5.3 0.6-4.1 55-97
Latin America   572 0.9-1.3 0.6-1.0 69-96
North America   355 1.3 0.8-1.0
Europe   751 0.9-3.3 0.6-2.3 36-69
Asia 3985 1.1-5.4 0.7-2.3 50-53

Data sources: 1World health statistics, 2014 (available from: www.who.int/world_health_statistics); 2Mohd Hanafiah K, 2013[3]; 3Gower E, 2014[10] and Global 
Health Observatory Data Repository (http://apps.who.int/gho/data); 4World Drug report 2014[12]. PWID: Proportion of people who inject drugs; HCV: 
Hepatitis C virus.
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(worldwide[13,43-51]) and 4 (European Regions[10,16,43,52-54]).
HCV genotype 1 is the most prevalent genotype 

worldwide; subtype 1a prevails in Northern America, 
Japan and Northern Europe, and subtype 1b is 
dominant in Southern Europe and Japan[43,50] and 
exhibits a high frequency in Northern Africa. 

HCV genotype 2 is reported in North America, 
Japan, Western Africa[55] and Europe (e.g., 2a/c has 
been isolated in Northern Italy[56] and 2c has been 
isolated in Southern Italy[57]). Genotype 2a and 1b 
were identified as the major HCV genotypes circulating 
in former blood donors from rural China[58].

HCV subtype 3a is endemic in South Eastern 
Asia, but it is spreading in PWID in United States and 
Europe, with Germany, France, Italy, and Portugal 
reporting an increased prevalence of genotypes 1a and 
3a[59-62]. Mixed infections have been reported in Italy 
(1b/3a), Germany (2a/3b), and Sweden (1a/1b)[10].

HCV genotype 4 dominates in the Middle East 
and Africa. Genotype 4 is responsible for 90% of the 

coverage (< 100 syringes per PWID per year, 
which represents a low coverage level even for HIV 
transmission) were reported in Romania, Greece, 
Cyprus, Slovakia, Hungary, Belgium and Norway; 
and (3) low levels (< 30%) of substitution treatment 
coverage, reported in Cyprus, Latvia, Lithuania, 
Hungary, Poland and Slovakia. 

These data highlight the continuous potential for 
HCV-HIV epidemics to spread throughout Europe 
and jeopardize the efforts to decrease or stabilize the 
seroprevalence of blood-borne infections. 

THE DISTRIBUTION OF HCV GENOTYPES 
IN THE GENERAL POPULATION
HCV genotypes and subtypes exhibit a distinct 
geographical distribution, illustrated in Tables 3 
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Table 2  Hepatitis C virus infection prevalence in the general population and in people who inject drugs in the most populated 
European countries

Country Population 
(millions)1

Injecting drug use 
(rate/1000 inhabitants)2

HCV prevalence in the general 
population3

HCV prevalence in PWID4

Germany 80.4 4.25-5.04 0.7 51
France 65.6 6.7-8.8   0.85 73
United Kingdom 63.7 3.3 0.6    47.9
Italy 59.5 10 3.0 61.0-64.8
Spain 41.0 0.2 1.5 73.3-85.9
Poland 38.5 2.9 1.5 44.3 72.4
Romania 20.0 NA 2.1-2.4    82.4
Netherlands 16.7 0.2 0.2 50-86
Greece 10.9 1.1 > 1.5 60-73
Sweden   9.5 4.9 0.5 83

Data sources: 1World health statistics 2014 (available from: www.who.int/world_health_statistics; 2,4ECMDDA, 2013[33]; 3Mühlberger N, 2009[30] and 
Cornberg M, 2011[16]. NA: Not available. PWID: People who inject drugs; HCV: Hepatitis C virus.

Table 3  The worldwide prevalence of hepatitis C virus 
genotypes

Area The most 
prevalent 
genotype

Frequency 
of other 

genotypes

First author

North America G1 (80%) G2 (11.1%) Thomas et al[13], 2012
1a- the most 

common
G3 (7.4%)
G4 (1.2%)

Europe G1 (60%) G3 (20%); Messina et al[43], 2015
1b- the most 

common
G4 (18%)

South-East G3 (65%) G1 (25%) Mao et al[44], 2014
Asia G1 prevails in 

China, G6 also 
reported

Li et al[45], 2015

Middle East G4 (70%) G1, G2, G6 Ray et al[46], 2000
and North Africa Ramia et al[47], 2012
Sub-Saharan and 
Central Africa 

G4 G5 and G6, 
G1a, 1b, 2a, 2b

Papastergiou et al[48], 
2015

South Africa G 5 G1, 2, 3, 4 Gededzha et al[49], 
2014

Asia Pacific and 
Latin America

G1a G 1b, 2a, 2b Messina et al[43], 2015
Ohno et al[50], 1997
Villar et al[51], 2015

Table 4  Hepatitis C virus genotypes prevalence in the 
European regions

European 
regions

The most 
prevalent 
genotype

Other 
genotypes

Comments First author

Northern 
Europe

1a 1b, 2, 4 G1a frequent 
among PWID

Bruggmann et al[52], 
2014

Western 
Europe

1b 3a (France) G1b-common 
in older age 

groups

Messina et al[43], 
2015

4a (United 
Kingdom, The 
Netherlands, 

Germany)

Payan et al[53], 2005

Southern 
Europe

1b 2a, 2b, 2c, 4 G4 is 
becoming 

more 
frequent

Gower et al[10], 2014
Cifuentes et al[54], 

2015

Eastern 
Europe

1a 1b, 2, 3, 4 Non G1 
genotypes 
reported in 
migrants

Cornberg et al[16], 
2011

Messina et al[43], 
2015

Ruta S et al . HCV genotypes in injecting drug users



nosocomially transmitted HCV infections in Egypt[63] 
(the country with the highest rate of HCV infections 
worldwide - 15% of the population, associated with 
parenteral treatments for schistosomiasis) and most 
infections in the Democratic Republic of Congo, 
Central African Republic, Liberia, Uganda, Rwanda and 
Gabon[64,65]. Infections with genotype 4 are reported 
with increasing frequency in PWID in Europe. 

HCV genotypes 5, 6 and 7 are rather limited in 
their distribution. The highest prevalence of genotypes 
5 and 6 is reported in South Africa[49] and Asia[67], 

respectively, and genotype 7 was isolated from an 
emigrant from Congo[68]. A cluster of genotype 5a 
infections was also recently reported in the Rhodes 
island of Greece[69].

HCV GENOTYPES CIRCULATING IN PWID
A careful surveillance of circulating genotypes and 
subtypes is compulsory to reconstruct the natural 
history of HCV epidemics and viral transmission chains 
in this high-risk population. Genotypes 1a and 3a 
predominate in PWID worldwide. Russia and Estonia 
reported high rates of genotype 3a, especially in 
young drug users[70,71]. Genotype 3a is also increasing 
in frequency in Eastern and Central European 
countries, with growing rates in Bulgaria[72], Serbia 
and Montenegro[73], Poland[74] and Romania[75]. PWID 
in England are more likely to harbor genotype 3a 
relative to other risk groups, in which genotype 1a is 
prevalent[76]. 

An increasing proportion of new infections with 
genotype 4, which predominates in the Middle East 
and Africa, was identified primarily in Southern 
European countries, with distinct subtypes prevailing 
in different geographic regions: 4a in Greece[77], 4d 
in Italy[78,79], 4c and 4d in Spain[80], and a local spread 
of subtype 4d in the Netherlands[81]. France reported 
increased rates of genotype 4 (from 15% in 2003 to 

22% in 2012) in persons coinfected with HCV/HIV: 
PWID and men having sex with men[82].

Table 5 presents the overall prevalence of HCV 
genotypes in PWID in the most populated countries in 
Europe. 

FACTORS INVOLVED IN THE DIFFERENT 
PREVALENCE OF HCV GENOTYPES IN 
PWID
HCV genotype monitoring allows a real-time insight 
into the dynamic changes that occur in the global 
epidemiological picture of HCV infection.

Social vulnerabilities
The spreading of HCV genotypes/subtypes differs 
significantly between and within countries, between 
urban and rural settings, and according to the burden 
of risk-groups and economic status. There is a direct 
correlation between the gross national income per 
capita (GNI) and the so-called hepatitis index[83], which 
represents a comprehensive assessment of public 
health performances in the handling and treatment 
of HCV infections (Figure 1). Five main elements 
compose the hepatitis index: prevention (public 
awareness), case identification (screening programs), 
access to treatment (funding and waiting time), 
treatment outcomes (sustained virological response 
and adherence to treatment) and the national health 
strategy[83]. Figure 1 demonstrates that Germany, 
France and the United Kingdom are the top three 
performers, whereas the Baltic States, Hungary and 
Romania exhibit the lowest scores. A national plan for 
viral hepatitis has been implemented in France, and 
similar initiatives are ongoing in Scotland, Germany, 
Bulgaria and Croatia. 

Case studies: Recent HCV/HIV outbreaks in PWID in 
Greece and Romania
The impact of the economic crisis on HCV seropre-
valence and the distribution of circulating genotypes 
was recently illustrated by HCV/HIV outbreaks 
that evolved in PWID in the capital cities of Greece 
(Athens) and Romania (Bucharest) between 2011 
and 2013[84-86]. The gross domestic product per 
capita in Romania (a country with 20.02 millions 
inhabitants) and Greece (a country with 11.06 millions 
inhabitants) is lower than the European Union (EU-27) 
average (representing only 50 and 75 Purchasing 
Power Standards, respectively)[87]. Greece has higher 
unemployment rates than the EU average: 27.3% vs 
10.8% of the total labor force, and 58.3% vs 23.4% 
in persons under 25 years of age. Romania reports a 
slightly higher unemployment rate in young persons 
(23.6% in persons aged under 25 years), but a 
moderate rate of 7.3% in the total labor force[87]. Both 
countries exhibit higher percentages of people who 
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Table 5  Hepatitis C virus genotypes prevalence among 
people who inject drugs in the most populated European 
countries1

Country G1 G2 G3 G4 G1 + G4

Germany 63 3.8 31   2.6 61
France 46 2.5 37   9.1 55
United Kingdom 49 5.7 42   0.8 50
Italy 45 3.3 38 13.0 58
Spain 54 2.3 27 16.0 69
Poland 35 0.0 57   8.7 44
Romania2 73 0.0   7 12.0 85
Netherlands 53 6.0 32   9.0 66
Greece2 24 2.8 61 11.0 36
Sweden 36 8.7 34   0.9 38

1Data are adapted from Wiessing et al[34], 2014, with figures for 2Greece and 
Romania, corrected according to more recent estimates, after the recent 
human immunodeficiency virus/hepatitis C virus outbreaks in people 
who inject drugs.

Ruta S et al . HCV genotypes in injecting drug users



are at risk of poverty: 22.6% in Romania and 23.1% 
in Greece relative to the EU average of 17%[33]. The 
HIV/HCV outbreaks in both countries were associated 
with financial restrictions in harm-reduction programs, 
and the persons affected were primarily young males 
who are unemployed, frequently homeless, and without 
medical insurances[86,88]. These social vulnerabilities are 
important triggers for illicit drug use, which increases 
the associated risk of drug-related infectious diseases 
and the emergence of different genotypes than the 
genotypes circulating in the general population. HCV 
genotype 1b[89] and HIV subtype F[90] predominate 
in Romania, but the introduction of new viral strains 
was documented during a recent outbreak in PWID: 
HCV subtypes 1a, 3a, 4 (Ruta S, unpublished data) 
and HIV subtype G, with the particular recombinant 
form CRF14_BG[90]. HCV genotype 3[91] and HIV 
CRF14_BG and CRF_35AD[92] prevail in PWID in 
Greece. Assessments of the evolution of HCV infection 
in older patients (infected with genotype 1, primarily 
through nosocomial procedures) vs younger patients 
(infected with newly introduced genotypes, primarily 
through IDU) will be interesting. Younger patients 
are candidates for shorter durations of therapy, with 
important implications for treatment-related costs and 
patient quality of life.

Immigration from HCV endemic countries and 
the evolving networks of HCV transmission in PWID 
influence the genotype distribution. European countries 
with the highest number of migrants (Germany: 
12.3%, Italy, Spain, Netherlands: each 10%-12%, 
and France: 10%)[93] exhibit a high prevalence of HCV 
infection and increased frequencies of less common 
genotypes. One recent study demonstrated that more 
than one third of the patients with chronic hepatitis C 
from Germany were born abroad[13], and an increased 
prevalence of HCV infection was reported in migrants 

in Italy[94]. Many cases of HCV infection in PWID from 
Cyprus are diagnosed in foreign nationals[95]. The 
increasing prevalence of non-1b genotypes in France, 
Spain, Italy and Greece was primarily attributed 
to a large flow of immigrants, but some limited 
molecular epidemiology studies argue against this 
hypothesis[96,97].

Phylogenetic analyses recently identified HCV tran-
smission clusters associated with injection relationships 
in Melbourne, Australia[98] and Vancouver, Canada[99].

WHAT ARE THE CONSEQUENCES 
OF THE DISTINCT PREVALENCE 
OF HCV GENOTYPES IN HIGH-RISK 
POPULATIONS? 
HCV variability triggers important clinical consequences. 
The emergence of immune response escape mutants 
accounts for the high level of chronic infection, and 
the infecting genotype is critical for the natural and 
on-treatment evolution of the infection. These data 
are especially significant for PWID, who are frequently 
infected with genotypes 1a, 3 and 4 that tend to 
exhibit less favorable responses to therapies, as 
discussed below.

Interferon-based therapy
HCV genotype was one of the primary predictors of 
the response rate to the classic pegylated interferon-
ribavirin (P/R) therapy, which is the only affordable 
therapy in developing countries. HCV subtype 1b 
exhibits the most unfavorable response profile, and 
genotypes 2 and 3 are “easy-to-treat” and exhibit a 
sustained virological response (SVR) in up to 80% 
of treated patients[100]. The reported SVR rates for 
genotype 4 are 60%-69% in Egypt and 40%-50% 
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Figure 1  Correlation between the gross national income and the hepatitis index in the top 10 most populated European countries. The gross national 
income per capita (GNI) directly correlates with the public health performances in the handling and treatment of hepatitis C virus infections (evaluated using the 
hepatitis index), as calculated by the Euro Hepatitis Report (2012) elaborated by Health Consumer Powerhouse[83]. 
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in countries outside endemic areas[64]. Genotype 3, 
initially correlated with a very high response rate to 
the classic P/R treatment, is associated with a higher 
rate of liver fibrosis and steatosis (unlinked to insulin 
resistance) and a more rapidly progressive end-
stage liver disease[101]. Subsequently, many genotype 
3-infected patients, including PWID, exhibit cirrhosis 
at the initiation of P/R treatment, and the overall 
response rate has been disappointing.

Direct-acting antiviral-based regimens
Treatment regimens for chronic hepatitis C and the 
inclusion criteria have largely changed in the last 4 
years with the approval of new DAAs. However, the 
HCV genotype matters for therapeutic responses[102]. 
Novel treatments for HCV are highly cost-effective 
for HCV genotype 1. The current World Health 
Organization[103], American Association for the Study 
of Liver[104] and European Association for the Study of 
Liver[105] guidelines for HCV treatment are genotype-
dependent, with several available options for each 
genotype, including IFN-free regimens, considered the 
most suitable ones in genotype 2-infected patients, 
and recommended for genotypes 1, 3 and 4. However, 
the triple combination of pegylated IFN-α, ribavirin and 
sofosbuvir (a NS5B inhibitor) administered for 12 wk 
is still favored in terms of efficacy, for patients infected 
with HCV genotypes 1, 3, 4, 5 and 6, as well as for 
those infected with genotype 2 that are cirrhotic and/or 
treatment-experienced[105,106]. This regimen also avoids 
resistance selection in cases of treatment failure. A 
combination of sofosbuvir and ledipasvir (an NS5A 
inhibitor), administered as a single pill, is currently 
recommended by the AASL as a first-line agent for 
patients without cirrhosis[104,107]. The new DAAs are 
less effective for patients infected with genotype 3 
who have advanced liver disease, which is frequently 
observed in PWID. Phase Ⅲ clinical studies of 
sofosbuvir and ribavirin revealed a sustained virological 
response in only 60% of patients with genotype 3 and 
cirrhosis who had previously failed P/R treatment, 
even in the case of a longer therapy duration[108,109]. 
Even the newly approved NS5A inhibitors, including 
ledipasvir, are less active against HCV genotype 3 than 
against other genotypes[110-112]. Therefore, genotype 3, 
which is prevalent in PWID, is currently considered one 
of the “difficult to treat” genotypes. Few studies have 
addressed the efficacy of the new oral regimens in 
patients infected with HCV genotypes 4, 5, and 6[48,113], 
which are less prevalent in Europe and North America. 

The impact of HCV genotype on the development of viral 
resistance
Viral breakthrough during or after DAA treatment 
(especially with the first generation protease inhibitors, 
telaprevir and boceprevir) was associated with the 
selection of resistance-associated variants, which 
preexist as minority populations[114-116]. Differences 

in the genetic barrier to resistance exist between 
subtypes; resistance mutations arise more quickly 
in patients who are infected with genotype 1a[115,116]. 
Moreover, a series of natural HCV polymorphisms that 
are found with different frequencies according to the 
HCV subtype, can influence treatment outcomes[117]. 
A second generation protease inhibitor (Simeprevir) 
exhibits reduced efficacy on subtype 1a strains because 
of the high prevalence of a specific mutation (Q80K) 
at baseline[118,119]. The activity of an NS5 inhibitor, 
which was recently approved for the treatment of HCV 
infection (Daclatasvir), is inhibited in the presence 
of a natural polymorphism (Q30R), which is found in 
more than 50% of genotype 4 strains[117,120]. Notably, 
resistant HCV variants are not archived (because HCV, 
unlike HIV or HBV, does not establish reservoirs), and 
reversion to the wild-type strain is observed 10-29 
mo after treatment interruption[121] (faster for subtype 
1b compared with 1a[114]). These differences are likely 
important for the treatment of PWID.

Toward a patient-tailored therapy for chronic hepatitis C 
in PWID
Important barriers to care and treatment are present 
in vulnerable populations, such as PWID[122], and it is 
estimated that only one in ten diagnosed patients enter 
treatment for hepatitis C. Delays in diagnosis lead to 
late presentations, with associated high viral loads 
and significant fibrosis, that represent unfavorable 
predictors for treatment efficacy. Decisions to treat 
are taken on a case-by-case basis, and treatments 
are accompanied by active counseling to decrease or 
cease drug and alcohol intake and the promotion of 
comprehensive harm-reduction programs, including in 
prisons[123-125]. 

The same therapeutic regimens based on DAAs 
are recommended for PWID, and a history of drug use 
or recent drug use is not associated with a reduced 
response rate[105]. The perceived risk of reinfection is not 
a reason for treatment denial, but instead a possibility 
that must be actively monitored after the achievement 
of SVR. The estimated rate of reinfection in PWID with 
persistent risk behaviors following successful HCV 
treatment is approximately 1%-5%[126-128].

However, the prohibitive costs of highly efficient 
therapeutic DAA options have prevented their use 
outside countries with high incomes. The NS5B 
polymerase inhibitor Sofosbuvir costs $1000 per day, 
the combination of sofosbuvir with ledipasvir costs 
$1125 per day, and a short 12-wk IFN-free regimen 
can reach a price of $150000 per patient[129]. Therefore, 
many countries that have high seroprevalence rates of 
HCV infection in the general population and vulnerable 
risk groups, continue to rely on the classic dual P/R 
therapy or triple therapy that combines P/R with first-
generation protease inhibitors. 

Changes in circulating genotypes suggest the 
necessity of different clinical approaches, including the 
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choice of the most suitable and cost-effective antiviral 
combination therapy for patients who are “difficult to 
reach, manage and treat”[130]. Therefore, the deferral 
of a P/R-based treatment that has several challenges 
(e.g., administration, monitoring and management 
of related side-effects), may be an option for patients 
with an early fibrosis stage[131], while waiting for highly 
effective, pangenotypic-active combinations to become 
available at more reasonable prices in the foreseeable 
future. Other factors will likely influence the final 
decision, including: the cost-effectiveness of the IFN-
free regimens (treatment duration plotted against 
the SVR rate), the adherence to treatment and the 
cumulative toxicities (which are important factors in 
PWID, especially in HIV-coinfected patients), and the 
extent of clinically relevant viral resistance[131-134].

CONCLUSION
Many PWID who are infected with HCV remain 
undiagnosed. The distribution of circulating genotypes 
in this vulnerable group is distinct from the general 
population. Transmission networks associated with 
drug use, increased global travel and immigration are 
the primary factors behind this different epidemiological 
picture. PWID are critical epidemiological connectors to 
the general populations and drug use is a key vector 
for the diversification of circulating viral genotypes. 
The determination of circulating HCV genotypes in 
high-risk groups, such as PWID, who frequently have 
additional risk factors (poverty, imprisonment, and 
HIV coinfections) will provide a further understanding 
of the global viral epidemiology. HCV genetic diversity 
has a major impact on viral persistence, evolution to 
cirrhosis and hepatocellular carcinoma and potential 
resistance to antiviral agents. Therefore, knowledge of 
HCV genotypes will likely remain an essential factor for 
the correct design of national health programs, even 
with the introduction of new antivirals. 
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Abstract
As surgical techniques continue to move towards 
less invasive techniques, single incision laparoscopic 
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surgery (SILS), a hybrid between traditional multiport 
laparoscopy and natural orifice transluminal endoscopic 
surgery, was introduced to further the enhanced 
outcomes of multiport laparoscopy. The safety and 
feasibility of SILS for both benign and malignant 
colorectal disease has been proven. SILS provides the 
potential for improved cosmesis, postoperative pain, 
recovery time, and quality of life at the drawback of 
higher technical skill required. In this article, we review 
the history, describe the available technology and 
techniques, and evaluate the benefits and limitations of 
SILS for colorectal surgery in the published literature.

Key words: Laparoscopic colectomy; Minimally invasive 
colorectal surgery; Single-incision laparoscopic surgery
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Core tip: As surgical techniques continue to move 
towards less invasive techniques, single incision 
laparoscopic surgery (SILS) is a valuable platform with 
distinct advantages and comparable or better outcomes 
than other minimally invasive platforms. The safety 
and feasibility of SILS for both benign and malignant 
colorectal disease has been proven, and this review 
of the history, current state, available technology, 
limitations to widespread use, and their solutions will 
be a valuable addition to the published literature. It will 
draw attention to the benefits and potentially increase 
use of the platform and minimally invasive surgery as a 
whole.
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INTRODUCTION
Since the first laparoscopic colectomy was described 
in 1991, minimally invasive colorectal surgery has 
continued to grow[1]. The expanding use of laparoscopy 
has been the greatest technical and clinical advance 
in the field of colorectal surgery. Laparoscopic 
colorectal surgery has been proven to improve patient 
outcomes, including faster return of gastrointestinal 
function, less postoperative pain, shorter length 
of stay, lower complication and readmission rates, 
and lower total healthcare utilization compared to 
open surgery[1-14]. Despite proven benefits, use of 
laparoscopy is estimated at only 50% of all colorectal 
procedures, 20% of colon cancer, and 10% of rectal 
cancer procedures in the United States[15,16]. Thus, 
there is room to increase utilization and the benefits. In 
addition, there is the continued drive towards reduced 
port and “scarless” surgery, and great efforts have been 
made to minimize surgical trauma, improving cosmesis 
and surgery-related pain and morbidity. Techniques, 
such as natural orifice transluminal endoscopic surgery 
(NOTES) and single-incision laparoscopy surgery 
(SILS) have been developed to reach the goals. NOTES 
is still in the experimental stages, but SILS is ready 
for incorporation into routine practice and currently 
regarded as the next major advance in the progression 
of minimally invasive surgical approaches feasible in 
generalized use[17,18]. 

SINGLE INCISION LAPAROSCOPIC 
SURGERY
SILS was developed to further the outcomes of 
multiport laparoscopy. The SILS technique was first 
reported for colorectal surgery in 2008, when both 
Remzi et al[19] and Bucher et al[20] reported use for 
right colectomy. Since that time, multiple studies 
have proven SILS is safe and feasible for the full array 
of benign and malignant colorectal disease, and its 
applications continue to grow[21-35]. SILS is currently 
regarded as the next major advance in the progression 
of minimally invasive surgical approaches to colorectal 
disease suitable for generalized use[17] (Figure 1).

TECHNICAL NOTES
Most SILS procedures enter the peritoneum at the 
umbilicus, creating a “hidden” incision and allowing the 
fascial incision to be lengthened without extending the 
overlying skin incision[36]. If a stoma is planned, the 
ostomy site may be used for access, allowing “scarless” 
surgery[23,37,38].

For access, there are several commercially produced 
SILS ports, as well as a homemade glove port. The most 
common ports are the SILS™ Port (Covidien, Mansfield, 
Massachusetts, United States), the GelPOINT® 
platform (Applied Medical, Rancho Santa Margarita, 

CA, United States), and the TriPort or QuadPort 
(Olympus Medical, Center Valley, PA, United States). 
All devices have three or more working channels in the 
single port to introduce the laparoscopic instruments 
and a camera into the operative field through a 
solitary incision. The single incision helps reduce fascial 
defects, abdominal wall trauma, and their associated 
postoperative pain and hernia risk[39-41]. Each port is 
introduced through a 2-4 cm skin and fascial incision, 
and has costs and benefits. The SILS™ Port (Covidien, 
Mansfield, MA, United States) is pliable elastomeric 
foam that creates a seal with the skin to maintain 
pneumoperitoneum, offers enhanced mobility, and 
allows the surgeon to interchange 5-mm and 12-mm 
ports. However, the SILSTM port is limited to 3 trocars 
and has no wound protector for specimen extraction. 
The GelPOINT® uses a wound protector sleeve inserted 
into the peritoneum and GelSeal® cap that trocars are 
inserted into per surgeon preference. The port offers 
a low internal profile, which may help accommodate 
various abdominal wall sizes, and the sleeve offers 
protection during specimen extraction from tumor 
seeding and superficial wound infections[42,43]. The 
GelPOINT® has a larger profile on the abdominal 
wall, and may lose pneumoperitoneum with extreme 
torque. The TriPort and QuadPort channels have three 
or four instrument channels, respectively, a similar to 
the GelPOINT®, and a lower external profile. However, 
the assembly, insertion, and extracorporealization 
are reported more difficult than other platforms. The 
glove port uses a sterile, non-latex glove secured to a 
small wound protector, with the glove’s fingers used 
for instrument and camera access. This approach 
is simple, inexpensive, and easily reproducible, but 
there is a poor seal and lack of rigidity provided from 
the finger ports compared to commercially available 
devices[35,44-47]. 

Standard laparoscopic tools are commonly used 
with SILS, but straight, curved, and articulating 
instruments are available. Straight instruments offer 
rigidity, but when working in a parallel, fixed space, 
there can be collisions between the working ports and 
the camera. Curved instruments were introduced to 
remedy collisions, but they cannot be passed through 
conventional, straight trocars. Articulating instruments 
were designed to overcome the lack of triangulation, 
as they articulate at the tip, rotating 360° around the 
instrument axis. However, there is a loss of rigidity 
and tactile feedback with the flexible tools[48-50]. It 
is generally agreed upon that straight laparoscopic 
instruments are preferred and the curved or articulating 
instruments are not required or commonly used in 
practice.

OUTCOMES WITH SILS
In all clinical and quality metrics, SILS has comparable 
outcomes to traditional laparoscopy[34,39]. Studies 
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have proven SILS is feasible and safe for benign and 
malignant colorectal disease[22,28-30,32,33]. From early 
reports, SILS had similar postoperative outcomes, 
including complication, intraoperative conversion, and 
readmission rates[39]. Oncologic outcomes, including 
the feasibility of R0 resection, specimen length, 
number of lymph nodes harvested, and proximal 
and distal margins were comparable to multiport 
laparoscopy[51-54]. SILS has been shown safe and 
feasible specifically in rectal resections[29]. Initial studies 
reported an increased operative time with SILS, but 
failed to take into account the learning curve and need 
for experience[52,55]. The operative time decreases with 
accumulating experience, with a learning curve defined 
between 30 to 36 cases[56]. 

SILS has distinct benefits over traditional 
laparoscopic surgery. Using a single port with multiple 
incorporated working channels, SILS has reduced 
the number of incisions and tissue trauma required 
for surgery, improved cosmesis, and lowered the 
rate of port-site related complications and incisional 
hernias[39-41,57] (Figure 2). Reduced perioperative pain 
is another reported advantage of SILS over traditional 
multiport laparoscopy, with the reduction in pain 
translating to lower pain scores and opioid use from the 
immediate post-operative period up to post-operative 
day 2[39,41]. SILS has also shown a significantly shorter 
length of stay (LOS); studies have demonstrated LOS 
more than 1 d shorter for SILS compared to multiport 
laparoscopy[28,39]. A recent meta-analysis reviewing 
14 studies comparing SILS to traditional multiport 
laparoscopy concluded SILS had lower blood loss, 
decreased blood transfusion requirement, shorter time 
to flatus, shorter hospital stay, and smaller incision[51]. 

TECHNICAL CHALLENGES 
The use of SILS introduced several new technical 
challenges, which may limit widespread use of the 
platform[58]. The ergonomic and technical requirements 
of SILS are distinct from those used in conventional 
multiport laparoscopy, initially adding difficulty even 
for experienced laparoscopic surgeons[59,60]. The 

technical challenges are further amplified in colorectal 
procedures, where there is the need to work in more 
than one quadrant[58,61]. First, there is the challenge 
from the in-line orientation of the working trocars 
through the single access port causes the visual axis 
to become more in-line, with camera movement 
resulting in inadvertent movement of the adjacent 
instrument[17,62]. Working through a small single 
incision with multiple parallel, instruments competing 
for the same space at the fulcrum of the entry port 
decreases the range of motion and external working 
space, increasing instrument collisions[28,58,63]. These 
collisions are experienced both intra-corporeally, 
creating difficulty maintaining pneumoperitoneum, and 
extra-corporeally, complicating the role of the assistant 
holding the camera[28]. This forces the surgeon 
to operate with crossed hands to acclimate[17,62]. 
The proximity of the trocars at a fixed position, 
restricted freedom, and clashing of the instruments is 
contradictory to the traditional teaching of triangulation 
in laparoscopy[64]. These problems in exposure and 
“crowding” add to the difficulty in the SILS technique 
and can result in restricted visualization, inadequate 
dissection and mobilization, and the potential for 
inadvertent injury[55,65]. 

With increasing operator experience, these 
ergonomic and technical challenges can be readily 
overcome. Technical instruments and procedural 
adaptations have been developed to help work through 
these challenges. To improve surgeon efficiency and 
decrease collisions, it has also been recommended to 
keep the laparoscope away from the surgeon’s hands, 
such as with a flexible-tipped or bariatric-length lapa-
roscope[24,28,66,67]. Articulating or curved instruments 
can be used to help recreate triangulation familiar with 
multiport laparoscopy[58]. For assistance in pelvic and 
multi-quadrant cases, a SILS +1 technique has been 
developed and validated[65]. With SILS +1, the single 
access device is introduced through a Pfannenstiel 
incision and an additional 5-mm port is placed through 
the umbilicus for the laparoscopic camera, allowing 
access to more than one abdominal quadrant and 
minimizing “sword fighting” between the surgeon 
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Figure 1  Single incision laparoscopic surgery animation. Figure 2  Specimen removal through single incision platform.
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and the camera holder[65]. To become proficient at 
SILS, one idea is to become proficient at reduced port 
laparoscopy - using 3 ports; then the transition to SILS 
will be more natural.

CURRENT STATE AND MOVING 
FORWARD WITH SILS
Despite evidence supporting the use and proven 
benefits, SILS has not been widely adopted. The main 
reason cited is the ergonomic demands and additional 
time, costs, and skills required, especially in early 
cases[55,59,64,68]. Surgeon experience can overcome the 
technical and ergonomic challenges, and specialized 
instruments and platforms have been developed to 
help ascend the learning curve[17,62]. 

The technology was also advocated for surgeons 
experienced with laparoscopy and minimally invasive 
techniques, and results described in the published 
literature are achieved by skilled laparoscopic 
surgeons beyond the learning curve performing the 
procedures[32,34,69,70]. In addition, published experience 
has centered on non-obese patients[23,66,70-74]. To 
increase utilization of this minimally invasive technique, 
its feasibility in different patient populations must be 
explored[72]. The learning curve to achieve competence 
with this technology has been defined, and there are 
no increased complications or negative outcomes 
reported during the early phases of the learning 
curve[56,72]. Therefore, increasing use of SILS for 
patient benefits and increased overall use of minimally 
invasive colorectal surgery is encouraged.

CONCLUSION
As the field of colorectal surgery has emphasized 
moving towards less invasive techniques, single 
incision laparoscopic surgery, a hybrid between 
traditional multiport laparoscopy and NOTES, is the 
natural evolution in minimally invasive surgery. SILS 
offers distinct benefits over traditional multiport 
laparoscopy, but widespread use has been limited 
from technical, ergonomic, and patient selection 
challenges. With experience demonstrating the safety 
and feasibility, and the learning curve for competence 
defined, increased use of SILS in colorectal surgery is 
encouraged. 
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Abstract
In general, the treatment methods for esophageal 

achalasia are largely classified into four groups, 
including drug therapy using nitrite or a calcium 
channel blocker, botulinum toxin injection, endoscopic 
therapy such as endoscopic balloon dilation, and 
surgery. Various studies have suggested that the most 
effective treatment of esophageal achalasia is surgical 
therapy. The basic concept of this surgical therapy 
has not changed since Heller proposed esophageal 
myotomy for the purpose of resolution of lower 
esophageal obstruction for the first time in 1913, but 
the most common approach has changed from open-
chest surgery to laparoscopic surgery. Currently, 
the laparoscopic surgery has been the procedure of 
choice for the treatment of esophageal achalasia. 
During the process of the transition from open-chest 
surgery to laparotomy, to thoracoscopic surgery, and 
to laparoscopic surgery, the necessity of combining 
antireflux surgery has been recognized. There is some 
debate as to which type of antireflux surgery should 
be selected. The Toupet fundoplication may be the 
most effective in prevention of postoperative antireflux, 
but many medical institutions have selected the Dor 
fundoplication which covers the mucosal surface 
exposed by myotomy. Recently, a new endoscopic 
approach, peroral endoscopic myotomy (POEM), has 
received attention. Future studies should examine 
the long-term outcomes and whether POEM becomes 
the gold standard for the treatment of esophageal 
achalasia.

Key words: Esophageal achalasia; Surgery; Treatment; 
Review; Laparoscopy

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Esophageal achalasia is the most common 
primary esophageal motility disorder and the major 
symptoms are dysphagia, vomiting, and chest pain. 
Various studies have suggested that the most effective 
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treatment of esophageal achalasia is surgical therapy 
and the basic concept of surgical therapy has not 
changed since Heller proposed esophageal myotomy 
for the purpose of resolution of lower esophageal 
obstruction. However, the most common approach 
has changed from open-chest surgery to laparoscopic 
surgery. This article reviews the outcomes of surgical 
procedures for esophageal achalasia from various view 
points and discusses the problems and prospects of 
laparoscopic surgery for esophageal achalasia.

Tsuboi K, Omura N, Yano F, Hoshino M, Yamamoto SR, Akimoto 
S, Masuda T, Kashiwagi H, Yanaga K. Data analyses and 
perspectives on laparoscopic surgery for esophageal achalasia. 
World J Gastroenterol 2015; 21(38): 10830-10839  Available 
from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i38/10830.htm  DOI: http://dx.doi.org/10.3748/wjg.v21.i38.10830

INTRODUCTION
Esophageal achalasia is the most common primary 
esophageal motility disorder and is histologically 
characterized by lack of the Auerbach’s nerve plexus[1]. 
It causes loss of esophageal peristalsis and/or a 
lack of lower esophageal sphincter relaxation during 
swallowing, which results in esophageal obstruction[2-5]. 
The major symptoms are dysphagia, vomiting, and 
chest pain[5]. There are neither racial nor gender 
differences in its incidence, according to epidemiologic 
studies. The disease is quite rare with a frequency of 
approximately 1 in 0.1 million[6,7]. The pathogenesis 
of esophageal achalasia has not been elucidated, 
and the pathogenic mechanism is not understood. At 
the moment, the goal of treatment is not complete 
resolution of the disease, but rather symptomatic 
improvement that may significantly affect the patients’ 
quality of life (QOL). The treatment methods are largely 
classified into four groups, drug therapy using nitrite 
or a calcium channel blocker, botulinum toxin injection, 
endoscopic balloon dilation, and surgery[8]. Esophageal 
myotomy was the first surgery that was proposed 
by Heller in 1913. Thereafter, a combination with 
cardioplasty was adapted to prevent reflux esophagitis 
which was sometimes induced by the myotomy[9,10]. 
Currently, laparoscopic myotomy has been widely 
performed as a standard treatment approach in many 
institutions, because it is minimally invasive, achieves 
esthetic results, and has a defined surgical area[7,8,11-14]. 
The objective response rate by surgery is good, ranging 
from 88% to 97%[15-20]. There are some reports on the 
long-term outcome[21-23], which have demonstrated the 
safety and effectiveness of the procedure.

This article reviews the outcomes of surgical 
procedures for esophageal achalasia from various view 
points and discusses the problems and prospects of 
laparoscopic surgery for esophageal achalasia.

CHANGES IN SURGICAL PROCEDURES 
FOR ESOPHAGEAL ACHALASIA OVER 
TIME
Open surgery
Lower esophageal myotomy via left thoracotomy for 
the purpose of improvement of esophageal clearance 
was first reported by Heller. Heller’s approach involved 
two incisions of approximately 8-cm made on the 
anterior and posterior esophageal walls to relieve the 
esophageal obstruction. The approach was modified by 
Williams et al[24] and the currently used long myotomy 
with anterior fundoplication was established. While 
the open-chest surgery was widely used, myotomy 
via laparotomy was also performed in order to avoid 
the complicated surgical procedures and postoperative 
wound pain of open-chest surgery. Abir et al[25] who 
studied 18 articles regarding Heller myotomy reported 
that the response rate in 2680 patients was 83% 
and concluded that the procedure was very effective. 
However, since Heller myotomy required myotomy of 
the gastroesophageal junction to prevent antireflux, 
there was a risk of postoperative gastroesophageal 
reflux disease (GERD). They reported that the overall 
incidence of postoperative GERD was 12.3%, but 11 
of the 18 articles on surgical treatment of esophageal 
achalasia reported combination of myotomy with 
laparoscopic antireflux surgery (LARS). The occurrence 
of postoperative GERD in patients with antireflux 
surgery was lower than those in patients without 
antireflux surgery (10% vs 16%). These findings 
suggested that laparotomic myotomy should be 
performed along with antireflux surgery.

Minimally invasive surgery
Successful laparoscopic cholecystectomy was first 
reported in 1987. Since then, the surgical procedures 
for various pathologies have changed from open-chest 
surgery to laparoscopic surgery. This trend was also 
observed in the treatment of esophageal achalasia. 
Laparoscopic procedures have been rapidly adopted 
due to its minimally invasive nature and better 
visualization of the surgical area, compared with open-
chest surgery and laparotomy. The procedure was 
performed using the left thoracic approach similar to 
that of open-chest surgery. Pellegrini et al[26] reported 
that 14 of 17 patients (82%) were satisfied with 
the surgical outcome that was comparable with that 
obtained after thoracotomy. The major advantage 
of thoracoscopic surgery is that long myotomy can 
be applied to the cranial esophagus. This approach 
does not require mobilization of the paraesophageal 
membrane, but it is difficult to reach the anterior wall 
of the gastric cardia, and an incision cannot reach the 
oblique muscle due to this lack of sufficient myotomy 
onto the cardia. Therefore, this approach will not 
damage the antireflux mechanism and be less likely 
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to cause postoperative reflux esophagitis. However, 
there are still risks of persistence or relapse of the 
obstruction sensation of the esophagus[26-28]. Thus, 
thoracoscopic surgery cases are limited in number 
whereas laparoscopic surgery is widely used.

Laparoscopic surgery was first reported by Shimi 
et al[29] in 1991. Since then, there are many successful 
reports not only on the short-term results but also on 
the long-term surgical outcomes[30,31]. The operating 
time and duration of postoperative hospital stay 
are shorter, and the symptomatic improvement is 
greater by laparoscopic surgery, when compared with 
thoracoscopic surgery[32].

COMPARISON OF SURGICAL RESULTS 
BY APPROACH
Open method vs minimally invasive surgery
Transthoracic approaches include open-chest 
surgery and thoracoscopic surgery. A retrospective 
study conducted by Kesler et al[33] which compared 
thoracoscopic myotomy and open-chest myotomy 
reported that the operating time and intraoperative 
blood loss were significantly decreased in the 
thoracoscopic myotomy group (P < 0.05, respectively), 
In addition, the patients in thoracoscopic myotomy was 
experiencing a shorter hospitalization, which was due 
to earlier resumption of oral nutrition, earlier removal 
of chest tube, and less requirement of postoperative 
analgesic agents. Those results indicated that intra- 
and post-operative results were better in the patients 
undergoing thoracoscopic surgery than that in those 
undergoing open-chest surgery. Furthermore, a 
study on the long-term outcomes by Pellegrini et al[27] 
showed relief of dysphagia seen in 88% of patients 
and 66% of patients had regained their original 
weight. The open-chest surgery was replaced with 
thoracoscopic surgery due to the minimally invasive 
closed-chest approach.

The transabdominal approach was also converted 
to laparoscopic surgery over time in the institutions 
which performed laparotomic myotomy. Ancona et 
al[34] performed a retrospective study on 17 patients 
undergoing the laparoscopic Heller-Dor procedure 
and 17 background-matched patients undergoing 
laparotomic surgery, and reported that the operating 
time was longer in the laparoscopic surgery group 
than that in the other group (178 min vs 125 
min). In addition, the duration of the postoperative 
hospital stay and time to reintegrate into society 
were significantly decreased with the laparoscopic 
surgery (P < 0.0001, respectively). However this 
study were consisted with short-term examination, 
and the analysis in long-term were expected. The 
above-mentioned findings suggested that laparoscopic 
surgery was more effective than the transabdominal 
approach as a treatment for esophageal achalasia. 

Currently, laparoscopic surgery is a gold standard for 
treatment of esophageal achalasia. And we are not 
able to find any shortcoming in laparoscopic surgery 
for esophageal achalasia without lengthening of 
operating time if the patients have no contraindication 
of laparoscopic surgery.

Thoracoscopic surgery vs laparoscopic surgery
Since laparoscopic surgery involves minimal invasi-
veness and yields a similar response rate as compared 
to that of the open-chest method, minimally invasive 
surgery has been used as the first-line therapy. 
Ramacciato et al[32] performed a case controlled study 
to compare the results of thoracoscopic myotomy with 
laparoscopic myotomy in 16 patients with thoracoscopic 
surgery group and in 17 patients with laparoscopic 
surgery (with Dor) group. The results indicated that 
the operating time and duration of postoperative 
hospital stay were significantly decreased in the 
laparoscopic surgery group (P = 0.0001 in both), and 
the frequency of persistence and relapse of a sensation 
of postoperative obstruction in the esophagus was 
significantly greater in the thoracoscopic surgery group 
(38% vs 6%, P = 0.04). However this study was not 
enough for analyzing postoperative GERD including pH-
metry, and further examination was expected. Patti 
et al[30] investigated 8-year experience for minimally 
invasive surgery for esophageal achalasia and they 
indicated that the laparoscopic surgery is the better 
choice for this disease.

PROBLEMS ASSOCIATED WITH LARS 
AFTER ESOPHAGEAL MYOTOMY
Laparoscopic myotomy only vs laparoscopic myotomy 
with fundoplication 
The majority of the previous studies reached the 
consensus that laparoscopic surgery was the most 
suitable surgical procedure for esophageal achalasia[35]. 
One of the advantages of the transabdominal 
approach is that myotomy can be sufficiently extended 
to the gastric side[32], but the approach may induce 
postoperative gastroesophageal reflux. Several 
studies have been performed to validate whether 
laparoscopic myotomy alone or in combination therapy 
with antireflux surgery should be performed (Table 
1)[10,36-39]. The observation period ranged from 6 to 
96 mo but the postoperative improvement in the loss 
of the obstructive sensation was good, ranging from 
70% to 100%. Thus, all of the studies showed no 
significant difference in symptomatic improvement 
between the groups. Nevertheless, the incidence of 
postoperative GERD symptoms tended to be higher 
when laparoscopic myotomy was performed alone, 
which suggested that cardioplasty was essential for 
prevention of gastroesophageal reflux.
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for esophageal achalasia[46,47]. The procedure was 
proposed by Vantrappen et al[48] in 1971 for the first 
time, and the response rate is currently 80%-90%[49]. 
However, a long-term follow-up study indicated 
that 60% of the patients had relapse and needed 
radiation[50]. Furthermore, the incidence of esophageal 
perforation after the procedure was not high, ranging 
from 0.5% to 5%, but 50% or more of these patients 
with perforations required emergency surgery. 
These patients are at the greatest disadvantages for 
this procedure[50,51]. In cases where patients had a 
previous history of balloon dilation, scar formation and 
other tissue injury that possibly occurred during the 
recovery process from submucosal hemorrhage may 
cause detachment and myotomy of the esophagus 
in the abdomen[52-54]. We studied whether a history 
of dilation influences surgical outcome and reported 
that there was no difference between those with 
and without previous Parkinson’s disease (PD) in the 
operating time, perioperative blood loss, incidence rate 
of mucosal perforation during myotomy, and rate of 
postoperative symptomatic improvement[55].

There are many studies comparing the therapeutic 
effects of PD and laparoscopic myotomy, and Table 
3 shows representative studies[56-59]. The duration of 
observation ranged from 3 mo to 5 years, and the 
rate of symptomatic improvement was greater with 
laparoscopic surgery, which indicated that laparoscopic 
surgery was strongly recommended to the patients 
with esophageal achalasia.

Esophageal myotomy vs botulinum toxin injection
The botulinum toxin inhibits release of acetylcholine 
from nerve terminals. Injection of botulinum toxin 
into the lower esophageal sphincter of patients with 
esophageal achalasia enables muscle relaxation 
and eases the passage of food into the esophagus. 
Since a significant symptomatic improvement was 
observed in patients with esophageal achalasia on 
short-term outcome in a placebo-controlled trial for 
one week, the therapy in now an effective treatment 
for esophageal achalasia[60]. However, the persistence 
of the therapeutic effect varied depending on the 
patient. A long-term study indicated that the response 

Laparoscopic myotomy with Dor fundoplication 
vs laparoscopic myotomy with other types of 
fundoplication
A combination of laparoscopic myotomy and antire-
flux surgery may be desirable for treatment of 
esophageal achalasia, but it is still controversial which 
type of antireflux surgery should be performed. 
Many institutions in the world seem to select the 
Dor fundoplication, but the Nissen fundoplication 
and the Toupet fundoplication have also been 
performed. Previous studies mainly compared the Dor 
fundoplication with other types of fundoplications (Table 
2)[40-43]. All types of antireflux surgery showed similar 
symptomatic improvements and a high response 
rate, but the incidence rate of postoperative GERD 
was slightly greater in the patients undergoing the 
Dor fundoplication. However, there was no statistically 
significant difference.

The 2012 guidelines of the Society of American 
Gastrointestinal and Endoscopic Surgeons[44] also 
strongly recommended a combination of laparoscopic 
myotomy with antireflux surgery. However, the 
guidelines declined to say which type of antireflux 
surgery should be performed but they did state that 
circumferential fundoplication should be avoided 
because of the risk of persistence and relapse of the 
postoperative obstructive sensation of the esophagus. 
In general, the previous studies indicated that the 
Toupet fundoplication had a slightly higher antireflux 
result, but there was no definite conclusion. There was 
a report that diverticula developed in the esophageal 
myotomy site when esophageal myotomy using the 
Toupet fundoplication was not sufficiently extended 
to the gastric side[45], which suggested that the Dor 
fundoplication which completely wraps the exposed 
mucosa should be performed.

COMPARISON BETWEEN SURGICAL 
PROCEDURES AND OTHER 
FUNDOPLICATION APPROACHES
Esophageal myotomy vs PD
Endoscopic balloon dilation is an effective treatment 
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Table 1  Comparison of surgical outcomes between laparoscopic Heller myotomy vs  laparoscopic myotomy with fundoplication

Author Year Study design Samples Procedure Follow up (mo) Success Postop-GERD

Campos et al[36] 2009 Meta-analysis   579 myotomy only NA    90%   31%
2507 myotomy + fundoplication NA    90%     9%

Falkenback et al[37] 2003 RCT     10 myotomy only 96    70%   13%
    10 myotomy + fundoplication 96    70%   0.1%

Richards et al[10] 2004 RCT     21 myotomy only  6  100% 47.6%
    22 myotomy + fundoplication   6 95.5%   9.1%

Simić et al[38] 2010 RCT     22 myotomy only 36  100%   9.1%
    62 myotomy + fundoplication 36 91.7%   9.7% 

Finley et al[39] 2007 Retrospective     24 myotomy only 12  100% NA
    71 myotomy + fundoplication 12 98.6% NA

NA: Not available; GERD: Gastroesophageal reflux disease; RCT: Retrospective cohort study.
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rate of patients undergoing botulinum toxin injection 
was approximately 65%. The relatively greater effect 
was observed in elderly patients and in patients with 
an advanced type of esophageal achalasia, and the 
effect lasted approximately 1.3 years[61]. Zaninotto 
et al[62] performed a randomized controlled trial in 
80 patients with esophageal achalasia to compare 
the therapeutic effects of laparoscopic myotomy and 
botulinum toxin injection. The results demonstrated 
that laparoscopic myotomy was safer, and the 6-mo 
post-treatment evaluation showed that the response 
rate was greater in laparoscopic myotomy compared 
with that in botulinum toxin injection (82% vs 66%, 
P < 0.05). Another evaluation after 2 years showed 
that the symptomatic improvement effect was seen 
in 87.5% of the laparoscopic myotomy group and in 
34% of the botulinum toxin injection group. The long-
term outcome of botulinum toxin injection was not 
successful enough, similar to dilation therapy, but 
the injection therapy may be effective in treating the 
patients who are not a candidate for either dilation or 
surgical procedures due to reduced activities of daily 
living (ADL).

Esophageal myotomy vs per oral endoscopic myotomy
Recently, a new treatment for esophageal achalasia, 
per oral endoscopic myotomy (POEM), has been 
introduced[63] and has received attention. The method 
is an adaptation of the natural orifice transluminal 
endoscopic surgery (NOTES) in the mediastinum, 
and has come to use in a small number of medical 

institutions[64]. This method is based on a lower 
esophageal sphincter (LES) myotomy in a porcine 
survival model which was performed for the first 
time in 2007[65]. POEM is quite novel and only a few 
comparative studies on the short-term outcome 
have been completed. Table 4 shows representative 
results[66,67]. There was no difference in the operating 
time and in the incidence of perforation between the 
two groups, but the incidence of postoperative GERD 
symptoms was slightly greater in the POEM group. 
Furthermore, Teitelbaum et al[68] performed the 
gastroesophageal junction distensibility measurements 
with a functional lumen imaging probe during laparo-
scopic myotomy with either cardioplasty or POEM on 
25 patients with esophageal achalasia, and obtained 
similar results.

The long-term outcome of the new treatment 
method should be evaluated, but the short-term 
outcome was excellent, and the procedure was less 
invasive than laparoscopic surgery. Also in terms of a 
better esthetic outcome, the new procedure may have 
a higher potential. Future studies should evaluate the 
incidence of postoperative GERD and the therapeutic 
effects.

PROBLEMS AND PROSPECTS OF 
LAPAROSCOPIC SURGERY
Laparoscopic surgery for esophageal achalasia 
provides greater symptomatic improvement but some 
patients have a poor outcome. Such poor response 
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Table 2  Comparison of surgical outcomes between laparoscopic Heller myotomy with Dor fundoplication vs  laparoscopic myotomy 
with other fundoplication

Author Year Study design Samples Fundoplication Follow up (mo) Success Postop-GERD

Rebecchi et al[40] 2008 RCT 71 Dor 125   97%     3%
67 Nissen 125   85%     0%

Rawlings et al[41] 2012 RCT 36 Dor     6 91.7% 27.8%
24 Toupet     6 95.8% 16.7%

Wright et al[42] 2007 Retrospective 52 Dor   46 82.7% NA
63 Toupet   45 95.2% NA

Di Martino et al[43] 2011 Retrospective 30 Dor   24 93.4% 13.3%
26 Nissen   24 92.3%     0%

NA: Not available; GERD: Gastroesophageal reflux disease; RCT: Retrospective cohort study.

Table 3  Comparison of surgical outcomes between laparoscopic Heller myotomy with fundoplication vs  pneumatic dilation

Author Year Study design Samples Approach Procedure Follow up (mo) Success postop-GERD 

Kostic et al[56] 2007 RCT   25 laparoscopy myotomy + fundoplication 12 NA NA
  26 endoscopy pneumatic dilation 12 NA NA

Novais et al[57] 2010 RCT   47 laparoscopy myotomy + fundoplication   3 88.3% 4.7%
  47 endoscopy pneumatic dilation   3 73.8% 31%

Boeckxstaens et al[58] 2011 RCT 106 laparoscopy myotomy + fundoplication 43   90% 23%
  95 endoscopy pneumatic dilation 43   86% 15%

Persson et al[59] 2014 RCT   25 laparoscopy myotomy + fundoplication 60   92% NA
  28 endoscopy pneumatic dilation 60   64% NA

NA: Not available; GERD: Gastroesophageal reflux disease; RCT: Retrospective cohort study.
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to laparoscopic surgery may mainly be caused by the 
surgeon’s lack of technical skills, including insufficient 
esophageal myotomy, an overtight wrap, a loose wrap, 
and development of postoperative reflux esophagitis 
due to absence of cardioplasty[69,70]. Some studies 
have been performed to detect potential factors 
relating to the patients’ background and pathology. 
Iqbal et al[71] compared 67 patients whose symptoms 
were improved and 15 patients whose symptom 
were not improved, and reported that the effect of 
surgery was more beneficial in patients with a short 
disease duration and in patients without a previous 
history of botox injection. Torquati et al[72] performed 
a comparison study in 200 patients undergoing 
laparoscopic Heller myotomy, including 170 responders 
and 30 non-responders. The preoperative manometry 
showed that the LES pressure was significantly greater 
in the responders than that in the non-responders, 
and the patients with a LES pressure > 35 mmHg had 
more than 21 times the likelihood to achieve excellent 
dysphagia relief after myotomy as compared with 
those with a LES pressure ≤ 35 mmHg when the 
cutoff value was set at 35 mmHg for the LES pressure.

Patients who did not go into complete remission 
after the primary surgery or those who suffered from 
a relapse during the follow-up received the redo 

surgery at some medical institutions (Table 5)[71,73-76]. 
The rate of mucosal perforation was relatively 
high, ranging from 4.7% to 30%, but the patient 
satisfaction was 40% to 90%, which suggested that 
the redo surgery might need to be performed in highly 
experienced medical institutions for the purpose of 
QOL improvement.

High resolution manometry (HRM), which was 
recently introduced, is equipped with strong diagnostic 
capabilities in esophageal dysmotility. The pathology 
of esophageal achalasia is classified into Types Ⅰ to 
Ⅲ based on the level of esophageal motility. Several 
studies evaluated the treatment outcome by Type, 
and the analysis found that Type Ⅱ had the greatest 
therapeutic response, followed by Type Ⅰ and then Type 
Ⅲ[77,78]. Salvador et al[79] reported that the response 
of myotomy to esophageal achalasia Type Ⅰ, Ⅱ, and 
Ⅲ was 85.4%, 95.3%, and 69.4%, respectively. 
According to the above-mentioned findings, treatment 
of Type Ⅲ esophageal achalasia should be further 
studied and include a new treatment approach.

As to laparoscopic surgery for esophageal 
achalasia, a single incision and reduced port surgery 
focusing on the esthetic aspect[80] has widely been 
used, especially in high volume centers (Table 6)[81,82]. 
According to the report by Ross et al[83], many studies 
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Table 4  Comparison of surgical outcomes between laparoscopic Heller myotomy vs peroral endoscopic myotomy  n  (%)

Author Year Study design Samples Procedure Follow up (d) OP time (min) Major complication (perforation) Postop-GERD

Hungness et al[66] 2013 Retrospective 55 myotomy   42 125 1 (2) NA
18 POEM   42 113 1 (6) 7 (39)

Ujiki et al[67] 2013 Case control 21 myotomy 164    154.5    1 (4.8) 4 (19)
18 POEM 116    155.8    1 (5.6)    5 (27.8)

Symptomatic GERD or PPI required. NA: Not available; GERD: Gastroesophageal reflux disease; POEM: Peroral endoscopic myotomy; OP: Operation.

Table 5  Surgical outcomes of reoperation for patients with achalasia

Author Year Samples Approach (primary) Approach (re-do) Mucosal injury Re-revision Satisfaction

Iqbal et al[71] 2006 15 10: Laparoscopy 15: Laparoscopy    30%   20% 40%-89%

3: Thoracoscopy (2: Conversion to laparotomy)

1: Laparotomy

1: Thoracotomy

Rakita et al[73] 2007 12 11: Laparoscopy NA   25% 82%

1: Thoracoscopy

Grotenhuis et al[74] 2007 19 13: Abdominal 13: Abdominal 15.8% 10.5% 50%

6: Thoracic 6: Thoracic

Loviscek et al[75] 2013 43 20: Abdominal 26: Laparoscopy   4.7%   9.3% 79%

23: Thoracic

Omura et al[76] 2012 10 7: Laparoscopy 5: Laparoscopy   30% NA 90%

3: Thoracoscopy 2: Thoracoscopy

1: Laparotomy

1: Laparotomy + thoracotomy

NA: Not available.
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reported that the learning curve of the laparoscopic 
surgery was 20 operations, but it might be easier to 
master the technique if the surgeons have had prior 
experience with conventional laparoscopic Heller 
myotomy (Lap-Heller). According to reports by two 
high volume centers that treat esophageal achalasia, 
the symptomatic improvement rate was similar to 
that by conventional methods, and no patients were 
converted to lap-Heller, which suggested that the 
outcome was sufficiently acceptable. In the future, 
younger patients and female patients with esophageal 
achalasia may prefer laparoscopic surgery, and such a 
surgical procedure will likely be widely used. 

In general, esophageal achalasia is considered as 
a premalignant condition for esophageal squamous 
cell carcinoma, and the risk of developing the cancer 
might be 140-times greater than that in the general 
population[84]. Esophageal achalasia might be caused 
by either saburra in the esophagus due to decreased 
clearance of the lower esophagus or chronic exposure 
of saliva to the esophageal mucosa[84,85]. Some patients 
developed esophageal squamous cell carcinoma during 
the long follow-up after surgery[86,87]. Therefore, even 
after the symptoms are improved by surgery, follow-
up by periodic upper gastrointestinal endoscopy is 
required.

CONCLUSION
Since laparoscopic Heller myotomy was reported by 
Heller as the first-line surgical therapy for esophageal 
achalasia, myotomy has been modified in various 
ways for the last 100 years. At the moment, there 
is no room for doubt that laparoscopic myotomy has 
become the gold standard for treatment of achalasia 
throughout the world. However, the current surgical 
therapy does not provide a complete resolution of 
esophageal achalasia. The therapy achieves successful 
symptomatic relief but there is still a need for more 
improvement. It is expected that measures against 
the technical problems that have been pointed out by 
the previous studies lead to the development of a new 
approach. Additionally, further studies might provide 
guidelines for treatment based on various factors. 
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Abstract
AIM: To investigate the expression characteristics of 
peroxiredoxin 1 (PRDX1) mRNA and protein in liver 
cancer cell lines and tissues.

METHODS: The RNA sequencing data from 374 
patients with liver cancer were obtained from The 
Cancer Genome Atlas. The expression and clinical 
characteristics of PRDX1 mRNA were analyzed in this 
dataset. The Kaplan-Meier and Cox regression survival 
analysis was performed to determine the relationship 
between PRDX1 levels and patient survival. Subcellular 
fractionation and Western blotting were used to demon-
strate the expression of PRDX1 protein in six liver 
cancer cell lines and 29 paired fresh tissue specimens. 
After bioinformatics prediction, a putative post-
translational modification form of PRDX1 was observed 
using immunofluorescence under confocal microscopy 
and immunoprecipitation analysis in liver cancer cells.

RESULTS: The mRNA of PRDX1 gene was upregulated 
about 1.3-fold in tumor tissue compared with the 
adjacent non-tumor control (P  = 0.005). Its abun-
dance was significantly higher in men than women 
(P  < 0.001). High levels of PRDX1 mRNA were ass-
ociated with a shorter overall survival time (P  = 
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0.04) but not with recurrence-free survival. The Cox 
regression analysis demonstrated that patients with 
high PRDX1  mRNA showed about 1.9-fold increase 
of risk for death (P = 0.03). In liver cancer cells, 
PRDX1 protein was strongly expressed with multiple 
different bands. PRDX1 in the cytosol fraction existed 
near the theoretical molecular weight, whereas two 
higher molecular weight bands were present in the 
membrane/organelle and nuclear fractions. Importantly, 
the theoretical PRDX1 band was increased, whereas 
the high molecular weight form was decreased in 
tumor tissues. Subsequent experiments revealed that 
the high molecular weight bands of PRDX1 might 
result from the post-translational modification by small 
ubiquitin-like modifier-1 (SUMO1).

CONCLUSION: PRDX1 was overexpressed in the 
tumor tissues of liver cancer and served as an inde-
pendent poor prognostic factor for overall survival. 
PRDX1 can be modified by SUMO to play specific roles 
in hepatocarcinogenesis.

Key words: Peroxiredoxin 1; Liver cancer; Prognostic 
factor; Post-translational modification; SUMOylation

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Peroxiredoxin 1 (PRDX1) is an antioxidant 
enzyme, and, therefore, it is considered a tumor 
suppressor gene. However, only recently has various 
data revealed that PRDX1 not only functions in per-
oxide detoxification but also in tumorigenesis. Here, we 
found that PRDX1 was overexpressed in liver cancer 
at the transcriptional level, and it was an independent 
unfavorable prognostic factor for overall survival. In 
liver cancer cells, PRDX1 is post-translationally modified 
by small ubiquitin-like modifier. The downregulation 
of sumoylated PRDX1 in tumors might participate 
in hepatocarcinogenesis. PRDX1 represents both a 
prognostic biomarker and therapeutic target for liver 
cancer.

Sun YL, Cai JQ, Liu F, Bi XY, Zhou LP, Zhao XH. Aberrant 
expression of peroxiredoxin 1 and its clinical implications in 
liver cancer. World J Gastroenterol 2015; 21(38): 10840-10852  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i38/10840.htm  DOI: http://dx.doi.org/10.3748/wjg.v21.
i38.10840

INTRODUCTION
Liver cancer is the second leading cause of cancer 
death worldwide, accounting for about 9.1% of total 
cancer deaths. It was estimated that 782500 new 
cases and 745500 deaths occurred globally in 2012, 
and China alone accounted for about 50% of the 
total number of cases and deaths[1]. Overwhelmingly, 

chronic infection with hepatitis B or C virus, alcoholic 
liver disease, and nonalcoholic fatty liver disease 
are the major risk factors of liver cancer[2]. The 
exposures of these factors generally contribute to the 
multistep development of liver cancer by promoting 
extensive oxidative stress, liver inflammation, and 
immune response[3]. Among them, reactive oxygen 
species (ROS) can promote many aspects of tumor 
development and progression via oxidative DNA and 
protein damage, lipid peroxidation, damage to tumor 
suppressor genes, and enhanced expression of proto-
oncogenes etc.[4].

Under normal physiological conditions, the intra-
cellular ROS are detoxified by non-enzymatic molecules 
(i.e., glutathione, flavonoids, and vitamins A, C, and E) 
or antioxidant enzymes. There are at least five families 
of antioxidant enzymes with specifically scavenging 
capacity, including superoxide dismutases, catalases, 
peroxiredoxins (PRDXs), thioredoxins, and glutathione 
system etc.[4]. Among them, PRDXs use thioredoxin 
as the electron donor to catalyze the reduction of 
hydrogen peroxide, organic hydroperoxides, and 
peroxynitrite. Mammalian cells express six isoforms 
of PRDXs, which are classified into three subfamilies 
based on the location or absence of the essential 
catalytic cysteine (Cys) residue, 2-Cys (PRDX1, 2, 3, 4), 
atypical 2-Cys (PRDX5), and 1-Cys (PRDX6). PRDX1 
is the most abundant and ubiquitously distributed 
isoform.

Notably, recent evidence suggests that hydrogen 
peroxide may serve as an intracellular signaling 
messenger molecule in response to stimulation 
in many mammalian cell types[4-7]. It oxidizes the 
critical residues of its effectors, as exemplified by the 
inhibition of protein-tyrosine phosphatases and the 
tumor suppressor phosphatase and tensin homolog 
(PTEN)[8,9]. Actually, PRDX1 has been reported to act 
as an intermediate in cell signaling via oxidizing several 
signaling proteins[10-12] to regulate cell proliferation, 
differentiation, apoptosis, migration, angiogenesis, and 
senescence[12-15]. Therefore, PRDX1 has a dual function 
in tumorigenesis. On the one hand, it functions as a 
tumor suppressor gene. Prdx1-/- mice have a shortened 
lifespan due to severe hemolytic anemia and several 
malignant cancers, including liver cancer[16]. In Prdx1-/- 

fibroblasts and mammary epithelial cells, it was shown 
to act as a safeguard for the lipid phosphatase activity 
of PTEN to suppress H-Ras and ErbB-2-induced cell 
transformation[17]. On the other hand, PRDX1 can act 
in a manner independent of its peroxide detoxifying 
function. The high level of PRDX1 was associated 
with a high potential for recurrence in squamous cell 
carcinoma of the tongue[18] and diminished overall 
survival and disease-free survival in gallbladder 
cancer, ovarian serous carcinomas, lung cancer, and 
pancreatic cancer[19-22]. In addition, inhibition of PRDX1 
increases radio- and chemosensitivity in glioma and 
lung cancer[23-26]. In prostate cancer, it enhances the 
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transactivation of androgen receptor[27]. 
In liver cancer, the overexpression of PRDX1 

mRNA and protein has been observed in limited 
clinical specimens. Increased PRDX1 expression was 
associated with tumor angiogenesis, progression, and 
tumor necrosis factor alpha related apoptosis inducing 
ligand resistance and served as an independent poor 
prognosis factor[28,29]. Silencing PRDX1 in HepG2 
cells partially reversed the tumor phenotype via the 
downregulation of proteins involved in cell proliferation 
and differentiation[30]. In this study, we investigated 
the expression and clinical significance of PRDX1 
mRNA in liver cancer using an RNA sequencing 
dataset from The Cancer Genome Atlas (TCGA) (n = 
374). Meanwhile, according to the protein expression 
and subcellular localization of PRDX1, a novel post-
translational modification form of PRDX1 was explored 
in liver cancer cells.

MATERIALS AND METHODS
Cell lines and cell cultures
The human liver cancer cell lines HepG2, Hep3B, and 
SK-HEP-1 were obtained from the American Type 
Culture Collection (Rockville, MD, United States). 
Bel-7402, Bel-7404, and SMMC-7721 liver cancer cells 
were purchased form Institute of Biochemistry and Cell 
Biology of Chinese Academy of Sciences (Shanghai, 
China); HLE cell was purchased from the Human 
Science Research Resources Bank (Osaka, Japan). 
They were maintained in recommended media at 37 ℃ 
with 5% CO2.

Protein extraction from cells
For total proteins extraction, cells in the exponential 
phase of growth were harvested using a protein lysis 
buffer (pH 7.4) containing 50 mmol/L Tris-HCl, 150 
mmol/L NaCl, 1% NP-40, 0.1% sodium dodecyl sulfate 
(SDS), 10 mmol/L N-methylmaleylimide (Sigma-
Aldrich, St. Louis, MO, United States) and protease 
inhibitor cocktail (Roche Diagnostics, Mannheim, 
Germany). The protein content was determined by 
Coomassie Plus Protein Assay (Pierce, Rockford, 
IL, United States). In addition, subcellular protein 
extraction was performed using ProteoExtractTM 
Subcellular Proteome Extraction Kit (Calbiochem, 
Billerica, MA, United States) according to the manu-
facturer’s guidelines.

Clinical specimen collection and preparation
Surgical tissues from liver cancer patients were 
collected after obtaining informed consent and 
approval from the Institutional Review Board of the 
Cancer Institute and Hospital of Chinese Academy 
of Medical Sciences (Beijing, China). All patients 
were diagnosed by two senior pathologists without 
chemo/radiotherapy before surgical operation. A total 
of 29 fresh tumor and paired adjacent non-tumor 

liver tissue samples were collected from patients (26 
male, three female; median age, 54 ± 12; range 
32-78 years) undergoing resection during the period 
from May 2006 to November 2007. Among them, 17 
cases were α-fetoprotein (AFP)-normal, while 12 were 
AFP-positive. The tissue samples were collected and 
washed right after surgical resection. They were then 
snap-frozen in liquid nitrogen immediately and stored 
at -80 ℃. Fresh tissue samples were homogenized 
and the proteins were extracted using the protein lysis 
buffer described above.

Western blot analysis
Approximately 15 μg of total proteins or subcellular 
proteins were diluted in Laemmli buffer containing 
10% β-mercaptoethanol and boiled at 95 ℃ for 10 
min. Samples were subjected to sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) and then transferred to polyvinylidene difluoride 
(PVDF) membranes. After blocking, the membranes 
were incubated with anti-PRDX1 (ab15571, Abcam, 
Cambridge, United Kingdom) and anti-β-actin (Sigma-
Aldrich) antibodies. Following intensive washing, 
the membranes were developed with horseradish 
peroxidase conjugated second antibodies (Jackson 
Immunoresearch Lab., West Grove, PA, United States) 
and visualized using an enhanced chemiluminescence 
system (Santa Cruz Biotech., Dallas, TX, United 
States). The upregulation or downregulation of PRDX1 
was defined as higher or lower relative band intensity 
in tumors compared with their paired adjacent normal 
liver tissues.

Immunofluorescence under confocal microscopy
HepG2, Hep3B, and SK-HEP-1 cells were grown in 
0.01% poly-l-Lysine coated slides for 24 h. After 
fixed with 4% paraformaldehyde for 30 min at room 
temperature and washed three times with PBS (pH 
7.4), the cells were blocked with 1% bovine serum 
albumin (BSA) and 0.1% Triton X-100 for 30 min 
at room temperature. Washed cells were incubated 
for 30 min with rabbit anti-PRDX1 and mouse anti-
SUMO1 (Zymed Lab., San Francisco, CA, United 
States) antibodies. Then, the cells were incubated in 
the dark for 60 min with Alexa Fluor 488-conjugated 
goat anti-rabbit and Alexa Fluor 594-conjugated goat 
anti-mouse (Life Technologies, Carlsbad, CA, United 
States) secondary IgG. The fluorescence signals were 
captured under a TCS SP2 laser confocal microscope 
(Leica Microsystems, Wetzlar, Germany).

Immunoprecipitation
For co-immunoprecipitation analysis, 1.5 mg of whole 
cell lysate of HepG2 was precleared by incubating with 
protein G-agarose beads (Roche Diagnostics, Basel, 
Switzerland) at 4 ℃ for 1 h. The collected supernatant 
was incubated at 4 ℃ with 4 μg of rabbit anti-PRDX1 
antibody, mouse anti-SUMO1 antibody, or nonimmune 
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rabbit/mouse IgG (Zhongshan Biotechnology, Beijing, 
China) overnight with rotation. The immune complex 
was precipitated by incubation with 50 μL of protein 
G-agarose for 3 h at 4 ℃. The agarose beads were 
pelleted by centrifugation and washed three times with 
lysis buffer. The beads were suspended in 2 × Laemmli 
sample buffer and boiled for 5 min. Protein G-agarose 
beads were removed from the complex by centrifugation 
at 10000 g for 5 min. The supernatant was loaded onto 
10% SDS-PAGE for Western blot analysis with respective 
antibodies to PRDX1 and SUMO1.

TCGA RNA sequencing data mining and statistical 
analysis
The liver cancer transcriptome dataset was obtained 
from TCGA. The RNA sequencing data from 49 non-
tumor liver tissues and 374 tumor tissues were 
available. The expression of PRDX1 mRNA and its 
clinical significance was analyzed. Mann-Whitney U 
test was used to compare the Read per Million (RPM) 
between two groups. The Kaplan-Meier method was 
used to determine the relationship between the RPM 
of PRDX1 and patient survival, and log-rank analysis 
was performed to compare survival curves. Univariate 
and multivariate analyses were performed using the 
Cox regression model. In addition, the bioinformatic 
tool SUMOplot (http://www.abgent.com/sumoplot) 
was used to predict the putative SUMOylation sites of 
PRDX1. P values < 0.05 were considered significant. 
All analyses were performed using Graphpad prism 6.0 
(GraphPad Software Inc., La Jolla, CA, United States).

RESULTS
Upregulation of PRDX1 mRNA in human liver cancer 
tissues
According to the RNA sequencing data from TCGA, 
PRDX1 mRNA was upregulated approximately 
1.3-fold in tumor tissues (n = 374) compared with 
adjacent non-tumor livers (n = 49) (Figure 1A, P = 
0.005). Based on the median RPM value of PRDX1 
in tumor tissues, all 374 cases were divided into two 
groups, high level group and low level group. Kaplan-
Meier survival analysis with a log-rank test showed 
a significant correlation between high PRDX1 mRNA 
expression and shorter overall survival time (P = 
0.04) in liver cancer patients (Figure 1B, left panel). 
The median survival times of high and low expression 
groups were 635 and 498 d, respectively. However, 
the expression of PRDX1 mRNA was not associated 
with recurrence of the patients with liver cancer (Figure 
1B, right panel). Even for patients who had received a 
curative resection (R0 resection, n = 310), high levels 
of PRDX1 mRNA also was correlated with shorter 
overall survival (P = 0.05) but not with recurrence 
(Supplementary file).

These findings were further confirmed by both 
univariate and multivariate Cox regression analysis 

(Tables 1 and 2). In the univariate analysis, compared 
with the low PRDX1 mRNA expression group, patients 
with the high PRDX1 mRNA exhibited a 1.55-fold 
increase of relative risk (RR) for overall survival (P = 
0.04). Other significant risk factors included Child-Pugh 
classification (RR = 2.49, P = 0.01) and tumor, node, 
metastases (TNM) staging (RR = 2.39, P < 0.001). As 
concluded by the multivariate analysis, TNM staging 
(RR = 2.36, P = 0.007), Child-Pugh classification (RR 
= 2.30, P = 0.03), and PRDX1 mRNA expression (RR 
= 1.89, P = 0.03) were the independent prognostic 
factors for death. For recurrence-free survival, in the 
univariate analysis, residual tumor (RR = 2.25, P = 
0.05), vascular invasion (RR = 1.65, P = 0.05), and 
TNM staging (RR = 4.32, P < 0.001) were associated 
with increased risk of recurrence. Only TNM staging (RR 
= 5.04, P < 0.001) was considered as an independent 
recurrent factor.

The correlations between the clinicopathologic 
characteristics of liver cancer patients and the ex-
pression of PRDX1 mRNA in their tumors were also 
compared (Figure 1C). The levels of PRDX1 mRNA 
were higher in males than females (P < 0.001). The 
correlation between PRDX1 mRNA and other features, 
such as age, differentiation degree, vascular invasion, 
Child-Pugh classification, TNM staging, hepatic fibrosis 
degree, serum AFP levels, and hepatic inflammation in 
adjacent liver tissue, was not observed.

expression and localization of PRDX1 protein in liver 
cancer cell lines
In addition to whole cell lysates, cytosol, membrane/
organelle, and nuclear protein fractions were extracted 
from liver cancer cells (HepG2, Hep3B, SK-HEP-1, 
Bel-7404, SMMC-7721, and HLE) to enhance the 
visibility of moderate- and low-abundance proteins. 
PRDX1 was expressed in the whole lysates of all six 
cells, represented by multiple different bands (Figure 
2). Additionally, the subcellular protein analysis showed 
that PRDX1 in the cytosol fraction existed near the 
theoretical molecular weight form (22 kDa), whereas 
two higher molecular weight bands, approximately 35 
and 50 kDa, were present in the membrane/organelle 
and nuclear fractions, especially the membrane/
organelle fraction (Figure 2). Thus, PRDX1 protein was 
ubiquitously distributed in the liver cancer cells, and it 
existed as multiple forms in the membrane/organelle 
and nuclear fractions.

expression of PRDX1 protein in human liver cancer 
samples
To confirm the observation in liver cancer cells, the 
expression of PRDX1 in liver cancer patients was 
analyzed using Western blotting. We found that PRDX1 
was detected as two bands with different molecular 
weight, the theoretical 22 kDa band and the higher 
50 kDa band. Compared with the non-tumorous 
corresponding tissues, the theoretical PRDX1 band was 
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increased in 48.3% (14/29) of neoplastic liver tissues, 
whereas the higher 50 kDa form was downregulated in 
69.0% (20/29) of tumor tissues (Figure 3). The total 
intensity of PRDX1 was downregulated in 18 out of 29 
tumor tissues (62.1%, 18/29).

The clinical association trend for PRDX1 expression 
was observed in these 29 patients. We only found that 
downregulation of the 50 kDa band was greater in 
younger patients (< 60 years old). However, there was 
no correlation between PRDX1 protein and gender, 
tumor size, differentiation, TNM staging, or serum AFP 

levels.

Bioinformatic prediction of mechanisms involved in the 
formation of high molecular weight PRDX1
The theoretical molecular weight of PRDX1 is 
approximately 22 kDa. Our Western blot analysis, with 
reducing SDS-PAGE with 10% β-mercaptoethanol, 
revealed two extra high molecular weight bands near 
35 and 50 kDa, especially in subcellular fractions. 
Therefore, we suspected that PRDX1 possessed 
some covalent modifications that were increasing the 
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Figure 1  expression and clinicopathological characteristics of peroxiredoxin 1 mRNA presented in The Cancer Genome Atlas liver cancer RNA 
sequencing dataset. A: peroxiredoxin 1 (PRDX1) mRNA was significantly up-regulated in tumor tissues (n = 374) compared with the adjacent non-tumor tissues (n = 
50); B: Kaplan-Meier curves of overall survival (left panel) and recurrence (right panel) according to the PRDX1 levels in tumor samples. Log-rank test was performed; 
C: The clinicopathological characteristics analysis of PRDX1 expression in 374 liver cancer cases. RPM: Read per Million; RPM: Read per Million; AFP: α-fetoprotein.
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molecular weight. The prediction of SUMOplot tool 
identified two consensus sequence of SUMOylation 
with high probability and four sites with low probability 
in PRDX1 (Figure 4A). The molecular weight of SUMO1 
is near 12 kDa, thus we supposed that the higher 
molecular weight bands of PRDX1 were due to its 
SUMOylation.

PRDX1 might be sumoylated in liver cancer cells
To investigate whether PRDX1 might be sumoylated, 
we determined the colocalization of PRDX1 and SUMO1 
in three liver cancer cells, HepG2, Hep3B, and SK-
HEP-1. We found that green endogenous PRDX1 was 

partially co-localized with the red SUMO1 molecules in 
the cytoplasm, according to immunofluorescence and 
confocal microscopy analysis (Figure 4B).

Furthermore, a co-immunoprecipitation assay was 
performed. HepG2 cells were lysed in the presence 
of N-ethylmaleimide, which inhibits SUMO-specific 
proteases, and were immunoprecipitated with an anti-
PRDX1 or anti-SUMO1 antibody. As shown in Figure 
4C, when the anti-SUMO1 antibody was used to 
precipitate SUMO1 interacting proteins, compared with 
non-immune IgG control, the theoretical and higher 
molecular weight bands of PRDX1 could be detected. 
Conversely, when the PRDX1 and its interacting 

Variables Overall survival Recurrence-free survival

Relative risk (95%CI) P  value Relative risk (95%CI) P  value
Univariate
   Age (> 60 vs ≤ 60 yr) 1.17 (0.76-1.80) 0.48 1.33 (0.83-2.14) 0.24
   Gender (female vs male) 1.21 (0.78-1.86) 0.39 0.91 (0.72-1.15) 0.44
   Differentiation (Poorly vs well and moderately) 1.27 (0.83-1.95) 0.28 0.76 (0.48-1.21) 0.25
   Residual tumor (R1 + R2 vs R0) 1.95 (0.94-4.06) 0.07 2.25 (1.02-4.98) 0.05
   Child-Pugh classification (grade B vs A) 2.49 (1.21-5.12) 0.01 2.22 (0.95-5.19) 0.07
   Vascular invasion (macro + micro vs none) 1.52 (0.94-2.46) 0.08 1.65 (1.00-2.71) 0.05
   TNM staging (Ⅲ + Ⅳ vs Ⅰ + Ⅱ) 2.39 (1.51-3.79) < 0.001 4.32 (2.50-7.47) < 0.001
   Fibrosis (fibrosis + cirrhosis vs none) 0.98 (0.88-1.08) 0.63 0.81 (0.46-1.41) 0.45
   AFP (≥ 200 ng/mL vs < 200 ng/mL) 1.15 (0.68-1.92) 0.61 0.85 (0.49-1.49) 0.58
   PRDX1 expression (high vs low) 1.55 (1.01-2.36) 0.04 1.01 (0.63-1.60) 0.98
   Inflammation in adjacent liver (severe + mild vs none) 1.20 (0.79-1.80) 0.39 1.30 (0.82-2.07) 0.26
Multivariate
   Residual tumor (R1 + R2 vs R0) - - 0. 89 (0.28-2.89) 0.77
   Child-Pugh classification (grade B vs A) 2.30 (1.10-4.78) 0.03 - -
   Vascular invasion (macro + micro vs none) - - 1.42 (0.79-2.55) 0.23
   TNM staging (Ⅲ + Ⅳ vs Ⅰ + Ⅱ) 2.36 (1.26-4.41)   0.007 5.04 (2.76-9.22) < 0.001
   PRDX1 expression (high vs low) 1.89 (1.07-3.36) 0.03 - -

AFP: α-fetoprotein; PRDX1: Peroxiredoxin 1.

22 kDa band P  value 50 kDa band P  value

n Up-regulated (%) n Down-regulated (%)
Gender
   Male 26     45.2 (12/26) 1.00 26       69.2 (18/26) 1.00
   Female   3 33.3 (1/3)   3   66.7 (2/3)
Age
   ≥ 60 10   30.0 (3/10) 0.43 10     40.0 (4/10) 0.03
   < 60 19     52.6 (10/19) 19       65.5 (16/19)
Tumor size
   ≤ 3 cm   7 42.9 (3/7) 1.00   7   42.9 (3/7) 0.16
   > 3 cm 22     45.5 (10/22) 22       77.3 (17/22)
Differentiation
   Well 7 28.6 (2/7) 0.41   7 71.45 (5/7) 1.00
   Moderately 18     55.6 (10/18) 18       66.7 (12/18)
   Poorly   4 25.0 (1/4)   4   75.0 (3/4)
TNM staging
   Ⅰ-Ⅱ 20   35.0 (7/20) 0.23 20       70.0 (14/20) 1.00
   Ⅲ-Ⅳ   9 66.7 (6/9)   9   66.7 (6/9)
AFP 
   ≥ 200 ng/mL   7 42.9 (3/7) 1.00   7   71.4 (5/7) 1.00
   < 200 ng/mL 22     45.5 (10/22) 22       68.2 (15/22)

AFP: α-fetoprotein.
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proteins were enriched by anti-PRDX1 antibody, a 
weak band, about 50 kDa, was also recognized by 
anti-SUMO1 antibody (Figure 4D). Unfortunately, due 
to the low molecular weight characteristics of SUMO1, 
it was not detected in our Western blot system. These 
results indicated that PRDX1 and SUMO1 interacted 
with one another and suggested that PRDX1 might 
undergo SUMOylation in liver cancer cells.

DISCUSSION
In the present study, we found PRDX1 mRNA was 
upregulated in the tumor tissues of liver cancer in a 
large sample size. Increased PRDX1 was associated 
with male gender and shorter overall survival. Western 
blotting revealed that PRDX1 had two bands on SDS-
PAGE gel (about 35 and 50 kDa) that were higher 
molecular weight than the theoretical molecular 
weight (22 kDa). These higher molecular weight bands 
mainly existed in the membrane/organelle and nuclear 
fractions. Subsequent immunofluorescence and co-
immunoprecipitation assays hinted that the higher 
molecular weight bands might be due to SUMOylation 
of PRDX1.

In addition to its peroxide detoxifying function, 
PRDX1 interacts and regulates the activity of several 
vital proteins. For example, PRDX1 can bind the SH3 
domain of c-Abl, Myc Box Ⅱ domain of c-Myc, C2 
domain of PTEN, androgen receptor, apoptosis signal-
regulating kinase 1, mammalian ste20-like kinase 
1 to modulate their activities[13,17,27,31-34]. Moreover, 
PRDX1 promotes tumor development and progression 

through Toll-like receptor 4 and mammalian target of 
rapamycin/p70S6K pathways and tumor growth factor 
β1-induced epithelial-mesenchymal transition[14,15,35]. 
Meanwhile, PRDX1 can act as a chaperone to enhance 
the transactivation potential of NF-κB in estrogen 
receptor negative breast cancer cells[36]. Recently, 
PRDX1 was found to bind RNA and serve as a transcrip-
tion anti-terminator to enhance the survival of cells 
exposed to cold stress[37].

In tumors, hypoxia or ROS can induce the 
expression of PRDX1[38-41]. Although PRDX1 was shown 
to be overexpressed in most of tumors, because of 
its complex functions, its clinical significance was 
dependent on tumor type. For example, PRDX1 was 
a favorable prognostic factor in esophageal squamous 
cell carcinoma, breast cancer, bladder cancer, and 
cholangiocarcinoma[42-45], whereas an opposite role was 
attributed to PRDX1 in squamous cell carcinoma of the 
tongue, gallbladder cancer, ovarian serous carcinomas, 
lung cancer, pancreatic cancer, and liver cancer[18-22,29].

Our study confirmed that PRDX1 mRNA was 
upregulated in liver cancer tumor tissues, and its high 
levels were associated with shorter overall survival 
time. However, according to our large sample size, we 
did not observe the correlation between PRDX1 and 
the recurrence-free survival of patients, as reported 
previously[29]. Moreover, the expression of PRDX1 was 
higher in male patients. A previous study also found 
that expression levels of PRDX1 were relatively high 
in hepatitis C virus-related hepatocellular carcinoma 
samples from men[46], concordant with our results. 
It was known that liver cancer has a high male-to-

Figure 2  Western blotting analysis of peroxiredoxin 1 protein in liver cancer cells. The codes of liver cancer cells: 1: HepG2; 2: Hep3B; 3: SK-HEP-1; 4: 
Bel-7404; 5: SMMC-7721; 6: HLE. W: Whole lysates; F1: Cytosol fraction; F2: Membrane/organelle fraction; F3: Nucleus fraction. The upper panel is the Coomassie 
Blue stained SDS-PAGE gel, and the lower panel is the Western blotting of PRDX1. PRDX1: peroxiredoxin 1.
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Figure 3  expression of peroxiredoxin 1 in human liver cancer specimens. A: Western blot analysis of tumor (C) and matching adjacent non-tumor liver tissues (N) 
of 29 patients. β-actin protein levels are shown as a loading control. The patients were coded from 1 to 29; B: Densitometric analysis of 29 hepatocellular carcinoma 
cases. The black and gray bars represent the relative band intensity of peroxiredoxin 1 (PRDX1) in non-tumor or tumor tissues, showing the ratio between 22 kDa, 50 
kDa or total PRDX1 and β-actin. Each data point represents the mean ± SD derived from three independent experiments.
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female incidence rate ratio of 2-4:1[1], and men with 
liver cancer tend to have a more invasive phenotype 
and shorter survival[47]. Thus, the prognostic value of 
PRDX1 mRNA might relate to the gender-disparity of 
liver cancer.

At the protein level, we found that PRDX1 had 
three different molecular weight forms in liver cancer 
cells, and the higher molecular weight bands were 
mainly distributed in the cell organelles and nucleus. 
They were also detected in the tissue lysates. Mean-
while, the higher molecular weight bands were 
downregulated in tumor tissues, whereas the theo-
retical molecular weight band was upregulated. Our 
Western blot system is reducing SDS-PAGE including 
10% β-mercaptoethanol; therefore, the dimer 
cannot explain the phenomenon. We predicted that 
the shift in molecular weight was due to a covalent 
modification rather than a disulfide bond for PRDX1 in 
liver cancer. To support this hypothesis, we performed 
the bioinformatic prediction, immunofluorescence, 
and co-immunoprecipitation assay, and the putative 
modification forms of PRDX1 by SUMO were confirmed.

SUMOs are ubiquitin-like polypeptides that co-
valently conjugate to proteins in an ATP-dependent 
enzymatic cascade that resembles ubiquitylation[48]. 
Hundreds of proteins can be modified by SUMOs, 
including oxidative stress-related proteins. Hydrogen 
peroxide enhances the global protein SUMO conju-

gation profile and induces a reversible blockade of 
SUMO proteases sentrin-specific protease 1[49,50]. ROS 
induces a rapid de-SUMOylation of transcription factors 
c-Fos and c-Jun, resulting in stimulation of their activity 
and activation of numerous anti-oxidant proteins[51,52]. 
Thus, it seems that SUMOylation is a fine sensor for 
ROS and participates in anti-oxidative responses and 
ROS-dependent cell death[51].

It is known that the activity of PRDX1 can be 
regulated by some post-translational modifications. 
For example, phosphorylation of PRDX1 on Thr90 or 
Ser32 reduced its peroxidase activity[53-55]. Acetylation 
of PRDX1 on Lys197 increased its reducing activity[56]. 
Glutathionylation of PRDX1 at Cys52, Cys83, and 
Cys173 inactivated its molecular chaperone function[57]. 
Similarly, consequences of SUMOylation can also 
modulate the functions and activities of target 
proteins. It is widely accepted that SUMOylation can 
mask the interaction surface, induce conformational 
changes, and create SUMO-dependent interaction 
with downstream effectors[48]. However, due to low 
steady-state levels of endogenous protein modification 
and isopeptidase activity in nondenaturing lysates, 
detection and analysis of SUMOylation are challenged. 
Therefore, the SUMOylation of PRDXs had not been 
reported yet. To increase the visibility of sumoylated 
PRDX1, we added 10 mmol/L N-ethylmaleimide to 
our cell lysate buffer to stable SUMO conjugates, 

Figure 4  peroxiredoxin 1 might be sumoylated in liver cancer cells. A: The bioinformatic prediction of PRDX1 using SUMOplot tool; B: Immunofluorescence 
staining visualized under a confocal microscope illustrating the co-localization of PRDX1 and SUMO1 proteins in the cytoplasm of three liver cancer cells. C, D: Co-
immunoprecipitation of PRDX1 with SUMO1 in HepG2 cell extract; C: Lysates were subjected to immunoprecipitation (IP) with anti-SUMO1 antibody, followed by 
Western blotting (WB) with anti-PRDX1 and anti-SUMO1 to detect sumoylated PRDX1; D: Lysates were subjected to IP with anti-PRDX1 antibody, followed by WB 
with anti-SUMO1 and anti-PRDX1 to detect sumoylated PRDX1. The upper and lower panels are the results of dark and light exposure by Western blotting.
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leading to the discovery of the higher molecular weight 
bands of PRDX1. It was known that PRDX1 exhibits 
both nuclear and cytoplasmic localization in cells[58]. 
However, PRDX1 has no nuclear localization signals 
(NLS) as predicted by PredictNLS (https://www.
predictprotein.org/) and cNLS Mapper (http://nls-
mapper.iab.keio.ac.jp/) bioinformatics tools. One of the 
roles of SUMOylation is as a molecular switch to control 
the nuclear localization[59]; therefore, the SUMOylation 
of PRDX1 might provide a possible mechanism to 
localize PRDX1 to the nucleus. Furthermore, the 
downregulation of sumoylated PRDX1 might be 
involved in hepatocarcinogenesis. The confirmation 
and functions of sumoylated PRDX1 are continuing to 
be explored in our laboratory.

In conclusion, our results demonstrated upre-
gulation of PRDX1 mRNA in liver cancer is an inde-
pendent poor prognostic factor for overall survival. 
PRDX1 protein might modified by SUMO in liver 
cancer cells to form higher molecular weight bands. 
The sumoylated PRDX1 protein was downregulated 
in tumor tissues, suggesting its specific functions 
may be distinct from the un-modified forms in 
hepatocarcinogenesis. Overall, PRDX1 acts as an 
“oncogene” in liver cancer cells. It may be a useful 
prognostic marker and a promising molecular target 
for the therapeutic intervention of liver cancer.
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Abstract
AIM: To investigate whether dimethyl sulfoxide (DMSO) 
inhibits gut inflammation and barrier dysfunction 
following zymosan-induced systemic inflammatory 
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response syndrome and multiple organ dysfunction 
syndrome.

METHODS: Sprague-Dawley rats were randomly 
divided into four groups: sham with administration of 
normal saline (SS group); sham with administration 
of DMSO (SD group); zymosan with administration 
of normal saline (ZS group); and zymosan with 
administration of DMSO (ZD group). Each group 
contained three subgroups according to 4 h, 8 h, 
and 24 h after surgery. At 4 h, 8 h, and 24 h after 
intraperitoneal injection of zymosan (750 mg/kg), 
the levels of intestinal inflammatory cytokines [tumor 
necrosis factor-alpha (TNF-α) and interleukin (IL)-10] 
and oxides (myeloperoxidase, malonaldehyde, and 
superoxide dismutase) were examined. The levels 
of diamine oxidase (DAO) in plasma and intestinal 
mucosal blood f low (IMBF) were determined. 
Intestinal injury was also evaluated using an intestinal 
histological score and apoptosis of intestinal epithelial 
cells was determined by deoxynucleotidyl transferase 
dUTP nick end labeling (TUNEL) assay. The intestinal 
epithelial tight junction protein, ZO-1, was observed by 
immunofluorescence.

RESULTS: DMSO decreased TNF-α and increased 
IL-10 levels in the intestine compared with the ZS 
group at the corresponding time points. The activity 
of intestinal myeloperoxidase in the ZS group was 
higher than that in the ZD group 24 h after zymosan 
administration (P  < 0.05). DMSO decreased the content 
of malondialdehyde (MDA) and increased the activity of 
superoxide dehydrogenase (SOD) 24 h after zymosan 
administration. The IMBF was lowest at 24 h and was 
49.34% and 58.26% in the ZS group and ZD group, 
respectively (P  < 0.05). DMSO alleviated injury in 
intestinal villi, and the gut injury score was significantly 
lower than the ZS group (3.6 ± 0.2 vs  4.2 ± 0.3, P < 
0.05). DMSO decreased the level of DAO in plasma 
compared with the ZS group (65.1 ± 4.7 U/L vs  81.1 ± 
5.0 U/L, P < 0.05). DMSO significantly preserved ZO-1 
protein expression and localization 24 h after zymosan 
administration. The TUNEL analysis indicated that the 
number of apoptotic intestinal cells in the ZS group was 
much higher than the ZD group (P < 0.05).

CONCLUSION: DMSO inhibited intestinal cytokines 
and protected against zymosan-induced gut barrier 
dysfunction.
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Intestinal barrier; Tight junction

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: We examined whether the administration of 
dimethyl sulfoxide (DMSO) inhibited zymosan-induced 
intestinal inflammation and barrier dysfunction to 
provide an experimental basis for the use of DMSO in 
protecting intestinal barrier function. We found that 

DMSO can inhibit intestinal cytokines and protect 
against zymosan-induced gut barrier dysfunction.

Li YM, Wang HB, Zheng JG, Bai xD, Zhao ZK, Li JY, Hu 
S. Dimethyl sulfoxide inhibits zymosan-induced intestinal 
inflammation and barrier dysfunction. World J Gastroenterol 
2015; 21(38): 10853-10865  Available from: URL: http://www.
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INTRODUCTION
A large number of bacteria and viruses is found in the 
human intestine, and the intestinal mucosal barrier 
is the most important defense mechanism in the 
body. Intestinal mucosal barrier integrity can separate 
the luminal content from the body and prevent 
intestinal bacteria and endotoxin translocation. The 
intestinal mucosal barrier is composed of a mechanical 
barrier, immunological barrier, biological barrier, 
and chemical barrier. A decline in intestinal mucosal 
barrier function allows luminal bacteria, toxins, and 
other macromolecules, such as antigens, into the 
body, which is a key initiation factor in intestinal 
inflammation and deterioration. Increased permeability 
exposes the mucosal immune system in the intestinal 
lumen to foods and bacterial antigens, which stimulate 
the immune system and lead to the occurrence of gut 
inflammation.

A growing body of evidence indicates that intestinal 
ischemia plays a critical role in the development of 
excessive inflammatory-induced organ dysfunction[1,2]. 
When intestinal permeability and tight junction proteins 
are damaged, the gut becomes a source of pro-
inflammatory mediators, which may amplify systemic 
inflammatory response syndrome (SIRS) and induce a 
septic state and distant organ failure. Moreover, it can 
lead to multiple organ dysfunction syndrome (MODS) 
and even death[3-5]. In the pathogenesis of MODS 
induced by an uncontrolled systemic inflammatory 
response, the intestine is the first organ to be affected 
and is one of the most easily damaged organs in the 
pathological process.

Research shows that when the intestine is ischemic, 
infected, or inflamed, bacteria and their toxins can 
rapidly activate originally static functions of intestinal 
innate macrophages to produce large amounts of 
pro-inflammatory cytokines. These pro-inflammatory 
factors cause further aggregation of monocytes 
and polymorphonuclear leukocytes in the intestinal 
microcirculation and intestinal tissue and release 
more inflammatory cytokines, oxygen free radicals, 
and inhibit gastrointestinal motility medium[1,6]. 
This response causes excessive inflammation of the 
intestine, mucosal edema, intestinal barrier dysfunction, 
and intestinal paralysis, triggering intestinal bacteria 



and endotoxin translocation and gut-derived sepsis 
and MODS. Thus, effectively inhibiting the production 
of intestinal pro-inflammatory cytokines and reducing 
the production of inflammatory cytokines and oxygen 
free radicals to protect intestinal tissue from excessive 
inflammatory damage is significantly important. 
However, available drugs that protect gut barrier 
function due to excessive inflammatory response are 
limited. 

Dimethyl sulfoxide (DMSO), a hydrophile-lipophile 
molecule, has anti-inflammatory, analgesic, 
diuretic, and vasodilatation activity, improves the 
microcirculation, and affects platelet aggregation 
hypertonicity[7]. Due to its anti-inflammatory properties, 
DMSO has also been evaluated in the treatment of 
inflammatory diseases such as cystitis and arthritis[8]. 

In addition, DMSO has been approved by the United 
States Food and Drug Administration for the treatment 
of interstitial cystitis by bladder instillation[9,10]. 

Therefore, this study aimed to determine whether the 
administration of DMSO inhibited zymosan-induced 
intestinal inflammation and barrier dysfunction and to 
provide an experimental basis for the use of DMSO in 
protecting intestinal barrier function.

MATERIALS AND METHODS
Animals
Male Sprague-Dawley rats (8-10 wk, 251.5 ± 8.7 g) 
were purchased from the Experimental Animal Center 
of Military Medical Sciences of the Chinese People’s 
Liberation Army (PLA). The rats were housed in mesh 
cages in a room maintained at 25 ℃, illuminated 
by a 12:12 h light-dark cycle, and provided with 
standard rodent chow and water ad libitum. The rats 
were fasted overnight and allowed free access to 
water up to 4 h before surgery. The Committee of 
Scientific Research of the First Hospital Affiliated to the 
Chinese PLA General Hospital, China approved all the 
research protocols. The experiments were conducted 
in compliance with the Guide for Care and Use of 
Laboratory Animals of the National Research Council, 
China.

Animal model
After sterilization of the abdomen, an intraperitoneal 
injection of high-dose zymosan (750 mg/kg) was 
administered followed by a subcutaneous injection of 
DMSO (3 mL/kg, diluted in saline 1:2) or normal saline 
(3 mL/kg) 1 h after zymosan administration. The 
animals were allowed to breathe spontaneously under 
a nose cone scavenging system, using a veterinary 
anesthesia delivery system (Kent Scientific TOPO, 
Torrington, CT, United States). Rectal temperature was 
maintained at 37 ℃ with a heating pad and a heating 
lamp. Following the injection of zymosan, the animals 
developed acute peritonitis. The rats were very ill 
during the first day, as shown by ruffled fur, skin 
folds, lethargy, diarrhea, high body temperature, and 

decreased body weight[11].

Zymosan preparation 
Zymosan (Sigma Chemical, St. Louis, MO, United 
States) was accurately weighed, and the appropriate 
volume of sterile saline was added to produce a 
zymosan suspension of 60 mg/mL. A high frequency 
magnetic stirrer was used to stir the suspension until 
blended. Disinfection was carried out in a 100 ℃ water 
bath for 80 min, and the suspension was then cooled 
to room temperature. The suspension was heated 
to 40 ℃, and high-frequency vibration blending was 
performed before use. The zymosan suspension was 
then injected intraperitoneally at the dose of 750 mg/kg. 

Animal grouping and treatment
All the animals underwent the same procedure and 
were then randomly divided into four groups, weighed, 
and scored. In the ZS group and ZD group, an 
intraperitoneal injection of high-dose zymosan (750 
mg/kg) was administered followed by a subcutaneous 
injection of DMSO (3 mL/kg, diluted in saline 1:2) in 
the ZD group and normal saline (3 mL/kg) in the ZS 
group 1 h after zymosan administration. In the SS 
group and SD group, an intraperitoneal injection of 
normal saline was administered in each group and 
then 1 h later a subcutaneous injection of DMSO (3 
mL/kg, diluted in saline 1:2) was administered in 
the ZD group and normal saline (3 mL/kg) in the 
ZS group. The SS group and SD group were treated 
as the surgery and drug controls, respectively. Each 
group was divided into three subgroups, according 
to 4 h, 8 h, and 24 h after injury. In total, there were 
12 subgroups (four groups with four time points 
each), with eight samples in each subgroup. Because 
the model has a 50% mortality rate at 24 h, each 
subgroup consisted of 16-20 rats. From the surviving 
rats, eight animals from each subgroup were randomly 
selected for the final analysis. 

Blood and intestine samples
The rats were anesthetized by inhalation of 3% 
isoflurane (Yeeran Technology Limited, Beijing, China), 
and the aorta was punctured and exsanguinated at 
4 h, 8 h, and 24 h after surgery. For diamine oxidase 
(DAO), blood was collected, and plasma was obtained 
by centrifuging the blood at 10000 g for 10 min at 
4 ℃. The animals were sacrificed, and the distal small 
intestine was harvested. Segments of distal small 
intestine were fixed in 4% paraformaldehyde for 
histologic evaluation, deoxynucleotidyl transferase 
dUTP nick end labeling (TUNEL) analysis, and 
immunofluorescent staining. Segments of the distal 
small intestine stored at -40 ℃ for enzyme linked 
immunosorbent assay (ELISA). 

Determination of tumor necrosis factor alpha and 
interleukin-10 levels in intestine 
Intestine tissue (100 mg) in 1 mL phosphate-buffered 
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The probe of the blood flow meter was aimed at the 
proximal jejunum, and the laser was focused on the 
mesentery. The flow signal was measured for 30 s, 
and a 10-s stable signal was selected to calculate the 
mean value expressed in the blood perfusion unit 
(BPU).

Histopathologic score
Segments of the distal ileum were fixed in 4% 
paraformaldehyde for 48 h, embedded in paraffin, 
and sectioned. Hematoxylin and eosin staining of the 
intestine was performed after deparaffinization and 
rehydration. Two pathologists, who were blinded to 
the experimental groups, viewed and evaluated the 
sections under a light microscope. Three randomly 
selected fields from each specimen were graded using 
a scoring system that characterized gut injury on a 
scale of 0 to 4, as developed by Chiu et al[12]. 

Intestinal epithelial permeability
Determination of DAO activity was performed to assess 
gut barrier function. The activity of DAO was evaluated 
using an assay kit (Jiancheng Biotech Ltd., Nanjing, 
China) according to the manufacturer’s instructions.

Immunofluorescence
After deparaffinization, the intestine sections were 
rehydrated and incubated in citrate buffer (Zhongshan 
Jinqiao Biotechnology Co., Ltd., Beijing, China) for 
heat-induced antigen retrieval. After three washes 
with PBS, the sections were incubated with 3% 
bovine serum albumin (BSA) (Zhongshan Jinqiao 
Biotechnology Co., Ltd., Beijing, China) for 30 min 
to block nonspecific binding sites. The sections were 
then incubated with the ZO-1 antibody (1:100; Life 
Technologies, Gaithersburg, MD, United States) at 4 ℃ 
overnight. The following day, after washing with PBS 
three times, the sections were treated with Alexa Fluor 
488 secondary goat anti-rabbit antibody in 1% BSA 
for 1 h at room temperature followed by three washes 
with PBS. Sections were mounted using Antifade 
Solution (Applygen Technologies Inc., Beijing, China). 
The negative control was incubated with PBS instead of 
the ZO-1 antibody, and the other steps were the same 
as above. Images were viewed using an Olympus 
fluorescence microscope (BX51-DP71, Center Valley, 
PA, United States) with exposure-matched settings.

TUNEL analysis
TUNEL analysis was performed using the In Situ 
Cell Death Detection kit (Roche Diagnostics GmbH., 
Penzberg, Germany) according to the manufacturer’s 
instructions. Segments of the distal ileum were fixed in 
4% paraformaldehyde for 48 h, embedded in paraffin, 
and sectioned. The sections were incubated with 
pepsin digestion liquid in a wet box for 60 min after 
deparaffinization and rehydration. After two washes, 
100 L DNase 1 (1500 U/mL) was added to the positive 

saline (PBS) was homogenized at 4 ℃ with a Polytron 
homogenizer. After centrifugation at 10000 g at 4 ℃ 
for 10 min, the supernatants were collected. Tumor 
necrosis factor alpha (TNF-α) and interleukin (IL)-10 
in the intestine supernatants were quantified with a 
commercial ELISA kit (Nanjing Jiancheng Corp., China) 
according to the manufacturer’s instructions. Intestinal 
TNF-α and IL-10 levels were expressed as picograms 
per milligram of protein.

Determination of intestinal tissue myeloperoxidase 
activity
Intestinal tissue myeloperoxidase (MPO) activity was 
determined using a kit according to the manufacturer’s 
instructions. The tissue homogenate and reagent were 
placed in a water bath at 60 ℃ for 10 min after being 
thoroughly mixed. The absorbance value of each tube 
was then determined at 460 nm immediately after 
removal from the water bath. The activity of MPO in 
the intestine was calculated according to the following 
formula: MPO (U/weight grams) = [determination 
optical density (OD) value - control OD value]/11.3 × 
sample volume (g).

Determination of malonaldehyde content in intestine
Intestinal malonaldehyde (MDA) was determined using 
a kit according to the manufacturer’s instructions. The 
tissue homogenate and reagent were placed in a water 
bath at 95 ℃ for 40 min after being thoroughly mixed. 
After cooling, the mixture was centrifuged at 4000 r/m 
for 10 min. The absorbance value of each supernatant 
was then determined at 532 nm immediately after 
removal from the water bath. The content of MDA in 
the intestine was calculated according to the following 
formula: MDA (nmol/mgProt) = {[(determination tube 
absorbance - blank tube absorbance)/(standard tube 
absorbance - blank tube absorbance)] × standard 
concentrations}/protein content.

Determination of superoxide dismutase activity in 
intestine
Intestinal superoxide dismutase (SOD) activity was 
determined using a kit according to the manufacturer’s 
instructions. The tissue homogenate and reagent were 
placed in a water bath at 37 ℃ for 40 min after being 
thoroughly mixed. After 10 min at room temperature, 
the absorbance value of each supernatant was 
determined at 550 nm. The activity of SOD in the 
intestine was calculated according to the following 
formula: SOD (U/mL) = [(control tube absorbance 
- determination tube absorbance)/control tube 
absorbance]/(50% × reaction system dilution multiple 
× sample dilution multiple).

Measurement of intestinal mucosal blood flow 
A laser Doppler flowmeter (Perimed AB; Stockholm, 
Sweden) was used to monitor intestinal mucosal 
blood flow (IMBF) at 4 h, 8 h, and 24 h after surgery. 
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control group and incubated in a wet box for 20 min. 
Fifty μL TUNEL reaction mixture solution (50 L enzyme 
solution + 450 L label solution) was added to the 
positive control group and the experimental group, 
and 50 L label solution was added to the negative 
control group. The sections were incubated in the dark 
in the wet box for 60 min. Differential interference 
contrast microscopy images were then obtained at 
400 × magnification following the random selection 
of intestinal mucosa in five non-overlapping regions. 
The number of apoptotic intestinal mucosa cells and 
total intestinal mucosa cells were counted, and then 
the cell apoptosis rate was determined by the following 
equation: cell apoptosis rate = the number of apoptotic 
cells/total cells × 100%.

Statistical analysis 
Data were analyzed using a commercial statistical 
software package (SPSS Statistics 17.0, Chicago, IL, 

United States). Continuous variables were expressed 
as mean ± SE. Statistically significant differences 
were determined using one way analysis of variance 
(ANOVA). Dunnett’s test was used to compare within 
groups and SNK-q analysis was used to compare 
between groups. If variables were non-normally 
distributed, the Kruskal-Wallis H test was used. In all 
tests, a P value < 0.05 was considered statistically 
significant.

RESULTS
Effect of DMSO on intestinal cytokine levels
Figure 1 illustrates the effect of DMSO on TNF-α and 
IL-10 levels in rat intestine following intraperitoneal 
administration of zymosan. Zymosan induced increases 
in TNF-α and IL-10 in intestinal homogenates relative 
to saline treated controls, and DMSO reduced TNF-α 
levels and increased IL-10 levels in zymosan treated 
animals. The TNF-α and IL-10 levels in group ZS 
and group ZD were significantly higher than those in 
group SS and group SD (P < 0.05) following zymosan 
administration. The content of TNF-α in group ZD was 
significantly lower than that in group ZS at 4 h and 8 
h (P < 0.05), while the IL-10 level in group ZD was 
higher than that in group ZS at all time points.

DMSO decreases intestinal MPO activity 
The activity of MPO in group ZS and group ZD was 
significantly different from that in group SS and 
group SD. A significant decrease in MPO in group 
ZD compared with group ZS was observed at 24 h 
(P < 0.05). This indicated that DMSO reduced the 
accumulation of neutrophils in the gut (Figure 2). 

DMSO lowers intestinal MDA content and SOD activity 
The MDA content and SOD activity were significantly 
increased after intraperitoneal injection of zymosan. 
Both MDA content and SOD activity increased with 
time and were highest at 24 h. Furthermore, MDA 
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Figure 1  Tumor necrosis factor-α and interleukin-10 levels in rat intestine at 4, 8, and 24 h after intraperitoneal injection of zymosan. Intestine samples 
were obtained at 4, 8, and 24 h after intraperitoneal injection of zymosan. Data are expressed as mean ± SD (n = 8 per group at each time point). aP < 0.05 vs group 
SS and group SD; bP < 0.05 vs group ZS. TNF-α: Tumor necrosis factor-α; IL-10: Interleukin-10; DMSO: Dimethyl sulfoxide; SS: Sham with administration of normal 
saline; SD: Sham with administration of DMSO; ZS: Zymosan with administration of normal saline; ZD: Zymosan with administration of DMSO.

Figure 2  Activity of intestinal myeloperoxidase. Data are expressed as 
mean ± SD. aP < 0.05 vs group SS and group SD, bP < 0.05 vs group ZS (n 
= 8 per group at each time point). MPO: Myeloperoxidase; DMSO: Dimethyl 
sulfoxide; SS: Sham with administration of normal saline; SD: Sham with 
administration of DMSO; ZS: Zymosan with administration of normal saline; ZD: 
Zymosan with administration of DMSO.
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content in group ZD was lower than that in group ZS, 
and SOD activity was highest at 24 h in group ZD (P 
< 0.05). This indicated that DMSO decreased MDA 
content, increased SOD activity, and reduced the 
damage caused by lipid peroxidation (Figure 3).

DMSO increases IMBF 
IMBF in group SS and group SD was not significantly 
different at 4 h, 8 h, and 24 h. IMBF in group ZS 
and group ZD was significantly lower than that in 
group SS and group SD (P < 0.05) after zymosan 
administration. The lowest level in group ZS and group 
ZD, was 46.29% of that in group SS and 62.21% of 
that in group SD, respectively, at 24 h. The levels of 
IMBF in group ZD were significantly higher than those 
in group ZS at 8 h and 24 h (P < 0.05). These results 
indicated that DMSO improved IMBF and intestinal 
perfusion (Figure 4).

DMSO decreases intestinal injury 
Histologic evaluation of intestinal mucosa was 
performed based on Chiu’s grading system[12]. 
Histopathologic analysis of the sham group (sham + 
SS and sham + SD) showed a normal mucosal pattern. 
The villi were packed, tall, and intact. Compared with 
the sham group, intraperitoneal injection of zymosan 
caused significant mucosal damage. The intestinal villi 
became erosive, hyperemic, edematous, and atrophic. 
The villous stroma was full of inflammatory cells, and 
epithelial cell villi showed necrosis and exfoliation. 
These effects increased with time. No significant 
difference was observed between group ZS and group 
ZD at 4 h (P > 0.05). However, DMSO treatment 
significantly attenuated mucosal damage at 24 h (P < 
0.05) (Figures 5 and 6).

DMSO lowers the release of DAO 
The activity of DAO in group SS and group SD was 
not significantly different. The activity of DAO in 
group ZS and group ZD was significantly higher 
than that in group SS and group SD (P < 0.05) after 
zymosan administration. The activity was highest at 
24 h in group ZS (81.10 ± 5.01 U/L) and group ZD 
(65.09 ± 4.74 U/L) and increased to 73.58% and 
67.08% of group SS (21.43 ± 3.12 U/L) and group 
SD (21.43 ± 3.12 U/L), respectively. The activity of 
DAO in group ZD was significantly lower than that in 
group ZS (P < 0.05) at 8 h and 24 h. These results 
indicate that DMSO reduced the release of DAO into 
the bloodstream and protected intestinal structure and 
function (Figure 7).

DMSO prevents loss and redistribution of ZO-1
To assess the effects of DMSO on the expression of 
ZO-1, a tight junction protein, immunoflourescence 
was performed. Exposure-matched fluorescent 
intensity correlated with ZO-1 protein expression 
after immunostaining. In the sham group, ZO-1 was 
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Figure 3  Activity of superoxide dismutase and the content of malonaldehyde in rat intestine. Data are expressed as mean ± SD. aP < 0.05 vs group SS and 
group SD, bP < 0.05 vs group ZS (n = 8 per group at each time point). SOD: Superoxide dismutase; MDA: Malonaldehyde; DMSO: Dimethyl sulfoxide; SS: Sham 
with administration of normal saline; SD: Sham with administration of DMSO; ZS: Zymosan with administration of normal saline; ZD: Zymosan with administration of 
DMSO.

Figure 4  Effect of DMSO on intestinal mucosal blood flow. Data are 
expressed as mean ± SD (n = 8 per group at each time point).aP < 0.05 vs 
group SS and group SD; bP < 0.05 vs group ZS. IMBF: Intestinal mucosal blood 
flow; DMSO: Dimethyl sulfoxide; SS: Sham with administration of normal saline; 
SD: Sham with administration of DMSO; ZS: Zymosan with administration of 
normal saline; ZD: Zymosan with administration of DMSO.

Li YM et al . DMSO inhibits zymosan-induced intestinal inflammation and barrier dysfunction

140

120

100

80

60

40

20

0

12

10

8

6

4

2

0

In
te

st
in

e 
M

D
A 

(n
m

ol
/m

g)

4 8 24

SS

SD

ZS

ZD

4 8 24

SS

SD

ZS

ZD

a
ab

a a
a a

a

ab
a

aba
a

In
te

st
in

e 
SO

D
 (

U
/m

L)

t /h t /h

160

140

120

100

80

60

40

20

0

In
te

st
in

al
 b

lo
od

 fl
ow

 (
BP

U
)

4 8 24

SS

SD

ZS

ZD

a

ab

a

ab
a

a

t /h



densely and continuously distributed along the apical 
membrane of epithelial cells (Figure 8). The expression 
pattern of ZO-1 was similar in group SS and group 
SD at all time points. Intraperitoneal administration 
of zymosan caused a loss of ZO-1 expression at 8 h 
(Figure 8), and zymosan-induced loss of ZO-1 was 
more pronounced at 24 h, resulting in a low expression 
of ZO-1 at the cell periphery (Figure 8). The pattern 
of ZO-1 expression in group ZS was lower than that 
in group SS at 8 h and 24 h. Following treatment 
with DMSO, the loss of ZO-1 was attenuated, and the 
level of ZO-1 continually improved 8 and 24 h after 

intraperitoneal administration of zymosan (Figure 
8). Intraperitoneal zymosan (ZS group) resulted in 
a significant reduction in intestinal ZO-1 expression 
and DMSO treatment (ZD group) attenuated the 
degradation of ZO-1 at 8 and 24 h.

DMSO decreases apoptosis in the intestine 
The rate of apoptosis in intestinal tissues in group 
SS and group SD were not significantly different, 
and the rate of apoptosis in intestinal cells in group 
ZS and group ZD was significantly higher than that 
in the sham control group (all P < 0.05). The rate 
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Figure 5  Intestinal histology. Dimethyl sulfoxide protected against intestinal injury following intraperitoneal injection of zymosan. Sections of the distal ileum were 
harvested at 4, 8, and 24 h after intraperitoneal injection of zymosan and stained with hematoxylin and eosin. All images were obtained at × 200 magnification with the 
black bar = 5 μm (n = 8 per group). DMSO: Dimethyl sulfoxide; SS: Sham with administration of normal saline; SD: Sham with administration of DMSO; ZS: Zymosan 
with administration of normal saline; ZD: Zymosan with administration of DMSO.
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of apoptosis increased with time after zymosan 
administration. The rate of apoptosis in intestinal 
tissues in group ZD was significantly lower than that in 
group ZS (P < 0.05) at all time points. These results 
indicate that DMSO may inhibit intestinal cell apoptosis 
(Figure 9). 

DISCUSSION
MODS refers to the clinical syndrome of simultaneous 
or sequential dysfunction of two or more organs 
leading to an unstable internal environment after 
severe trauma, shock, and infection[13]. Under 
physiological conditions, the body maintains a balance 
between pro-inflammatory and anti-inflammatory 
reactions, as a protective response against foreign 
invasion. Pro-inflammatory factors initiate and 
promote inflammation and injury to the body through 
the release of “aggressive” inflammatory mediators. 
Anti-inflammatory cytokines are released by pro-
inflammatory cytokines and are involved in defense 
and promote anti-inflammatory reactions and tissue 
repair. However, when the pro-inflammatory or 
inflammatory reaction is too strong or too weak, the 
body is in a state of immune hyperfunction or immune 
suppression, the inflammatory response cannot be 
controlled, and homeostasis is disrupted. Infection, 
trauma, and ischemia reperfusion injury results in the 
excessive activation of inflammatory cells, such as 
macrophages, neutrophils, and endothelial cells, with 
the excessive release of inflammatory mediators. This 
causes the “waterfall effect”, inducing a SIRS, and, if 
not treated, leads to multiple organ dysfunction[14-16]. 
Therefore, the balance between pro-inflammatory 
mediators and anti-inflammatory factors determines 
the prognosis of the disease, and the imbalance 
between the two types of cytokines is an important 

cause of further development of SIRS and MODS. 
Zymosan is a substance derived from the cell wall 

of the yeast Saccharomyces cerevisiae. Intraperitoneal 
injection of zymosan in mice or rats leads to systemic 
inflammation and organ damage by inducing a wide 
range of inflammatory mediators of the complement 
system[17], prostaglandins and leukotrienes[18], platelet 
aggregation factor[19], oxygen radicals[20], and lysosomal 
enzymes[21]. In the mid-1980s, the zymosan-induced 
generalized inflammation (ZIGI) model was first 
introduced by Goris[22]. To date, the ZIGI model is 
recognized as the best model as it resembles human 
MODS and has been widely used to study systemic 
inflammation in relation to organ failure. Cuzzocera[23,24] 

administered intraperitoneal zymosan to animals, 
inducing acute peritonitis and multiple organ damage 
within 18 h. Inflammatory lesions play a role in the 
process of systemic inflammation and multiple organ 
damage induced by zymosan. Zymosan induces 
the excessive release of inflammatory mediators, 
damages vascular endothelial cells, and slows blood 
flow. Inflammatory cells and platelets adhere to the 
endothelium, and leukocytes migrate into the gap, 
releasing a variety of inflammatory transmitters, that 
damage the endothelial barrier and tissue.

After intraperitoneal injection of zymosan, pro-
inflammatory factors and anti-inflammatory factors in 
the blood increase significantly, and the uncontrolled 
synthesis and release of these factors induce SIRS. 
In recent years, research has shown that DMSO 
can inhibit the activation of nuclear factor-kappa B 
(NF-κB) stimulated by lipopolysaccharide in mouse 
macrophages[25] and intestinal Caco-2 cells[26], 
lower mRNA expression of cytokines, and reduce 
the biological activity of TNF. DMSO inhibits the 
activation of rat NF-κB in sepsis, the expression of 

10860 October 14, 2015|Volume 21|Issue 38|WJG|www.wjgnet.com

5.0

4.5

4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

G
ut

 in
ju

ry
 s

co
re

 (
+

-S
EM

)

4 8 24

SS

SD

ZS

ZD

a

ab

a

ab

a
a

Figure 6  Gut injury scores. Gut injury was scored by a pathologist blinded 
to the experimental groups on a scale of 0-4, (as described in Materials and 
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Figure 7 Effect of dimethyl sulfoxide on diamine oxidase in plasma. 
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intraperitoneal administration of zymosan. DMSO protected the intestine from 
an increase in permeability. aP < 0.05 vs group SS and group SD, bP < 0.05 vs 
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the intracellular adhesion molecule-1 (ICAM-1) gene, 
and the expression of inflammatory factors, such as 
TNF-α[27]. Following selective inhibition of the nod-like 

receptor family pryin domain containing-3 (NLRP3) 
inflammatory complex, inhibition of mature IL-1, 
casP1, casP1 activity, and ASC pyroptosomes, DMSO 
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was further confirmed to have anti-inflammatory 
effects in animal sepsis and inflammatory bowel 
disease models[28]. 

TNF-α is the primary initiator of the inflammatory 
cytokine cascade during SIRS, and IL-10 is considered 
to be the most important anti-inflammatory cytokine 
in vivo. The increase in TNF-α, a positive feedback 
response following activation of NF-κB, upregulates 
the expression and release of cytokines, such as IL-2 
and ICAM-1, and plays a role in causing inflammatory 
damage to tissues. DMSO reduces the formation of 
inflammatory mediators, localizes the inflammatory 
response, and controls the systemic inflammatory 
response in the appropriate range, preventing the 
development of SIRS and even MODS. IL-10 inhibits 
the activity of NF-κB in at least two ways: (1) DMSO 
prevents the dissociation of NF-κB and protein IkappaB 
(Iκβ) by inhibiting the activity of Iκβ kinase; and (2) 
DMSO inhibits the combination of NF-κB with the DNA 
transcriptional regulatory region, thereby inhibiting 
the transcription of corresponding inflammatory 
factors[29,30].

In the present study, zymosan induced peri-
tonitis, ascites leakage, and intestinal edema and 
significantly reduced intestinal blood flow, decreased 
the expression of intestinal tight junction protein 
ZO-1, increased intestinal permeability, which were 
correlated with the release of pro-inflammatory factors 
such as TNF-α. After the administration of DMSO, 
intestinal inflammatory factor TNF-α was significantly 
decreased, and IL-10, blood flow, and expression of 
ZO-1 were increased, indicating that DMSO decreased 
the synthesis and release of inflammatory factor 
TNF-α and increased the release of IL-10 to alleviate 
inflammatory damage caused by these factors. 
Previous studies have shown that macrophage Toll-like 
receptor 2 combined with zymosan leads to activation 
of NF-κB and generation of the pro-inflammatory 
factor TNF-α[31,32]. In this study, DMSO inhibited the 
synthesis and release of TNF-α, indicating that DMSO 
is likely to inhibit the activation of NF-κB and reduce 

the synthesis and release of TNF-α.
The activity of MPO in tissues reflects the aggre-

gation of neutrophils at inflammatory sites. After 
intraperitoneal injection of zymosan, intestinal MPO 
activity significantly increased with time, as demon-
strated by the aggregation of neutrophils in the 
intestine. However, the effect of DMSO on neutrophil 
activity and white blood cell count was not significant, 
with only some effects at 24 h. DMSO may inhibit the 
oxidative stress reaction mediated by neutrophils to 
alleviate injury caused by zymosan.

After intraperitoneal injection of zymosan, viscera 
microcirculation blood flow decreased, and the tissue 
was ischemic and anoxic and produced a large number 
of free radicals. Therefore, the animals continued to be 
in a state of oxidative stress, endogenous antioxidant 
enzyme activity was reduced, and the body's reduction/
oxidation system balance was disrupted. MDA is the 
main metabolite in lipid peroxidation, and its content 
can reflect the degree of lipid peroxidation and indirectly 
reflect the degree of oxidative damage[33]. Previous 
research showed that DMSO can reduce MDA and 
NO levels, inhibit or increase the level of glutathione, 
and alleviate liver injury and ischemia reperfusion-
induced transaminase release[34,35]. DMSO can also 
reduce renal damage caused by HgCl2[36]. In addition, 
SOD is an important antioxidant enzyme in organisms 
and the primary enzyme involved in scavenging free 
radicals. Oxygen free radicals can activate NF-κB, thus 
a reduction in oxidative products and an improvement 
in antioxidant enzymes decrease the serum and 
tissue levels of pro-inflammatory cytokines and 
protect organ function[37]. In this study, intraperitoneal 
injection of zymosan increased MDA content and SOD 
activity in the intestine, while subcutaneous injection 
of DMSO suppressed the increase in MDA and SOD. 
These results demonstrate that DMSO can reduce the 
damage caused by visceral lipid peroxidation mediated 
by oxygen free radicals.

Cell apoptosis regulates body development 
and maintains a stable internal environment via a 
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Figure 9  Effect of dimethyl sulfoxide on the percentage of apoptotic intestinal cells by the TUNEL assay. TUNEL stained paraffin sections from rats at 4, 
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series of genes that control the process of active cell 
death. Intestinal mucosal epithelial cell proliferation, 
differentiation, and apoptosis are processes of 
dynamic change. However, the balance is disrupted 
in inflammatory bowel disease, where the occurrence 
and scope of epithelial cell apoptosis is higher than that 
in normal tissue[38]. Epithelial cell apoptosis is mainly 
due to activation of the Fas/Fas ligand (FasL) signal 
transduction pathway and both Bcl-2 and Bax[39,40]. 
In this study, intestinal epithelial cell apoptosis was 
increased following intraperitoneal administration of 
zymosan and was reduced by DMSO, however, the 
specific mechanism involved in the effect of DMSO 
requires further study. 

In conclusion, DMSO reduced intestinal tissue 
injury after intraperitoneal injection of zymosan, 
restored intestinal blood flow, and protected intestinal 
function. The mechanism likely involves regulation 
of the balance between pro-inflammatory and anti-
inflammatory factors, inhibition of peroxidation in 
organs, oxygen free radical scavenging, reduction in 
intestinal epithelial cell apoptosis, and alleviation of 
intestinal function damage.
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COMMENTS
Background
When severe injury occurs, the blood supply to the intestinal tract is sharply 
reduced, which results in gut barrier dysfunction. The incidence of serious 
complications is increased following dysfunction of the gut barrier. This 
promotes bacterial translocation and the local production of cytokines. Bacteria 
and their endotoxins move into the circulation and remote organs, contributing 
to subsequent local and systemic inflammation. This may lead to systemic 
inflammatory response syndrome (SIRS) and multiple organ dysfunction 
syndrome (MODS). Therefore, protecting the intestinal barrier function is 
important. Thus, interventions such as drugs to prevent excessive inflammation 
and the reduction/oxidation reaction are of great significance in controlling SIRS 
and MODS induced by zymosan.

Research frontiers
The current treatment options for SIRS and MODS are limited, therefore, it is 
important to identify alternative therapies. Dimethyl sulfoxide (DMSO) has been 
found to have anti-inflammatory, analgesic, diuretic, and vasodilatation activities, 
to improve the microcirculation, and to affect platelet aggregation hypertonicity. 
In addition, DMSO has been studied in the treatment of inflammatory diseases, 
such as cystitis and arthritis. DMSO can reduce malonaldehyde (MDA) and 
nitric oxide (NO) level, and alleviate liver injury. DMSO can also reduce renal 
damage caused by HgCl2. However, whether DMSO can protect intestinal 
function in SIRS and MODS and its specific mechanism are unclear.

Innovations and breakthroughs
The most important novel findings in this study are that DMSO inhibits 

zymosan-induced intestinal inflammation and barrier dysfunction. Regulation 
of the balance between pro-inflammatory and anti-inflammatory reactions 
and inhibition of excessive oxidation are considered possible mechanisms 
underlying DMSO regulation of zymosan-induced intestinal barrier function.

Applications
These study results provide possible mechanisms of DMSO regulation of 
intestinal barrier function after zymosan-induced systemic inflammatory 
response syndrome and MODS.

Terminology
Intestinal barrier function: refers to the function of the intestine in preventing 
harmful substances, such as bacteria and toxins, from entering the intestinal 
mucosa, other organs, and the blood circulation. The normal intestinal mucosal 
barrier is composed of a mechanical barrier, chemical barrier, immunologic 
barrier, and biological barrier. Inflammation of the intestine: Intestinal ischemia, 
infection, and inflammation can activate intestinal inflammatory cells to release 
many cytokines and oxygen free radicals and inhibit gastrointestinal motility 
medium, resulting in excessive inflammation, mucosal edema, and intestinal 
barrier damage. DMSO is a hydrophile-lipophile molecule and is widely used 
as a solvent for biological compounds. It has anti-inflammatory, analgesic, 
diuretic, and vasodilatation activity, improves the microcirculation, and affects 
platelet aggregation hypertonicity. Zymosan: zymosan is a substance derived 
from the cell wall of the yeast Saccharomyces cerevisiae. It is composed of 
polysaccharide chains of various molecular weights and contains approximately 
73% polysaccharides, 15% proteins, and 7% lipids and inorganic components. 
When injected into animals, it results in inflammation by inducing a wide range 
of inflammatory mediators.

Peer-review
This is a well written and set up study. The authors provide a sufficient overview 
of the study background and clearly present the hypothesis of the study. The 
aim of the study was fulfilled. The results are presented sufficiently well and 
discussed well. The nine figures clearly and correctly present the results.
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Abstract
AIM: To assess the clinical features of hepatoduodenal 
lymph node (HDLN) metastasis and to clarify the 
optimal indication of HDLN dissection.

METHODS: We investigated a total of 276 patients 
who underwent gastrectomy with extended lympha-
denectomy, including HDLN dissection, for gastric 
cancer between 1999 and 2012. Of these, 26 patients 
(9.4%) had HDLN metastasis. First, we investigated the 
clinicopathological characteristics, their perioperative 
clinical outcomes, such as postoperative complications, 
and prognostic outcomes between patients with and 
without HDLN metastasis. Second, we detected the 
prognostic factors, particularly in patients with HDLN 
metastasis. Third, we assessed the therapeutic value 
of HDLN dissection to determine its optimal indication.

RESULTS: The five-year overall survival rate of the 
patients with HDLN metastasis was 29%. Univariate 
and multivariate logistic regression analyses revealed 
that the tumour location (the middle or lower stomach 
[P  = 0.005, OR = 5.88 (95%CI: 1.61-38.1)] and pT 
category [T3 or T4, P = 0.017, OR = 4.45 (95%CI: 
1.28-21.3)] were independent risk factors for HDLN 
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metastasis. Cox proportional hazard analysis identified 
pN3 as an independent poor prognostic factor in the 
patients with HDLN metastasis [P  = 0.021, HR = 
5.17 (95%CI: 1.8-292)]. For patients who underwent 
radical HDLN dissection, HDLN metastasis was a 
prognostic indicator in pN3 gastric cancer (P < 0.0001), 
but not pN1-2 (P = 0.602). Furthermore, the index of 
therapeutic value of HDLN dissection for gastric cancer 
in the middle or lower stomach and the upper stomach 
was 3.4 and 0.0, respectively.

CONCLUSION: We suggest that HDLN dissection 
should be indicated for pN1 or pN2 gastric cancers 
located at the middle or lower stomach.

Key words: Gastric cancer; Hepatoduodenal lymph 
node; D2 lymphadenectomy; Prognostic factor; Tumor 
location
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Core tip: Gastric cancer located at the middle or lower 
stomach is a risk factor of hepatoduodenal lymph 
node (HDLN) metastasis and indicates relatively high 
therapeutic value of HDLN dissection. N-category, in 
especially pN3, is an independent poor prognostic 
factor in gastric cancer patients with HDLN metastasis. 
HDLN dissection should be indicated for N1 or N2 
gastric cancers located at the middle or lower stomach.
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INTRODUCTION
Gastric cancer is one of the most common causes 
of death from cancer worldwide[1]. Recent advances 
in diagnostic techniques, less invasive treatment 
techniques, and perioperative management have 
increased the early detection of gastric cancer and 
decreased the mortality and morbidity[1,2]. Patients 
with advanced stage disease, however, still present a 
poor prognostic outcome and have a high incidence of 
lymph node metastasis. Therefore, nodal status is the 
strongest predictor of the prognosis of gastric cancer 
patients, and treatment strategy against metastatic 
lymph nodes is the most important clinical issue[3-10].

Although radical gastrectomy with lympha-
denectomy is recognized as the best strategy for 
macroscopic tumour clearance for advanced gastric 
cancer, criteria for optimal lymphadenectomy are 
different between Eastern and Western countries, 

because of differences in the number of obese 
patients, for whom a surgical approach is difficult, 
and differences in the epidemiologic characteristics of 
gastric cancer[11,12]. For example, D1 lymphadenectomy, 
which is a dissection of the perigastric lymph nodes, 
is mainly performed for advanced gastric cancer in 
Western countries, whereas D2 lymphadenectomy, 
which is a dissection of the nodes along the celiac 
artery and its branches in addition to the perigastric 
lymph nodes, is routinely performed for advanced 
gastric cancer in Eastern countries[12].

Recently, a 15-year Dutch trial demonstrated 
fewer locoregional recurrences of gastric cancer and 
better long-term survival benefit in patients with D2 
lymphadenectomy compared with those with D1 
lymphadenectomy[13]. Therefore, the therapeutic 
value of D2 lymphadenectomy has started to be re-
evaluated in Western countries[14,15]. In this study, we 
focused on the hepatoduodenal lymph node (HDLN), 
especially the lymph node at station No. 12a. This 
node is defined as a hepatoduodenal ligament lymph 
node along the proper hepatic artery[16], and the 
Japanese treatment guidelines[17] recommend it to 
be routinely removed as a standard procedure for D2 
lymphadenectomy. On the other hand, the HDLN is not 
removed in Western countries, and HDLN metastasis 
is classified as distant metastasis according to the 7th 
American Joint Committee on Cancer (AJCC) staging 
manual[18], although a recent report indicates the 
inappropriateness of including the HDLN in the distant 
metastatic lymph node group in all gastric cancers[19].

In this study, we hypothesized that HDLN metas-
tasis could be an indicator of poor prognosis in some 
subgroups of gastric cancer and that it could also be a 
governor of local metastatic control in other subgroups. 
We aimed to verify these hypotheses and to clarify the 
optimal indication of HDLN dissection retrospectively 
from patients’ hospital records.

MATERIALS AND METHODS
Study population of gastric cancer patients
A total of 276 consecutive patients that underwent 
gastrectomy with HDLN dissection, with curative 
intention, for gastric cancer in the Division of Digestive 
Surgery, Department of Surgery, Kyoto Prefectural 
University of Medicine, between January 1999 and 
December 2012 were retrospectively analysed from 
their hospital records. Surgical procedures comprised a 
distal gastrectomy in 211 patients, a total gastrectomy 
in 59 patients, a pancreaticoduodenectomy in 5 
patients, and a proximal gastrectomy in 1 patient 
according to the preoperative stage and tumour 
location. Resected specimens were examined and 
evaluated by pathologists based on classifications of 
the 14th JCGC[16] and the AJCC staging manual[18]. As 
a result, 90 patients were staged as pT1, 37 as pT2, 
64 as pT3, and 85 as pT4. Histological types were 
classified as differentiated (papillary adenocarcinoma, 
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or moderately or well-differentiated adenocarcinoma) 
or undifferentiated (poorly differentiated or undiffer-
entiated adenocarcinoma, signet-ring cell carcinoma, 
or mucinous adenocarcinoma) based on the 14th 
JCGC[16].

Of all 276 patients, 182 patients (66%) received 
adjuvant chemotherapy, but 94 patients (34%) did 
not. S-1 or 5-fluorouracil was administered as a key 
drug of adjuvant chemotherapy. None of the patients 
received adjuvant radiotherapy or chemoradiotherapy. 
All patients were examined in the outpatient clinic, 
where abdominal ultrasound, computed tomography 
(CT), and measurement of levels of carcinoembryonic 
antigen (CEA) and carbohydrate antigen 19-9 (CA19-9) 
were performed every 3-6 mo after surgery. All 
patients gave their informed consent in writing.

Analysis of surgical outcomes and clinicopathological 
factors
To reconfirm the feasibility and safety of HDLN dis-
section, we first investigated the clinicopathological 
characteristics of all patients who underwent HDLN 
dissection (Table 1) and their perioperative clinical 
outcomes, such as postoperative complications (Table 
2). Second, to evaluate the prognostic differences, 

survival rates after surgery were compared between 
patients with and without HDLN metastasis (Figure 
1). Risk factors for HDLN metastasis were also 
investigated (Table 1). Moreover, we detected the 
prognostic factors, particularly in patients with HDLN 
metastasis (Table 3 and Figure 2). Third, we assessed 
the therapeutic value of HDLN dissection to determine 
its optimal indication (Table 4). The incidence of each 
lymph node metastasis was calculated by dividing 
the number of patients with pathological lymph node 
metastasis by the number of the patients with the 
lymph node dissection. The index of therapeutic value 
of lymphadenectomy was calculated by multiplying the 
incidence of each lymph node metastasis by the five-
year survival rate of the patients with metastasis at 
each nodal station and then dividing by 100[20].

Statistical analysis
All continuous variables were classified into two groups 
based on the median value of each parameter. The 
χ 2 test and Fisher’s exact test were used to compare 
clinicopathological characteristics between patients with 
and without HDLN metastasis. Multivariate stepwise 
logistic regression analysis was performed to identify 
the independent risk factors associated with HDLN 

n HDLN metastasis Univariate Multivariate

Positive Negative P  value OR (95%CI) P  value
Total 276 26 250
Sex
   Male 186 16 (62) 170 (68)
   Female   90 10 (38)   80 (32) 0.509 -
Age (yr)
   < 65 134 10 (38) 124 (50)
   ≥ 65 142 16 (62) 126 (50) 0.277 -
Tumor location
   U   64 2 (8)   62 (25)
   M and L 212 24 (92) 188 (75) 0.029 5.88 (1.61-38.1) 0.005
CA 19-9 (U/mL)
   < 10 132   9 (35) 123 (49)
   ≥ 10 144 17 (65) 127 (51) 0.153 -
CEA (ng/mL)
   < 3 195 16 (62) 179 (72)
   ≥ 3   81 10 (38)   71 (28) 0.295 -
Histopathological type
   Differentiated 135 10 (38) 125 (50)
   Undifferentiated 141 16 (62) 125 (50) 0.260 -
Venous invasion
   (-) 173 12 (46) 161 (64)
   (+) 103 14 (54)   89 (36) 0.072 -
Lymphatic invasion
   (-) 105   3 (12) 102 (42)
   (+) 171 23 (88) 148 (58) 0.002 -
Tumor size (mm)
   < 45 119   5 (19) 114 (46)
   ≥ 45 157 21 (81) 136 (54) 0.007 -
T category
   T1 and T2 127   3 (12) 124 (50)
   T3 and T4 149 23 (88) 126 (50) < 0.0001 4.45 (1.28-21.3) 0.017

HDLN: Hepatoduodenal lymph node; CEA: Carcinoembryonic antigen; CA 19-9: Carbohydrate antigen 19-9; U: Upper gastric body; M: Middle gastric 
body; L: Lower gastric body.
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metastasis. Survival curves were estimated using 
the Kaplan-Meier method, and statistical differences 
were examined using the log-rank test. Univariate 
and multivariate survival analyses were performed 
using the likelihood ratio test of the stratified Cox 
proportional hazards model. p < 0.05 was considered 
statistically significant.

RESULTS
Clinicopathological characteristics and perioperative 
clinical outcomes in patients who underwent HDLN 
dissection
We investigated clinicopathological characteristics in 
the patients who underwent gastrectomy with D2 
lymphadenectomy, including HDLN dissection, based 
on Japanese guidelines (Table 1). Tumours in the 
middle or lower stomach (p = 0.029), tumour size 
of 45 mm and more (p = 0.007), the presence of 
lymphatic invasion (p = 0.002), and T category of T3 
or T4 (p < 0.0001) were more frequently observed 
in the patients with HDLN metastasis. Multivariate 
stepwise logistic regression analysis identified tumours 
in the middle or lower stomach (p = 0.005, OR = 5.88) 
and T category of T3 or T4 (p = 0.017, OR = 4.45) 
as independent risk factors of HDLN metastasis. We 
also analysed complications that were observed after 
D2 gastrectomy, including HDLN lymphadenectomy, 
which were defined by the Clavien-Dindo classification 
as type Ⅱ or more[21] (Table 2). The incidence of 
anastomotic leakage, pancreatic fistula, and intra-
abdominal abscess was 4.3%, 2.9%, and 1.4%, 
respectively, and these were not as high as those in 
previous reports[11,22]. One patient (0.3%) died as a 
result of surgery.

Long-term prognosis of patients with or without HDLN 
metastasis
Next, we analysed the long-term prognosis of the 
patients. The five-year overall survival (OS) rate of 
those with or without HDLN metastasis was 29% or 
72%, respectively (p < 0.0001) (Figure 1A). Limited 
to node-positive patients, the five-year OS rate of 

those with or without HDLN metastasis was 29% or 
56%, respectively (p < 0.0001) (Figure 1b). Median 
survival time (MST) of the node-positive patients with 
or without HDLN metastasis was 14.1 mo or 29.7 mo, 
respectively (Figure 1b).

Prognostic factors of patients with HDLN metastasis 
and correlation between the prognosis and nodal status
We next investigated the prognostic factors of patients 
with HDLN metastasis. Univariate analysis revealed 
that pN3 patients, whose total number of metastatic 
lymph nodes is seven or more, showed significantly 
poorer prognosis than pN1 or pN2 patients (p = 
0.002, the five-year survival rate of pN3 or pN1-2 was 
0% or 62.5%, respectively) (Table 3 and Figure 2A). 
Multivariate analysis using the Cox proportional hazard 
model showed that pN3 was an independent poor 
prognostic factor in patients with HDLN metastasis 
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Figure 1  Five-year overall survival of gastric cancer patients based on 
hepatoduodenal lymph node metastasis. A: All 276 patients analysed in 
this study were divided into two groups based on hepatoduodenal lymph node 
(HDLN) metastasis. A group with HDLN metastasis (n = 26) and that without 
HDLN metastasis (n = 250) were compared. Kaplan-Meier survival curves were 
statistically analysed by the log-rank test (p < 0.0001); B: The patients who had 
lymph node metastasis (n = 145) were divided into two groups and analysed 
as described in panel a (26 patients with HDLN metastasis and 119 patients 
without HDLN metastasis, p < 0.0001).

A

B

Complications n  (%)

Anastomotic leakage 12 (4.3)
Pancreatic fistula   8 (2.9)
Intra-abdominal abscess   4 (1.4)
Surgical site infection 26 (9.4)
Pneumonia   4 (1.4)
Cholecystitis   3 (1.1)
Pancreatitis   6 (2.2)
Hepatic dysfunction   2 (0.7)
Stenosis at anastomotic site 10 (3.6)
Ileus 11 (4.0)
Post-operative hemorrhage   2 (0.7)
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(p = 0.021, HR = 5.17) (Table 3). Limited to pN1 
and pN2 patients analysed, there was no significant 
prognostic difference between the patients with and 
without HDLN metastasis (p = 0.602) (Figure 2b). On 
the other hand, in pN3 patients, the five-year survival 
rate of those with or without HDLN metastasis was 
0% or 32.2%, and the median survival time (MST) of 
those with or without HDLN metastasis was 8.8 mo or 
30.2 mo (Figure 2C), suggesting that the prognosis of 
those patients with HDLN metastasis was significantly 
poorer than that of those without HDLN metastasis (p 
< 0.001).

Therapeutic value index and therapeutic benefit of HDLN 
dissection
Lastly, we assessed the index of therapeutic value 
of lymphadenectomy[20] at each nodal station in all 
patients who underwent D2 gastrectomy (Table 4). 
The therapeutic value of lymphadenectomy of HDLN 
was 2.7, which was relatively low in comparison with 
those of the perigastric nodes at stations No. 1 to No. 
7, which were in the range of 2.7 to 18.2. However, 

the index of HDLN (No. 12a) for tumours in the middle 
or lower stomach was 3.4, which was relatively higher 
than that for tumours in the upper stomach, which was 
0.0, suggesting that HDLN dissection could provide 
some advantages to patients with gastric cancer in the 
middle or lower stomach.

DISCUSSION
It is still unclear whether HDLN metastasis is a poor 
prognostic indicator or a determining factor of local 
metastasis such that its removal by surgery provides 
survival benefit. Moreover, the indication of HDLN 
dissection is controversial between Eastern and 
Western countries. In this study, we hypothesized that 
there are some far advanced patient subgroups for 
whom HDLN metastasis could be a poor prognostic 
indicator, and that there are other subgroups for 
whom dissection of HDLN with metastasis could 
provide an advantage. To verify these hypotheses, the 
clinicopathological factors and survival rates of patients 
who underwent HDLN dissection were analysed 

n 5-yr OS (%) MST (mo) Univariate Multivariate

P  value HR (95%CI) P  value
26 28.7 14.1

Sex
   Male 16 27.1 12.2
   Female 10 25.7 16.9 0.753 -
Age (yr)
   < 65 10 38.1 14.1
   ≥ 65 16 0 12.2 0.483 -
CA 19-9 (U/mL)
   < 10 17 35.7 16.9
   ≥ 10   9 0 12.2 0.327 -
CEA (ng/mL)
   < 3 16 35.8 14.1
   ≥ 3 10 0   9.1 0.382 -
Tumor location
   U   2 0   8.7
   M and L 24 30.0 14.1 0.569 -
Histopathological type
   Differentiated 10 0 16.9
   Undifferentiated 16 40.9 14.1 0.529 -
Venous invasion
   (-) 12 0 14.1
   (+) 14 16.7 16.9 0.411 -
Lymphatic invasion
   (-)   3 0   9.1
   (+) 23 26.9 14.1 0.624 -
Tumor size (mm)
   < 45   5 0   9.1
   ≥ 45 21 31.4 14.1 0.274 -
T-category
   T1 and T2   3 0   9.1
   T3 and T4 23 31.5 16.9 0.222 -
N-category
   N1 or N2 10 62.5 16.8
   N3 16 0   8.8 0.002 5.17 (1.8-292.7) 0.021

OS: Overall survival; MST: Median survival time; CEA: Carcinoembryonic antigen; CA 19-9: Carbohydrate antigen 19-9; U: Upper gastric body; M: Middle 
gastric body; L: Lower gastric body.
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retrospectively. Consequently, HDLN metastasis was 
clearly identified as a poor prognostic indicator in 
patients with a tumour in the upper stomach or with 
pN3 gastric cancer, as well as a key factor controlling 
local recurrence in patients with pN1and pN2 gastric 
cancer.

According to the JCGC and the treatment guide-
lines[16,17], the classification of regional lymph nodes 
and the indication of lymphadenectomy were defined 
by the extent of gastrectomy, regardless of tumour 
location. Currently, HDLN is included in the lymph 
nodes which are routinely removed in advanced gastric 
cancer patients, even when a tumour is located in 
the upper stomach. However, our study revealed that 
patients with a tumour in the upper stomach as well 
as HDLN metastasis had extremely poor prognosis, 
and that the index of therapeutic value of HDLN 
dissection for those patients was 0.0, suggesting it 
provided no advantages, which is consistent with the 
previous report[20]. Thus, HDLN dissection for tumours 
in the upper stomach should not be recommended 
as a standard procedure of D2 lymphadenectomy. 
As described above, because the 7th AJCC staging 
manual[18] defines HDLN metastasis as distant 
metastasis, HDLN is not removed in Western countries. 

Our study, however, demonstrated that HDLN 
dissection provided a relatively high survival rate to 
the patients who had pN1 or pN2 gastric cancer in the 
middle or lower stomach, regardless of the presence 
of HDLN metastasis (Figure 2 and Table 3). Therefore, 
the tumour location is an important factor in making a 
preoperative decision about whether HDLN dissection 
should be performed.

There is no doubt that differences in treatment 
indications for gastric cancer between Eastern and 
Western countries are greatly influenced by the 
features of cancer biology, epidemiology, and surgical 
difficulties in those countries[11,22-24]. Concerning tumour 
location, the incidence of upper gastric cancer in the 
United States (51%) was higher than that in Japan 
(17%)[22]. This might greatly influence the treatment 
indication of lymphadenectomy in each country. 
Recently, however, the incidence of upper gastric 
cancer is increasing in Eastern countries, as shown 
in this study [23% (64/276)] (Table 1). Using the 
multivariate logistic regression analysis (Table 1) and 
the index of therapeutic values (Table 4), we revealed 
that the tumour location is an important factor in 
making a decision about HDLN dissection. based 
on this, therefore, we suggest that the guidelines 
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should include this factor and should be standardized 
worldwide.

Our results indicate that HDLN dissection could 
salvage HDLN metastasis in patients with pN2 or 
lesser lymph node metastasis, because there was 
no significant prognostic difference between the 
patients with and without HDLN metastasis (p = 
0.602) after radical HDLN dissection. Other studies, 
however, reported the potential survival benefit of 
lymphadenectomy, such as prophylactic para-aortic 
lymph node (PAN) dissection, for curable gastric 
cancer in a limited number of patients[25,26], whereas 
it was not demonstrated in a randomized clinical trial 
(RCT) (JCOG9501)[27]. Moreover, prospective RCTs, 
such as JCOG0001 and JCOG0405[28,29], demonstrated 
the survival benefit of neoadjuvant chemotherapy 
followed by extended surgery with PAN dissection 
for gastric cancer patients with only PAN or bulky N2 
metastasis (limited putative pN3 metastasis). Similarly 
to these studies, we speculate that the survival benefit 
may also be obtained in pN3 patients by neoadjuvant 
chemotherapy followed by extended surgery with 
HDLN dissection. For this issue, further prospective 
studies are warranted.

Our results indicate the significance in making 
a decision about HDLN dissection depending on the 
tumour location and pathological N-category. However, 
there is a major problem in diagnosing metastatic 
lymph nodes accurately before surgery using current 
imaging methods. We previously generated a simple 
math formula to estimate preoperative metastatic nodal 
counts using multidetector row computed tomography 

(MDCT); Pathologic counts = 1.63 × (counts by MDCT) 
+ 2.5[30]. based on this formula, 3 or more nodal 
counts by MDCT might be considered pN3. Therefore, 
for patients with less than 3 putative metastatic 
nodal counts by MDCT, who are considered pN1 or 
pN2, D2 lymphadenectomy with HDLN dissection 
should be performed. On the other hand, for patients 
with 3 or more nodal counts by MDCT, neoadjuvant 
chemotherapy may be considered as a treatment 
choice before surgical resection with extended 
lymphadenectomy, including HDLN dissection.

Our study, however, have some limitations. The 
population of the cohort was relatively small. A 
prospective study may be needed to validate the 
indication of HDLN dissection. Therefore, although the 
therapeutic value of HDLN dissection for gastric cancer 
is currently limited, we would suggest that HDLN 
dissection can provide a prognostic benefit to pN1 and 
pN2 gastric cancer patients whose tumour is located in 
the middle or lower stomach.
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No. 8a 13.3   55.9   7.4
No. 9 19.7   32.1   6.3
No. 10   1.2 100.0   1.2
No. 11p 23.7   56.5 13.4
No. 11d   0.0 NA NA
No. 12a (HDLN)   9.4   28.7   2.7

Tumor location
No. 12a (HDLN) U   3.1     0.0   0.0
No. 12a (HDLN) M and L 11.3   30.0   3.4

The index of therapeutic value of lymph node dissection was calculated 
by multiplying the incidence of metastasis by the 5-year survival rate 
of patients with metastasis at each nodal station and then dividing 
by 10012. OS: Overall survival; LNM: Lymph node metastasis; HDLN: 
Hepatoduodenal lymph node; U: Upper gastric body; M: Middle gastric 
body; L: Lower gastric body; NA: Not applicable. 
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Abstract
AIM: To evaluate the long-term efficacy adefovir 
(ADV)-based combination therapies in entecavir (ETV)-
resistant chronic hepatitis B (CHB) patients. 

METHODS: Fifty CHB patients with genotypic 
resistance to ETV at 13 medical centers in South Korea 
were included for the analysis. All the patients received 
rescue therapy with the combination of ADV plus ETV 
(ADV/ETV, n  = 23) or ADV plus lamivudine (LMV) 
(ADV/LMV, n  = 27) for more than 12 mo. Patients were 
monitored at least every 3-4 mo during ADV-based 
combination therapy by clinical examination as well 
as biochemical and virological assessments. Hepatitis 
B virus (HBV) DNA levels were measured by real-
time PCR and logarithmically transformed for analysis. 
Cumulative rates of virologic response (VR; HBV DNA 
< 20 IU/mL) were calculated using the Kaplan-Meier 
method, and the difference was determined by a log-
rank test. Multivariate logistic regression and Cox 
proportional hazards models were used to identify 
independent risk factors significantly associated with 
short-term and long-term VR, respectively.

RESULTS: Baseline median HBV DNA levels were 5.53 
(2.81-7.63) log10 IU/mL. The most commonly observed 
ETV genotypic mutation sites were rt184 and rt202. 
Patients were treated for a median of 27 (12-45) mo. 
Overall, cumulative VR rates at 6, 12, 24, and 36 mo 
were 26%, 36%, 45%, and 68%, respectively. Patients 
treated with the ADV/ETV combination showed higher 
cumulative VR rates (35%, 43%, 65%, and 76%, 
respectively) than those with the ADV/LAM combination 
(18%, 30%, 30%, and 62%, respectively; P  = 0.048). 
In the multivariate analysis, low baseline HBV DNA 
levels (< 5.2 log10 IU/mL) and initial virologic response 
at 3 mo (IVR-3; HBV DNA < 3.3 log10 IU/mL after 
3 mo) were independent predictive factors for VR. 
Patients with favorable predictors achieved cumulative 
VR rates up to 90% at 36 mo. During the same period, 
the cumulative incidence of virologic breakthrough 
was as low as 6% in patients with the both favorable 
predictors.

CONCLUSION: If tenofovir is not available, ADV/ETV 
combination could be considered in ETV-resistant 
patients with low HBV DNA titers, and may be 

continued if IVR-3 is achieved.

Key words: Adefovir; Chronic hepatitis B; Entecavir; 
Lamivudine; Resistance

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Studies regarding optimal treatment strategies 
for entecavir-resistant chronic hepatitis B are sparse. 
Tenofovir may be the best option, but it is still not 
available in many countries. Where tenofovir is not 
available, adefovir plus entecavir can be considered an 
alternative treatment option in patients with favorable 
predictive factors. These factors included lower baseline 
hepatitis B virus (HBV) DNA levels (< 5.2 log10 IU/mL) 
and reduction of HBV DNA < 3.3 log10 IU/mL after 3 mo 
of treatment in our study. The present study will guide 
the treatment of entecavir-resistant chronic hepatitis B.

Kim HS, Yim HJ, Jang MK, Park JW, Suh SJ, Seo YS, Kim JH, 
Kim BH, Park SJ, Lee SH, Kim SG, Kim YS, Lee JI, Lee JW, 
Kim IH, Kim TY, Kim JW, Jeong SH, Jung YK, Park H, Hwang 
SG; on behalf of Antiviral Resistance Study Group. Management 
of entecavir-resistant chronic hepatitis B with adefovir-based 
combination therapies. World J Gastroenterol 2015; 21(38): 
10874-10882  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i38/10874.htm  DOI: http://dx.doi.
org/10.3748/wjg.v21.i38.10874

INTRODUCTION
Chronic hepatitis B virus (HBV) infection remains 
an important global health problem, and 15%-40% 
of infected patients may develop cirrhosis-related 
complications and/or hepatocellular carcinoma (HCC)[1]. 
Over the past decades, there have been great 
advances in the management of chronic hepatitis B 
(CHB) owing to the development of oral nucleos(t)ide 
analogues (NAs)[2]. The sustained suppression of 
serum HBV DNA by these agents has been associated 
with the prevention of liver disease progression and 
inhibition of HCC development[3,4]. However, a major 
shortcoming of these NAs is the high rate of virological 
relapse when treatment is discontinued[5,6]. Therefore, 
long-term or indefinite treatment with NAs is needed. 
Unfortunately, the risk of drug resistance increases 
in proportion to the duration of NAs therapy[7]. For 
example, cumulative lamivudine (LMV) resistance 
rates were reported to be 23% and 71% after 1 and 
4 years of LMV therapy, respectively[8,9]. Moreover, 
NAs discontinuation sometimes results in hepatitis 
flares that may lead to fulminant hepatic failure and 
death[10]. Thus, the benefits of therapy are attenuated 
and subsequent therapeutic options may be limited.

Of the NAs, entecavir (ETV) is one of the most 
potent and safest antiviral agents for HBV infection, 
with a superior potency to LMV and adefovir (ADV)[11-13]. 
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A previous study showed that the cumulative 
probability of ETV resistance in treatment naïve 
patients remained at only 1.2% after up to 5 years 
of treatment[14]. However, the rate is higher in LMV-
resistant patients[15,16], and it may increase to 51% 
after 5 years of ETV therapy[14]. Resistance to ETV 
appears to occur through a two-hit mechanism with 
an initial selection of the M204V/I mutation followed 
by amino acid substitutions at rtT184, rtS202, or 
rtM250[17]. Consequently, for CHB patients with LMV 
resistance, current international guidelines recommend 
switching to tenofovir disoproxil fumarate (TDF), 
adding on TDF, or adding on ADV, but not switching to 
ETV monotherapy[18,19]. However, earlier international 
guidelines had recommended switching to 1 mg of ETV 
per day as a treatment option for CHB patients infected 
with HBV resistant to LMV due to insufficient clinical 
data[2,20]. As a result of sequential ETV monotherapy in 
LMV-resistant patients, resistance to ETV developed in 
a substantial number of patients currently.

For patients with an ETV-resistant CHB, switching 
to or adding on TDF or TDF-emtricitabine combination 
therapy are considered as therapeutic options, and 
combination therapy with ADV plus NAs may still be 
used in countries where TDF is not available[19,21,22]. It 
has been shown that both ADV and TDF are active in 
vitro against ETV-resistant HBV infection, but clinical 
data on the efficacy of ADV or TDF in patients infected 
with ETV-resistant HBV strains are limited[21,23-26].

Although there have been few reports on the short-
term effects of ADV combination therapy for ETV-
resistant HBV infection, especially for that developed 
after LMV-ETV sequential monotherapy[23,24,27], there 
is little available clinical information regarding the 
long-term effects of ADV combination therapy in such 
patients. Therefore, this study aimed to evaluate the 
long-term efficacy of combined ADV regimens over 48 
wk in CHB patients with ETV resistance.

MATERIALS AND METHODS
Patients and study design
A total of 50 CHB patients with genotypic ETV 
resistance, who subsequently received rescue ADV-
based combination therapy for more than 12 mo at 13 
medical centers in South Korea between January 2008 
and October 2012, were enrolled in this retrospective 
cohort study. ETV resistance was documented in all 
patients by genotypic analyses at the time of switching 
to ADV-based combination therapy. We excluded 
patients infected with other viruses such as hepatitis 
C virus, human immunodeficiency virus, or hepatitis D 
virus and those with other concomitant liver diseases 
such as alcoholic liver disease, autoimmune liver 
disease, or HCC. All patients were monitored at least 
every 3-4 mo during ADV-based combination therapy 
by clinical examination as well as biochemical and 
virological assessments.

The study was approved by the Institutional Review 
Boards of each institution, and informed written 
consent was obtained from all study participants, or 
their legal guardian. The protocol conforms to the 
ethical guidelines of the Declaration of Helsinki.

Laboratory assay  
Routine biochemical tests were performed using 
standard laboratory procedures. Hepatitis B surface 
antigen (HBsAg), antibody to HBsAg (anti-HBs), 
hepatitis B e antigen (HBeAg), and antibody to HBeAg 
(anti-HBe) levels were measured using a microparticle 
enzyme immunoassay (Abbott Laboratories, North 
Chicago, IL, United States). Serum HBV DNA levels 
were measured by the COBAS TaqMan PCR assay 
(Roche, Branchburg, NJ, United States; lower limit of 
detection: 20 IU/mL). Genotypic resistance to LMV, 
ADV, and ETV was determined by direct sequencing 
(TRUGENE HBV, Siemens Health Care Diagnostic 
Solutions, Tarrytown, NY, United States) or restriction 
fragment mass polymorphism analysis, as previously 
described[28]. 

Definitions
Primary non-response was defined as a failure to 
reduce serum HBV DNA levels by > 1 log10 IU/mL 
after 3 mo of treatment[29]. Initial virologic response 
at 3 mo (IVR-3) and virologic response (VR) were 
defined as an HBV DNA level < 3.3 log10 IU/mL after 
3 mo of treatment[28,30] and an undetectable HBV DNA 
level (< 20 IU/mL) during treatment, respectively. A 
biochemical response was defined as normalization 
of serum alanine aminotransferase (ALT) levels. 
Virological breakthrough (VBT) was defined as an 
increase in serum HBV DNA level > 1 log10 IU/mL from 
the nadir during therapy. 

Statistical analysis
HBV DNA levels were logarithmically transformed 
for analysis. Continuous variables were analyzed 
using the Mann-Whitney U-test, whereas categorical 
variables were analyzed using the χ 2 test. A repeated 
measure analysis was used to compare HBV DNA level 
reductions according to ADV combination regimens. 
Cumulative rates of VR and VBT were calculated using 
the Kaplan-Meier method, and the difference was 
determined by a log-rank test. Multivariate logistic 
regression and Cox proportional hazards models were 
used to identify independent risk factors significantly 
associated with short-term and long-term VR, 
respectively. Candidate variables with a P-value < 0.1 
on univariate analysis were entered into the regression 
analysis. A P-value < 0.05 was considered significant. 
Statistical analyses were performed using SPSS, 
version 16 (SPSS Inc., Chicago, IL, United States) and 
the statistical review of the study was performed by a 
biomedical statistician.
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Table 1  Baseline characteristics of the patients  n  (%)

and primary non-response were observed in 18 (36%) 
and 9 (18%) patients, respectively. Eight of the 18 
patients who showed elevated serum ALT levels at 
baseline experienced normalization of serum ALT levels 
(44.4%). During the first year of ADV combination 
therapy, HBeAg loss occurred in 6 (12.8%) of the 
47 HBeAg positive patients. Of these, one patient 
experienced HBeAg seroconversion.

During the long-term treatment period that lasted 
a median of 27 mo, VR, HBeAg loss, and biochemical 
response were achieved in an additional 9, 3, and 6 
patients, respectively.

Cumulative VR rates at 6, 12, 24, and 36 mo were 
26%, 36%, 45%, and 68%, respectively (Figure 2A). 
Cumulative VR rates at 6, 12, 24, and 36 mo were, 
respectively, 35%, 43%, 65%, and 76% in the ADV/
ETV combination group and 18%, 30%, 30%, and 
62% in the ADV/LMV combination group. There was 
a significant difference between the two groups (P = 
0.048; Figure 2B).

Predictive factors of virologic response
Of the clinical features, a longer duration of ETV 

RESULTS
Baseline characteristics of the patients
A total of 50 patients who met the inclusion criteria 
were analyzed. The patients’ baseline characteristics 
are summarized in Table 1. Thirty-seven (74%) 
patients were men and the median age was 46.5 
(22-74) years. Twelve patients (24%) had liver 
cirrhosis and 47 patients (94%) were positive 
for HBeAg. The median HBV DNA level was 5.53 
(2.81-7.63) log10 IU/mL and 18 patients had elevated 
serum ALT levels above the upper limit of normal (40 
IU/L). The most commonly observed ETV genotypic 
mutation sites were rt184 and rt202. The median 
duration of ETV therapy was 24 (13-58) mo. Out of the 
total 50 patients, 27 received ADV/LMV combination 
therapy and 23 received ADV/ETV combination 
therapy. The median duration of ADV combination 
therapy was 27 (12-45) mo.

Treatment response
Figure 1 shows the changes in mean HBV DNA levels 
during the first 12 mo of treatment. After the start 
of ADV combination therapy, serum HBV DNA levels 
declined continuously with overall mean changes of 
-2.14 log10 IU/mL, -2.37 log10 IU/mL, and -2.67 log10 
IU/mL at months 3, 6, and 12, respectively. The mean 
reduction in serum HBV DNA levels from baseline to 
month 12 was significantly greater in the ADV/ETV 
combination group than in the ADV/LMV combination 
group (-2.77 vs -2.57 log10 IU/mL, P = 0.028) by 
repeated measure analysis (Figure 1). During the first 
year of treatment, VR (HBV DNA levels < 20 IU/mL) 
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Variables Total (n  = 50)

Age (yr)1   46.5 (22-74)
Male 37 (74)
HBeAg-positive 47 (94)
Cirrhosis 12 (24)
Antiviral history before ETV (naïve/clevudine/LMV) 2/2/46 (4/4/92)
Duration of ETV (mo)1 24 (13-58)
Serum ALT (IU/L)1   31 (5-1704)
Serum total bilirubin level (mg/dL)1    0.84 (0.28-4.30)
Serum albumin level (g/dL)1  4.2 (3.6-5.1)
INR1    1.01 (0.87-1.30)
Serum HBV DNA level (log10 IU/mL)1    5.53 (2.81-7.63)
Duration of ADV combination therapy (mo)1 27 (12-45)
Site of ETV-resistant mutations added on rtM204V/I 
   rt184 19 (38)
   rt202 22 (44)
   rt173 1 (2)
   rt169 + rt184 1 (2)
   rt184 + rt202   6 (12)
   rt184 + rt250 1 (2)
Patients with elevated ALT level above ULN 18 (36)
Rescue therapy regimens [(ADV + LMV)/(ADV + ETV)] 27/23 (54/46)

1Data are expressed as median (range). ADV: Adefovir; ALT: Alanine 
aminotransferase; ETV: Entecavir; HBeAg: Hepatitis B e antigen; HBV: 
Hepatitis B virus; INR: International normalized ratio; LMV: Lamivudine; 
ULN: Upper limit of normal.
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Figure 1  Changes of hepatitis B virus DNA levels during 48 wk. A: The 
overall mean changes of hepatitis B virus (HBV) DNA levels from baseline; 
B: The mean reduction of serum HBV DNA levels in adefovir plus entecavir 
(ADV/ETV) combination group and in the adefovir plus lamivudine (ADV/LMV) 
combination group.

Kim HS et al . Management of ETV-resistant CHB



treatment prior to ADV combination therapy, low 
serum HBV DNA levels, and the achievement of 
IVR-3 were considered favorable factors for VR after 
1-year of treatment. Other factors such as age, sex, 

cirrhosis, HBeAg status, serum ALT levels, international 
normalized ratio (INR), serum bilirubin levels, serum 
albumin levels, type of ETV resistance mutation, 
and type of ADV combination regimen were not 
significantly associated with VR (Table 2). 

A multivariate logistic regression model was 
used to identify independent risk factors significantly 
associated with VR during the first year. In the 
univariate analysis, duration of ETV treatment prior 
to ADV combination therapy, serum HBV DNA levels, 
and IVR-3 were candidate variables for multivariate 
analysis (P < 0.1). In the multivariate analysis, IVR-3 
and serum HBV DNA levels remained independent 
predictors of VR (Table 3).

A Cox proportional hazards model was used 
to identify independent risk factors significantly 
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Figure 2  Virologic responses according to type of treatments up to 36 mo. A: Overall cumulative virologic response rates at 6, 12, 24, and 36 mo; B: Cumulative 
virologic response rates in the adefovir plus entecavir (ADV/ETV) combination group and in the adefovir plus lamivudine (ADV/LMV) combination group (P = 0.048).
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Table 2  Comparison of clinical features between groups according to 1-year virologic response  n  (%)

Patients without VR (n  = 32) Patients with VR (n  = 18) P  value

Age (yr)1      47 (22-70) 42.5 (33-74)    0.413
Male    22 (68.8) 15 (83.3)    0.328
HBeAg-positive    31 (96.9) 16 (88.9)    0.291
Cirrhosis   8 (25)   4 (22.2)    1.000
Duration of ETV therapy (mo)1      24 (13-48)    36 (17-58)    0.003
Serum ALT level (IU/L)1     34.5 (12-918)      29 (5-1704)    0.210
Serum total bilirubin level (mg/dL)1         0.84 (0.31-1.99)       0.79 (0.28-4.30)    0.869
Serum albumin level (g/dL)1       4.2 (3.6-5.1)     4.3 (3.6-4.9)    0.691
INR1         1.01 (0.93-1.23)       1.02 (0.87-1.30)    0.848
Serum HBV DNA level (log10 IU/mL)1         6.16 (3.85-7.63)       4.24 (2.81-7.08) < 0.001
Site of ETV-resistant mutations    0.441
   rt184    12 (37.5)      7 (38.9)
   rt202    14 (43.8)      8 (44.4) 
   rt173 0 (0)    1 (5.6)
  rt169 + rt184 0 (0)    1 (5.6)
   rt184 + rt202      5 (15.6)    1 (5.6)
   rt184 + rt250,    1 (3.1) 0 (0)
Presence of IVR-3      7 (21.9)    17 (94.4) < 0.001
Rescue therapy regimens (ADV/LMV vs ADV/ETV) 19 vs 13 (59.4 vs 40.6) 8 vs 10 (44.4 vs 55.6)    0.382

1Data are expressed as median (range). ADV: Adefovir; ALT: Alanine aminotransferase; ETV: Entecavir; HBeAg: Hepatitis B e antigen; HBV: Hepatitis B 
virus; INR: International normalized ratio; IVR-3: Initial virologic response at 3 mo; LMV: Lamivudine; VR: Virologic response.

Table 3  Multivariate analyses of clinical factors affecting one-
year virologic response

RR 95%CI P  value

Duration of ETV therapy (mo)   1.039 0.936-1.153 0.473
Serum HBV DNA level 
(< 5.2 log10 IU/mL)

  7.614 1.160-49.986 0.034

Presence of IVR-3  24.862 2.398-257.781 0.007

ETV: Entecavir; HBV: Hepatitis B virus; IVR-3: Initial virologic response at 
3 mo.

P  = 0.048
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associated with long-term VR. The results were similar 
to the 1-year results detailed above (Table 4).

Impact of predictive factors on the long-term efficacy of 
ETV
Twenty-one patients (42%) had low baseline serum 
HBV DNA levels (< 5.2 log10 IU/mL) and IVR-3 was 
achieved in 24 of 50 (48%) patients. Patients with a 
low serum HBV DNA level or IVR-3 had a significantly 
higher probability of achieving VR. Cumulative VR 
rates at 6, 12, 24, and 36 mo were 52%, 71%, 81%, 
and 87% in patients with low baseline serum HBV DNA 
levels and 7%, 10%, 18%, and 52% in patients with 
high baseline serum HBV DNA levels, respectively(P < 
0.001; Figure 3A). Cumulative VR rates at 6, 12, 24, 
and 36 mo were 0%, 4%, 13%, and 46% in patients 
without IVR-3 and 54%, 71%, 80%, and 90% in 
patients with IVR-3, respectively (P < 0.001; Figure 
3B). VR was achieved in only 18% (4/22) of patients 

without favorable predictors (no IVR-3 and a high 
HBV DNA level) and in 73% (8/11) of patients with 
one predictor. However, patients with two favorable 
predictors achieved VR in 88% of cases (15/17). 
During the treatment period, the respective cumulative 
incidence of VR at 36 mo according to the increasing 
number of favorable predictors was 38%, 85%, and 
88%. There was a significant difference among the 
groups (P < 0.001; Figure 4).

Virological breakthrough
VBT was observed in 10 patients during the follow-
up period. Cumulative VBT rates at 6, 12, 24, and 
36 mo were 2%, 6%, 18%, and 26%, respectively 
(Figure 5A). Only one patient with VR (3.7%, 1/27) 
and one patient with two favorable predictors (4.5%, 
1/22) experienced VBT. During the treatment period, 
the respective cumulative incidence of VBT at 36 
mo according to the increasing number of favorable 
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Table 4  Univariate and multivariate analyses of factors affecting long-term virologic response

Univariate analysis Multivariate analysis

RR 95%CI P  value RR 95%CI P  value

Age (yr) 1.011 0.973-1.050    0.586
Sex (male) 1.156 0.488-2.740    0.741
HBeAg positivity (-) 1.905 0.568-6.383    0.296
Disease status (LC) 0.775 0.293-2.054    0.609
Duration of ETV (mo) 1.077 1.036-1.119 < 0.001 1.022 0.970-1.076 0.419
Serum ALT (IU/L) 1.000 0.998-1.002     0.976
Serum total bilirubin level (mg/dL) 1.405 0.774-2.550     0.264
Serum albumin level (g/dL) 1.214 0.384-3.836     0.741
INR 0.137   0.001-22.543     0.445
Serum HBV DNA level (< 5.2 log10 IU/mL) 5.084   2.231-11.581 < 0.001 2.870 1.049-7.854 0.040
Type of ETV-resistant mutation (rtT184 ) 0.780 0.359-1.693     0.529
Presence of IVR-3  8.822   3.228-24.114 < 0.001 4.417   1.402-13.918 0.011
Rescue therapy regimens (ADV/ETV) 2.007 0.928-4.338     0.077 1.678 0.683-4.119 0.259

ADV: Adefovir; ALT: Alanine aminotransferase; CHB: Chronic hepatitis B; ETV: Entecavir; HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus; INR: 
International normalized ratio; IVR-3: Initial virologic response at 3 mo; LC: Liver cirrhosis; LMV: Lamivudine.

Figure 3  Virologic responses according to the presence of favorable factors. A: Cumulative virologic response rates in patients with low baseline serum hepatitis 
B virus (HBV) DNA levels and in patients with high baseline serum HBV DNA levels (P < 0.001); B: Cumulative virologic response rates in patients with and without 
initial virologic response-3 (IVR-3) (P < 0.001). 
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predictors was 40%, 21%, and 6% (Figure 5B).

DISCUSSION
Although highly potent NAs with optimal genetic 
resistance profiles (ETV and TDF) have been 
introduced, prior NAs with lower genetic barriers 
continue to cause drug resistance, which is an 
important clinical problem. In particular, sequential 
monotherapy leads to the emergence of multi-drug 
resistant mutants, a matter of great concern in the 
management of CHB patients. So far, few studies have 
evaluated the efficacy of ADV combination therapy 
for ETV-resistant HBV infection. However, previous 
studies included small numbers of patients and/or 
patients with concurrent ADV resistance[21,23,27]. To our 
knowledge, this is one of the largest studies and the 
first long-term follow-up study (up to 4 years) of the 
efficacy of ADV-based combination therapy in ETV-
resistant CHB patients.

Previous studies showed VR rates of about 50% to 
ADV/ETV combination therapy in patients with LMV- 
and ETV-resistant HBV infection[21,23,24]. In the present 
study, however, 27 of 50 (54%) patients showed a 
VR with respective cumulative VR rates of 36% and 
68% at 12 and 36 mo. The reason for the relatively 
high VR in our study may be due to the difference in 
the study population and follow-up duration compared 
to previous studies. Our study excluded patients with 
prior ADV exposure in order to accurately evaluate the 
antiviral efficacy of ADV-based regimens in those with 
resistance to ETV, and the patients were followed up 
for a median of 27 mo (up to 4 years).

This study demonstrated that the antiviral efficacy 
of ADV/ETV combination therapy is superior to that 
of ADV/LMV combination therapy in patients with ETV 
resistance. During the first year of therapy, the mean 

reduction in serum HBV DNA levels was significantly 
greater in the ADV/ETV combination group than in 
the ADV/LMV combination group (-2.77 vs -2.57 log10 
IU/mL, P = 0.028) by repeated measure analysis. In 
addition, during the long-term follow-up period, the 
respective cumulative VR rates at 12 and 36 mo were 
43% and 76% in the ADV/ETV combination group and 
30% and 62% in the ADV/LMV combination group. 
There was a significant difference between the two 
groups (P = 0.048). This is the first such finding in 
ETV-resistant CHB patients; previous studies did not 
demonstrate the superiority of ADV/ETV combination 
therapy over ADV/LMV combination therapy in 
LMV- and ETV-resistant patients[24,27]. However, in a 
previous study, ADV/ETV combination therapy was 
used as rescue therapy in only 18 patients[24], which 
is a relatively small number for a comparison of the 
efficacy of the ADV/ETV and ADV/LMV regimens.

Another interesting finding of this study is the 
prognostic role of lower baseline HBV DNA levels and 
IVR-3, which are predictive factors for short-term and 
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Figure 4  Virologic responses according to the number of predictive 
factors. Cumulative virologic response rates in patients with 2, 1, and 0 
favorable factors are presented (P < 0.001).
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long-term VR. ADV-based combination therapy has 
proven to be highly effective in patients with lower 
baseline HBV DNA levels or IVR-3. In fact, cumulative 
VR rates in patients with lower baseline HBV DNA 
levels or IVR-3 were very high, reaching 90% at 36 
mo. In clinical practice, the ADV/ETV combination can 
be considered for ETV-resistant CHB patients with 
lower HBV DNA levels, and IVR-3 may help determine 
whether ADV/ETV combination therapy could be 
maintained or should be switched to TDF-based 
regimens.

A VBT was observed in 10 out of 50 patients 
during the follow-up period, with a cumulative VBT 
rate of 26% at 36 mo. Interestingly, only one patient 
with favorable predictors experienced VBT during the 
follow-up period, with a 6% cumulative VBT rate at 
36 mo. No ADV mutations were found in this patient, 
and serum HBV DNA levels declined again despite 
maintaining therapy. This indicates a clinically useful 
long-term efficacy of ADV-based combination therapy 
in ETV-resistant patients in the presence of favorable 
predictors of VR such as a lower HBV DNA level and 
IVR-3.

TDF is a potent HBV inhibitor with a high genetic 
barrier to resistance and doesn’t exhibit cross 
resistance with LMV or ETV[22,31]. In recent studies, 
TDF/ETV combination therapy showed excellent 
efficacy in patients with multi-drug resistance (MDR) 
and resulted in a relatively high rate of complete 
VR at an early time point, even in patients with 
triple resistance to LAM, ETV, and ADV[25,26]. When 
considering the potencies of TDF and ADV, a TDF/
ETV combination should be superior to an ADV/ETV 
combination in CHB patients with MDR although 
comparative data of this is lacking. As there are 
countries where TDF is still not available, ADV/ETV 
combination could be considered an alternative option.

Our study has some limitations. First, the sample 
size was relatively small. However, considering the 
difficulty of including ETV-resistant CHB patients, 
the present study would be accepted as a valuable 
multicenter study and the largest one evaluating 
ADV-based combination therapy in ETV-resistant 
CHB patients. Second, the study was performed 
retrospectively. In future, a prospective study based 
on TDF mono- or combination therapy should be 
considered in ETV resistant CHB patients depending on 
TDF availability.

In conclusion, an ADV/ETV combination was 
superior to an ADV/LMV combination, and ADV-based 
combination therapy was effective in patients with 
favorable predictors. 

In countries where tenofovir is not available, 
the ADV/ETV combination could be considered an 
alternative treatment option in ETV-resistant patients 
with a low HBV DNA titer, and may be continued if 
IVR-3 is achieved.
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Abstract
AIM: To estimate the prevalence of gastric cancer 
(GC) in a cohort of patients diagnosed with GC and to 
compare it with patients diagnosed with all other types 
of gastro-intestinal (GI) cancer during the same period.

METHODS: Between 2008 and 2013, five-year period, 
the medical records of all GI cancer patients who 
underwent medical care and confirm diagnosis of 
cancer were reviewed at the National Referral Hospital, 
Thimphu which is the only hospital in the country 
where surgical and cancer diagnosis can be made. 
Demographic information, type of cancer, and the year 
of diagnosis were collected.

RESULTS: There were a total of 767 GI related cancer 
records reviewed during the study period of which 354 
(46%) patients were diagnosed with GC. There were 
413 patients with other GI cancer including; esophagus, 
colon, liver, rectum, pancreas, gall bladder, cholangio-
carcinoma and other GI tract cancers. The GC incidence 
rate is approximately 0.9/10000 per year (367 cases/5 
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years per 800000 people). The geographic distribution 
of GC was the lowest in the south region of Bhutan 
0.3/10000 per year compared to the central region 
1.4/10000 per year, Eastern region 1.2/10000 per year, 
and the Western region 1.1/10000 per year. Moreover, 
GC in the South part was significantly lower than the 
other GI cancer in the same region (8% vs  15%; OR 
= 1.8, 95%CI: 1.3-3.1, P  = 0.05). Among GC patients, 
38% were under the age of 60 years, mean age at 
diagnosis was 62.3 (± 12.1) years with male-to-female 
ratio 1:0.5. The mean age among patients with all other 
type GI cancer was 60 years (± 13.2) and male-to-
female ratio of 1:0.7. At time of diagnosis of GC, 342 
(93%) were at stage 3 and 4 of and by the year 2013; 
80 (23%) GC patients died compared to 31% death 
among patients with the all other GI cancer (P  = 0.08).

CONCLUSION: The incidence rate of GC in Bhutan 
is twice as high in the United States but is likely 
an underestimate rate because of unreported and 
undiagnosed cases in the villages. The high incidence of 
GC in Bhutan could be attributed to the high prevalence 
of Helicobacter pylori  infection that we previously 
reported. The lowest incidence of GC in Southern part 
of the country could be due to the difference in the 
ethnicity as most of its population is of Indian and Nepal 
origin. Our current study emphasizes on the importance 
for developing surveillance and prevention strategies for 
GC in Bhutan.

Key words: Gastric cancer; Mortality; Epidemiology; 
Bhutan

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The incidence rate of gastric cancer (GC) 
in Bhutan is twice as high in the United States but is 
likely an underestimate rate because of unreported 
and undiagnosed cases in the villages. The high 
incidence of GC in Bhutan could be attributed to the 
high prevalence of Helicobacter pylori  infection that 
we previously reported. The lowest incidence of GC 
in Southern part of the country could be due to the 
difference in the ethnicity as most of its population is of 
Indian and Nepal origin. Our current study emphasizes 
on the importance for developing surveillance and 
prevention strategies for GC in Bhutan.
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INTRODUCTION
Gastric cancer (GC) is the second leading cause of 
cancer-related mortality and the fourth most common 
cancer globally[1-3]. However, its incidence rates in 
different geographical regions are distinctly varied[2]. 
It been reported that in East Asia, high-risk countries 
include South Korea, Japan and China, where the 
age-standardized incidence rate is higher than 20 
cases of GC per 100000 inhabitants per year[2]. The 
World Health Organization reports the incidence of 
GC in Bhutan to be very high[4]; however there is no 
published data yet. Bhutan is a small mountainous 
country bordering India and China and consists of four 
geographical regions, west, east, central, and south 
with a population consists of 800000 citizens.

It has been established that a Helicobacter pylori (H. 
pylori) infection is an etiologic agent of chronic gastritis 
and peptic ulcer disease, GC and mucosal associated 
lymphoid tissue lymphoma (MALT) and it is listed as 
a number one carcinogen[5-8]. We previously reported 
a very high prevalence of H. pylori in Bhutan[9,10]. 
Childhood hygiene practices and family education 
determine the prevalence of H. pylori infection[11,12]. The 
current study aimed to estimate the incidence of GC in 
Bhutan and to compare the geographic distribution of 
GC to our previously reported geographic distribution of 
H. pylori infection.

MATERIALS AND METHODS
Data source and case identification
Between 2008 and 2013, five-year period, the medical 
records of all Gastro-Intestinal Cancer patients who 
underwent medical care and confirm diagnosis of 
cancer were reviewed at the National Referral Hospital, 
Thimphu which is the only hospital in the country 
where surgical and cancer diagnosis can be made. 
Diagnosis and ascertainment of the GC cases was 
based on endoscopic and pathological examination. 
There is only one surgeon in the country (TD) who 
operates on most/all the oncology cases in the country 
and there not yet established GC registry in Bhutan. 
Demographic information, e.g., age, gender, place 
of residence, and date of diagnosis were collected. 
For each patient, type of gastro-intestinal cancer was 
retrieved.

Geography, population, and climate of Bhutan
Bhutan is a remote Himalayan country between India 
and Tibet (China) with a population consists of only 
800000 citizens residing in 18147 sq mi (47000 sq 
km) (Figure 1). Seventy percent of country is rural and 
agriculture based and the literacy rate is 47% (2011 



10885 October 14, 2015|Volume 21|Issue 38|WJG|www.wjgnet.com

Census). More than 30% of Bhutan populations live 
below poverty level. The climate in Bhutan varies with 
elevation, from subtropical in the south to temperate 
in the highlands and polar-type climate, with year-
round snow in the north.

Bhutan is demographically divided into four main 
regions, Southern, Western, Eastern, and central 
regions. The Southern region shares border with India 
and ethnically they are of Indian and Nepal origin. 
The Western region is mostly on higher altitudes 
and socioeconomic standard is higher than Southern 
region. The normal water supply is through rural 
water scheme that is supported by the government 
and most people use local streams, rivers and piped 
water supply. The Central region shares similarity 
with the Western region both socioeconomically and 
geographically though it is little warmer. The Eastern 
region is lower in altitude than the Western region and 
have similar rural water supply scheme as the Western 
region.

Statistical analysis
Calculation of the crude incidence rate was based on 
the number of recorded cases divided by the overall 
population by the number of years. The estimated 
Bhutan population in 2005 was 800000.

RESULTS
There were a total of 767 GI related cancer records 
reviewed during the years of 2008 and 2013. There 
were 354 (46%) patients diagnosed with GC and 413 
patients with diagnosed with esophagus, colon, liver, 
rectum, pancreas, gall bladder, cholangio-carcinoma 

and other types of GI cancers. The GC incidence rate 
was approximately 0.9/10000 per year (354 cases/5 
years/800000 people). Among GC patients, 38% were 
under the age of 60 years, mean age at diagnosis 
was 62.3 (SD ± 12.1) years and the male-to-female 
ratio 1:0.5. The mean age among patients with all 
other type GI cancer was 60 years (± 13.2) and male-
to-female ratio of 1:0.7. GC in the South part was 
significantly lower than the other GI cancer in the 
same region (8% vs 15%, OR = 1.8, 95%CI: 1.3-3.1, 
p = 0.05).

The geographic distribution of the overall number 
of GC cases by each city is presented in Figure 1. We 
calculated the incidence rate of GC by each region; we 
found that the geographic distribution of GC was the 
lowest in the Southern region of Bhutan 0.3/10000 
per year compared to the central region 1.4/100000 
per year, Eastern region 1.2/10000 per year, and the 
Western region 1.1/10000 per year (Figure 2). As we 
previously reported, the geographic distribution of H. 
pylori infection was the lowest in the south region of 
the country (Figure 3).

At time of diagnosis of GC, 10 (3%) of the patients 
were at stage 1, 15 (4%) at stage 2, 211 (60%) at 
stage 3 and 118 (33%) stage 4. By the year 2013; 79 
GC patients (22%) died.

DISCUSSION
The latest estimate of the global incidence rates of GC 
was updated by the International Agency for Research 
on Cancer in 2008 report estimated that there were 
989000 new cases of GC or (7.8% of all reported 
cancer cases)[1-3]. We found that the incidence rate 

Figure 1  geographic of the map of Bhutan.
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of GC in Bhutan is high as it is second higher rate of 
cancer in the country after the incidence of cervical 
cancer (Unpublished data). The results of the current 
study add more emphasis to literature of the high 
GC incidence rate in South Asia, as the current study 
is the first report of the incidence of GC in Bhutan. 
In our previous study in Bhutan when we assessed 
subjects for gastric mucosal atrophy, we found that 
PG Ⅰ/Ⅱ ratio was significantly inversely correlated 
with the atrophy score in the antrum and the corpus. 
Furthermore, we found that the PG status was 
significantly associated with the presence of atrophy 
in the corpus and the prevalence of the PG-positive 

status was significantly higher among H. pylori-positive 
subjects than among H. pylori-negative subjects. We 
concluded that the high incidence of GC in Bhutan 
can be attributed to the high prevalence of H. pylori 
infection and gastric mucosal atrophy[13].

Geographic variations in GC incidence have been 
reported in both the West and the East[14-16]. Of 
interest our results revealed the lowest GC rate was 
found in south Bhutan than the rest of the country. 
This variation is consistent with our previous published 
results of the finding of the lowest H. pylori prevalence 
in the south part Bhutan[9]. The marked lower 
prevalence in the Southern region could be due is the 
different of the ethnicity in the region as they are of 
Indian and Nepal origin and they have different food 
habits than the original Bhutanese. It is known that 
Bhutanese are broadly from three ethnic backgrounds. 
The first ethnic group is from Tibetan descent that 
mainly from the Western parts of the country while 
the second is the Indo-Burmese ethnic group where 
mostly from the population in the Eastern parts of the 
country, the Southern Bhutanese, the third group, is of 
the Nepali origin and mainly Aryan descent. Migration 
studies have shown that first-generation migrants from 
countries with a high incidence of H. pylori infection 
relocating to countries of low incidence rates had 
similar risks as that of the country of origin, but the 
incidence rate tended toward that of the host country 
in subsequent generations, suggesting the important 
role of environmental risk factors[17-20]. Moreover, 
various biological strains could be present in different 

 
Figure 2  gastric cancer cases distribution by area in Bhutan.

 

Figure 3  geographic distribution of the incidence of gastric cancer and 
Helicobacter pylori infection.
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parts of the country and within individuals. A study 
published that Indian H. pylori isolates have been 
shown to have European origins and are widely held to 
be only mildly pathogenic[21].

The high incidence of GC in Bhutan could be 
attributed to the high prevalence of H. pylori infection 
that we previously reported. Moreover, it was also 
reported that host genetic have an impact on host 
responses to gastric inflammation and acid secretion, 
thereby interacting with H. pylori infection in gastric 
carcinogenesis. Therefore, host genetic factors may 
determine why some individuals infected with H. pylori 
develop GC, while others do not[22].

It has been established that a H. pylori infection is 
an etiologic agent of chronic gastritis and peptic ulcer 
disease, GC and MALT and it is listed as a number 
one carcinogen[1-4]. Several studies and randomized 
controlled trials showed that H. pylori eradication 
reduce GC incidence by at least 35%[23-28]. Current 
consensus is that H. pylori screening and treatment is 
effective only in high-risk populations[29-32]. However, 
up till today such screening/surveillance had not taken 
place yet in Bhutan in spite the high prevalence of H. 
pylori infection and high GC rate among all age groups.

The current study revealed that 95% of GC patients 
were diagnosed at stages 3 and 4 and accordingly this 
could result in a higher mortality than early diagnosis. 
Early cancer detection is important because countries 
that perform GC surveillance, such as Japan and 
Korea, have lower mortality rates[3]. The Asian-Pacific 
Consensus Group recommended the screening and 
treatment of H. pylori as an evidenced-based and 
reasonable strategy for primary prevention of GC 
in selected communities where the burden of GC is 
high[32].

It has been well documented that treatment of H. 
pylori infection has an impact on the precursors of GC. 
A study from Colombia, a region with high GC risk, 
assessed the effect of H. pylori eradication therapy on 
intestinal metaplasia, multifocal atrophy and dysplasia 
in reported significant regression in histopathology 
score after treatment[33-36]. A recent study from Taiwan 
reported that mass eradication of H. pylori infection 
resulted in significant reduction in incidence of gastric 
atrophy resulting from chemoprevention[37]. Adopting 
the 2008 Asia-Pacific guidelines for a low threshold 
for treatment of symptomatic patients, as well as low 
cost follow-up testing could significantly lower the 
prevalence of peptic ulcer disease, GC. Therefore, 
there it is a great need for developing surveillance and 
prevention strategies for GC in Bhutan.

The utilization of the current data for constructing 
our study has some shortcomings that should be 
addressed. The main limitation is that we relied on the 
hospital records and not GC registry to identify the 
cancer cases. However, up till today, there is no cancer 
registry in Bhutan and the Timphu National hospital 
is the only hospital that diagnoses all cancer cases in 

the country, so our data is valid as representative GC 
cases in Bhutan. The second limitation of the study 
that we did not have enough data to calculate the 
overall mortality rate due GC and further studies are 
highly needed to address that topic.

In conclusion, this study demonstrates clear 
evidence of the high GC incidence in Bhutan that 
could be attributed to the high prevalence of H. pylori 
infection that we previously reported. The lowest 
incidence of GC in Southern part of the country could 
be due to the difference in the ethnicity as most of its 
population is of Indian and Nepal origin. Our current 
study emphasizes on the importance for developing 
surveillance and prevention strategies for GC in 
Bhutan.
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Abstract
AIM: To assess numbers and case fatality of patients 
with upper gastrointestinal bleeding (UGIB), effects of 
deprivation and whether weekend presentation affected 
outcomes.

METHODS: Data was obtained from Information 
Services Division (ISD) Scotland and National Records 
of Scotland (NRS) death records for a ten year period 
between 2000-2001 and 2009-2010. We obtained 
data from the ISD Scottish Morbidity Records (SMR01) 
database which holds data on inpatient and day-
case hospital discharges from non-obstetric and non-
psychiatric hospitals in Scotland. The mortality data 
was obtained from NRS and linked with the ISD 
SMR01 database to obtain 30-d case fatality. We used 
23 ICD-10 (International Classification of diseases) 
codes which identify UGIB to interrogate database. 
We analysed these data for trends in number of 
hospital admissions with UGIB, 30-d mortality over 
time and assessed effects of social deprivation. We 
compared weekend and weekday admissions for 
differences in 30-d mortality and length of hospital 
stay. We determined comorbidities for each admission 
to establish if comorbidities contributed to patient 
outcome. 

RESULTS: A total of 60643 Scottish residents were 
admitted with UGIH during January, 2000 and October, 
2009. There was no significant change in annual 
number of admissions over time, but there was a 
statistically significant reduction in 30-d case fatality 
from 10.3% to 8.8% (P  < 0.001) over these 10 years. 
Number of admissions with UGIB was higher for the 
patients from most deprived category (P  < 0.05), 
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An increased case fatality among patients presenting 
to hospitals at weekends has been reported for a 
number of medical emergencies, including pulmonary 
embolism[7], myocardial infarction[8] and stroke[9,10]. This 
has been described as a “weekend effect”. Although 
some recent studies have suggested a worse outcome 
for patients presenting with UGIB at weekends, reports 
on this issue are inconsistent[3,11-13]. A study based 
on the 2007 United Kingdom national audit did not 
find a weekend effect for UGIB[14]. There are several 
processes involved in early management of acute UGIB 
including risk stratification, early resuscitation, specialist 
involvement and early endoscopy. Many of these can 
be affected by variations in hospital staffing levels and 
resource availability, particularly at weekends. These 
may impact on patient outcomes including durations of 
hospital admission and risk of death.

Our aims were to assess trends over time in 
numbers and case fatality of patients admitted with 
UGIB in Scotland and examine whether there is an 
association with social deprivation. We also assessed 
whether outcomes including case fatality and duration 
of hospital stay are different for patients who presented 
at the weekend, compared with those presenting 
on weekdays. Finally, we examined whether patient 
comorbidities accounted for any weekend variation.

MATERIALS AND METHODS
We sourced data from Information Services Division 
(ISD) Scotland and National Records of Scotland (NRS) 
death records for a ten year period between 2000/01 
and 2009/10. ISD Scotland is a division of National 
Services Scotland and part of National Health Services 
Scotland. It works in partnership with a wide range 
of organisations to build and maintain high quality 
national health related datasets and statistical services. 
We obtained data from the Scottish Morbidity Records 
(ISD) SMR01 database which holds data on inpatient 
and day-case hospital discharges from non-obstetric 
and non-psychiatric hospitals in Scotland. SMR01 
episode records are used to identify individual hospital 
stays. The data is based on Scottish residents only. 
The mortality data was obtained from NRS and linked 
with the ISD SMR01 database to obtain 30-d case 
fatality. This was expressed as percentage of patients 
who died within 30 d from a hospital admission with 
a main diagnosis of UGIB. Case fatality figures have 
been reported in this manuscript as “mortality”, to 
ensure consistency with other reports. All data records 
were extracted from the ISD-held permanently linked 
dataset and were managed subject to ISD information 
governance rules and processes.

Upper GI bleeding was defined using ICD-10 
(International Classification of diseases) codes. It is a 
standard tool used to classify diseases and maintain 
medical records allowing later retrieval of information 
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although case fatality was higher for the patients from 
the least deprived category (P  < 0.05). There was no 
statistically significant change in this trend between 
2000/01-2009/10. Patients admitted with UGIB at 
weekends had higher 30-d case fatality compared with 
those admitted on weekdays (P  < 0.001). Thirty day 
mortality remained significantly higher for patients 
admitted with UGIB at weekends after adjusting 
for comorbidities. Length of hospital stay was also 
higher overall for patients admitted at the weekend 
when compared to weekdays, although only reached 
statistical significance for the last year of study 2009/10 
(P  < 0.0005). 

CONCLUSION: Despite reduction in mortality for UGIB 
in Scotland during 2000-2010, weekend admissions 
show a consistently higher mortality and greater 
lengths of stay compared with weekdays. 

Key words: Gastrointestinal Haemorrhage; Mortality; 
Endoscopy; Length of stay; Emergency service

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: In this study we have used a large admini-
strative database to demonstrate a significant reduction 
in mortality from upper gastrointestinal bleeding in 
Scotland from 2000 to 2010, with stable number of 
admissions over this time. It is interesting to see this 
trend during a period of increased incidence of variceal 
bleeding with a rising burden of chronic liver disease. 
This is the first report from Scotland demonstrating a 
“weekend effect” for upper gastrointestinal bleeding. 
Patients admitted at weekends have significantly higher 
mortality and a greater length of hospital stay compared 
with those admitted on weekdays, despite adjustments 
for comorbidities. These data can help inform resource 
planning for hospitals at weekends. 

Ahmed A, Armstrong M, Robertson I, Morris AJ, Blatchford 
O, Stanley AJ. Upper gastrointestinal bleeding in Scotland 
2000-2010: Improved outcomes but a significant weekend effect. 
World J Gastroenterol 2015; 21(38): 10890-10897  Available 
from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i38/10890.htm  DOI: http://dx.doi.org/10.3748/wjg.v21.i38.10890

INTRODUCTION
Upper gastrointestinal bleeding (UGIB) is a common 
medical emergency with an incidence of 103-172 
per 100000 in the United Kingdom[1-3]. This condition 
accounts for approximately 25000 hospital admissions 
annually in the United Kingdom[4]. Some studies have 
suggested an improved outcome over recent years, 
with others describing a reduced incidence and an 
association with social deprivation[1,3,5,6].



for epidemiological purposes. ICD-10 codes used to 
define UGIB are summarised in Table 1.

Data on length of hospital admission was calculated 
using the number of days between date of admission 
and discharge. The date of discharge was used to 
allocate an admission to a financial year. 

The measure of deprivation used was the Scottish 
Index of Multiple Deprivation (SIMD) 2009. The 
SIMD is a composite index of multiple deprivations 
using data from seven domains including income, 
employment, education, housing, health, crime and 
geographical access. The SIMD 2009 scores are 
calculated for residential areas and divides areas of 
Scottish population into quintiles, giving five equal 
sized groups with 20% of the population falling into 
each quintile. Quintile 1 is the most deprived and 
quintile 5 is the least deprived. Patients’ residential 
postal code at the time of hospital admission was used 
to allocate their SIMD 2009 quintile.

We analysed these data for trends in both number 
of hospital admissions with UGIB and 30-d mortality 
over time. We compared weekend and weekday 
admissions for differences in 30-d mortality and length 
of hospital stay. Weekdays were defined as Monday 
to Friday with weekends being Saturday and Sunday 
(days defined as midnight to midnight). Deaths were 

recorded within 30 d of patients’ admissions; where 
patients had more than one admission in the 30 d prior 
to death, the death was only linked to the admission 
closest to their death, to avoid double-counting. 

ISD SMR01 episodic data is not suitable for 
calculating co-morbidities prevalent at the time of 
admission, due to coding guidance which requires that 
only other conditions related to the current diagnosis 
should be recorded in the secondary diagnosis fields. 
Therefore to correct for the effect of comorbidities on 
mortality for weekday and weekend admissions, a 
five year look back for each admission with UGIB was 
carried out to determine comorbidities. Comorbidity 
was measured using the revised Charlson’s comorbidity 
score as described in Department of Health, information 
centre’s Summary Hospital-level Mortality Indicator 
(SHMI)[15]. Scores assigned over the five year look back 
period were combined to give a final score at the point 
of admission. Data were analysed using SPSS version 
21[16].

Statistical analysis
We used linear regression analysis to assess the trends 
in number of admissions with UGIB, and 30 d mortality, 
and to compare trends in relationship between 30 d 
mortality and deprivation over the 10-year period. Z 
test of proportions was used to compare proportion of 
deaths for patients who were admitted on weekdays 
with proportion of deaths for patients who were 
admitted on weekends. Two sample t-test was used 
to compare average length of stay between weekends 
and weekday admissions with UGIB.

RESULTS
A total of 60643 Scottish residents were admitted to 
Scottish hospitals with a diagnosis of UGIB during the 
10 year period between 2000/01-2009/10. Altogether, 
there were 73834 admissions as some patients had 
more than one admission for UGIB during this period. 
There was no significant variation in the numbers of 
annual hospital admissions with UGIB over this study 
period. 

Patients admitted at weekends were younger than 
those admitted on weekdays (median age 60 years vs 
62 years, P < 0.0005). Trends in number of hospital 
admissions, 30-d mortality and length of hospital stay 
are shown in Table 2. 

There was a significant trend in 30-d mortality 
which reduced from 10.3% of patients in 2000/01 
to 8.8% in 2009/10 (χ 2 for trend P < 0.0005). 
The durations of patients’ hospital admissions fell 
significantly between 2000/01 and 2009/10 (median 
from 3.0 to 2.0 d; mean from 9.2 to 7.9 d, both P < 
0.0005).

Effect of deprivation
There was a statistically significant association 
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Table 1  ICD-10 codes used for upper gastrointestinal 
bleeding

ICD10 code Description

I850 Oesophageal varices with bleeding
K226 Gastro-oesophageal laceration - haemorrhage syndrome
K228 Other specified diseases of oesophagus
K250 Gastric ulcer, acute with haemorrhage
K252 Gastric ulcer, acute with both haemorrhage and 

perforation
K254 Gastric ulcer, chronic or unspecified with haemorrhage
K256 Chronic or unspecified Gastric ulcer with both 

haemorrhage and perforation
K260 Duodenal ulcer, acute with haemorrhage
K262 Duodenal ulcer, acute with both haemorrhage and 

perforation
K264 Duodenal ulcer, chronic or unspecified with haemorrhage
K266 Chronic or unspecified Duodenal ulcer with both 

haemorrhage and perforation
K270 Peptic ulcer, acute with haemorrhage
K272 Peptic ulcer, acute with both haemorrhage and perforation
K274 Peptic ulcer, chronic or unspecified with haemorrhage
K276 Chronic or unspecified Peptic ulcer with both 

haemorrhage and perforation
K280 Gastrojejunal ulcer, acute with haemorrhage
K282 Gastrojejunal ulcer, acute with both haemorrhage and 

perforation
K284 Gastrojejunal ulcer, chronic or unspecified with 

haemorrhage
K286 Chronic or unspecified Gastrojejunal ulcer with both 

haemorrhage and perforation
K290 Acute haemorrhagic gastritis
K920 Haematemesis
K921 Melaena
K922 Gastrointestinal haemorrhage, unspecified

Ahmed A et al . Weekend effect for UGIB in Scotland
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Figure 1). However patients in the least deprived 
SIMD category had a higher 30-d mortality compared 
with the most deprived SIMD category (P < 0.05; 
Figure 2). Over the ten year study period there was 
a significant decrease in 30-d mortality for patients in 
SIMD deprivation quintiles 1, 4 and 5; (P values of χ 2 

for trend in quintiles 1 to 5 = 0.002, 0.13, 0.08, 0.02, 
0.02 respectively). 

Weekend effect - mortality
Compared to patients admitted on a weekday, weekend 
admissions had a significantly higher mortality overall 
and for seven of the ten years (all but 2003/04, 
2004/05 and 2009/10; P < 0.001; Figure 3)

Logistic regression analysis was performed including 
effects of age, gender, day of the week and comorbidity 
measured by Charlson’s comorbidity score. People 
admitted at the weekend with a diagnosis of UGIB 
had a higher comorbidity score than those admitted 
during the week (P < 0.001; see Table 3). However, 
after adjusting for comorbidity, 30 d mortality remained 
significantly higher for patients admitted with UGIB at 
weekends. 

between UGIB and deprivation with a higher number 
of hospital admissions for patients who were more 
deprived during this 10 years period (P < 0.05; 

Table 2  Trends in number of hospital admissions and outcome for patients with upper gastrointestinal bleeding in Scotland

2000/1 2001/2 2002/3 2003/4 2004/5 2005/6 2006/7 2007/8 2008/9 2009/10

Number of admissions1 7674 7717 7365 7106 7145 7236 7316 7363 7397 7717
Median length of stay (d)   3.0   3.0   3.0   3.0   3.0 3.0 3.0 2.0 2.0 2.0
Mean length of stay (d)   9.2   9.8 10.0   9.8 10.1 9.6 9.2 8.2 8.6 7.9
Total number of patients 6973 7002 6659 6480 6508 6582 6618 6634 6690 6813
Number of deaths   718   744   703   705   663   646   650   625   623   599
30-d mortality (%)2 10.3 10.6 10.6 10.9 10.2 9.8 9.8 9.4 9.3 8.8

1Same patient may be counted more than once if they had more than one upper gastrointestinal bleeding admission during the year; 2Patient are counted 
only once during each year but may be counted more than once across all 10 years. 

Table 3  Charlson’s co-morbidity score at time of admission

Charlson’s co-morbidity score

Point of Admission Number Median mean SD 95%CI (mean)

Weekday 59061 3 7.055 9.452 6.98-7.13
Weekend 15442 4 7.603 9.613 7.45-7.75
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Figure 1  Number of admissions with a diagnosis of upper gastrointestinal 
bleeding by deprivation quintile (Scottish Index of Multiple Deprivation 
deprivation quintiles 1 and 5).
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Figure 2  30-d mortality following upper gastrointestinal bleeding for 
patients in Scottish Index of Multiple Deprivation deprivation quintiles 1 
and 5.
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Figure 3  30-d mortality, comparing weekend and weekday admissions.

Ahmed A et al . Weekend effect for UGIB in Scotland



10894 October 14, 2015|Volume 21|Issue 38|WJG|www.wjgnet.com

Weekend effect- length of admission
Length of hospital stay was higher overall for patients 
admitted at the weekend when compared to weekdays 
(P < 0.0005), although only reached significance for 
an individual year in the last year of study (2009/10) 
as shown in Figure 4.

DISCUSSION
In this study we have used a large administrative 
database to demonstrate a significant reduction in 
mortality from UGIB in Scotland from 2000-2010, with 
a stable number of admissions with UGIB over this 
time. Admissions with UGIB were closely related to 
deprivation with a greater number of admissions in the 
most deprived categories, but higher mortality among 
the least deprived. Patients admitted at weekends 
with UGIB had higher mortality than those admitted 
on weekdays and a longer duration of hospital stay. 
Although patients admitted at weekend had a higher 
comorbidity score than those admitted on weekdays, 
this did not account for the mortality difference. This 
would suggest that factors other than comorbidity 
contribute to a worse outcome at weekends.

Our finding of a significant reduction in 30-d 
mortality from 10.3% to 8.8% over the ten year 
study period is consistent with some other studies 
reported from the United Kingdom. Button et al[3] 
found mortality from UGIB in Wales fell from 11.4% 
to 8.6% over a seven year period. Crooks et al[5] 
reported a reduction in 28 d mortality in England for 
both variceal and non variceal haemorrhage, which 
fell by 2% and 3% respectively. Similar findings have 
been reported recently from other European countries. 
Cavallaro et al[17] found a significant improvement 
in GI bleeding outcomes in Veneto Italy during the 
decade 2001-2010; including reduced in-hospital 
mortality and length of hospital stay. This reduction in 
mortality may be explained by several factors including 
advances in endoscopic haemostatic therapies, the 
use of proton pump inhibitors for ulcer bleeding, 
vasopressors and antibiotics for variceal haemorrhage 

and use of risk scoring systems for patients with UGIB. 
It is interesting that the reduction in overall mortality 
has occurred during a period of increased incidence of 
variceal bleeding due to the rising burden of chronic 
liver disease[6]. 

Cavallaro et al[17] also reported a reduction in 
overall admissions with UGIB over the 10 year period 
between 2001-2010. A recent study from Finland 
reported a decline in incidence of bleeding gastric and 
duodenal ulcers between the years 2000-2008[18]. 
This is in contrast to our finding of a stable incidence 
in Scotland over a similar time period. The reasons 
for this are unclear but may be explained by different 
population characteristics such as social deprivation 
rates and changing incidence of chronic liver disease. 

We found a very strong association between 
the incidence of UGIB and social deprivation with 
the highest number of admissions among the most 
deprived groups. A previous West of Scotland study 
found a 2.2 fold increased incidence for the most 
deprived quarter of patients when compared with the 
least deprived[1]. Recent English and Welsh studies 
found a similar increased admission rates in the most 
deprived quintile[3,19]. Similar to our study, the English 
and Welsh studies did not find an increased mortality 
gradient with deprivation. One plausible explanation 
for these findings could be the possibility that patients 
in most deprived quintile presented with UGIB of lesser 
severity (such as gastritis or Mallory Weiss bleeding 
after acute alcohol intoxication) thereby resulting in 
consistently higher number of admissions but lower 
mortality. On the other hand, patients in least deprived 
category had fewer episodes of minor UGIB secondary 
to gastritis and Mallory Weiss bleeding after alcohol 
intoxication resulting in fewer admissions. It is possible 
that the majority of presentations in this least deprived 
category were due to more severe causes of UGIB, 
thereby increasing overall mortality.

A higher mortality has been reported for patients 
admitted at weekends with a variety of medical 
emergencies, including acute myocardial infarction, 
stroke, UGIB, abdominal aortic aneurysm, pulmonary 
embolus and acute epiglottitis[3,7,11,12,20-22]. The UGIB 
study from Wales found that mortality was 13% higher 
for patients admitted on the weekends compared with 
weekdays[3]. They found mortality to be even higher for 
patients admitted on public holidays. Due to methods 
of coding, we were unable to separately assess 
outcome for patients presenting on public holidays.

Two large cohort studies from the United States 
reported a 10%-20% increased mortality for patients 
admitted with UGIB at weekends compared with 
weekdays[12,13]. On the contrary, a recent study based 
on data collected from the 2007 United Kingdom 
national UGIB audit did not show a difference in 
risk adjusted mortality for patients presenting at 
weekends compared with weekdays, despite a delay in 
endoscopy for those admitted at weekends[14,23]. This 
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may be due to non-consecutive recording of data in 
the United Kingdom national audit, with some hospitals 
contributing a small number of cases which may 
have created a selection bias[23]. Our data provides 
a complete national picture by including all hospital 
admissions for UGIB in Scotland for each year, thereby 
minimising case selection bias.

There are several possible explanations for our 
findings of a higher mortality for weekend admissions. 
Firstly, it may relate to staffing and resource issues. On 
weekends, hospitals are typically staffed by fewer, less 
experienced health care providers with poor continuity 
of care. Many hospitals have relatively limited specialist 
cover at weekends, including endoscopy staff and 
interventional radiologists. Some of these issues have 
been associated with lower quality of care and worse 
outcome[24,25]. The availability of urgent or next day 
endoscopy is variable in many hospitals and regions, 
with the 2007 United Kingdom audit revealing that 
52% hospitals had no formal on-call endoscopy rota 
for emergency procedures, with only 50% patients 
having endoscopy within 24 h of presentation with 
acute UGIB[23]. Interestingly a recent study from South 
Korea suggested that early endoscopy for peptic ulcer 
bleeding could prevent the deleterious “weekend 
effect” on outcome[26].

Secondly, it has been suggested that patients 
admitted over the weekend with a variety of medical 
conditions have increased co-morbidities or more 
severe illness[27,28]. It is possible that patients with 
minor bleeding delay seeking medical attention over 
the weekend and see their General Practitioner on 
Monday, while those with more severe bleeding seek 
emergency care. Due to the observational nature 
of our study we were unable to determine bleeding 
severity for individual cases. We found that patients 
admitted at the weekend with UGIB had a higher 
Charlson’s co-morbidity score than those admitted 
during the week. However, even after correction 
for co-morbidity, patients admitted at the weekend 
had higher 30-d mortality than those admitted on 
weekdays. Therefore differences in comorbidity do not 
fully account for the higher weekend mortality.

Median length of hospital stay for patients admitted 
at the weekend was also significantly longer over 
the whole study period, with a numerically higher 
in-patient stay for patients admitted at weekends 
compared with weekdays for each year from April, 
2003. Dorn et al[11] examined for weekend effect using 
a large population based data from North America 
and reported length of hospital stay to be 1.7% longer 
for weekend admissions with UGIB. Similar findings 
were reported by Shaheen et al[12] from Canada. In 
contrast, Button et al[3] reported shorter duration for 
weekend admissions and a younger patient age group 
suggesting possibly less severe bleeding, but higher 
case fatality. The reasons for this remain unclear.

There are several potential limitations of our study. 

Firstly, the weekend was defined as midnight on Friday 
to midnight on Sunday. We know that for practical 
purposes this is not an exact reflection of variations 
in staffing levels and resources. However for coding 
reasons, this was the only way to define the weekend 
for the purposes of this study.

It is possible that coding misclassified some 
patients with UGIB. In order to minimise this we 
used a broad combination of ICD 10 codes including 
some very specific, and others more sensitive but less 
specific (see Table 1). Another potential weakness 
could be the accuracy of the coding itself. However, the 
accuracy of ICD coding has improved in Scotland over 
time, with the most recent audit from 2011 showing 
an accuracy of 88%[29]. Therefore error resulting from 
this is likely to be small.

Thirdly, we were unable to assess the timing of 
endoscopy and use of drug therapy which may have 
affected case fatality and duration of hospital admission. 
Although most international guidelines recommend 
endoscopy within 24 h of admission with UGIB[30,31], 
as stated above, during the 2007 audit many United 
Kingdom hospitals had no formal out-of-hours 
endoscopy rota and many patients did not undergo 
endoscopy within 24 h, particularly at weekends[23]. 

In conclusion, this is the first study from Scotland 
demonstrating “weekend effect” for UGIB. Although 
there has been a gradual reduction in mortality for 
patients admitted with UGIB in Scotland over the 
decade 2000-2010, those admitted at the weekend 
have consistently higher mortality and a greater length 
of stay compared with those admitted on weekdays. 
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UGIB has been associated with a high mortality which remains significant 
but has improved over the years. Recent studies have shown increased 
mortality for patients presenting to hospitals at weekends for a number of 
medical emergencies. However, there is inconsistent data on whether UGIB 
demonstrates a “weekend effect” with worse outcome for patients admitted 
at weekend with UGIB. In this study the authors aimed to assess the effect of 
weekend admission on outcome of patients attending hospital with UGIB.

Research frontiers
There is a growing interest in hospital resource availability and staffing level 
at weekends and its impact on patient outcome. This has been examined for 
several medical emergencies which can inform resource planning for hospitals 
at weekends.

Innovations and breakthroughs
This is the first report from Scotland confirming a reduction in 30 d mortality 
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from UGIB over the ten year period. These findings are consistent with other 
reports from the United Kingdom and Europe. However, the present study 
also found higher mortality and longer length of stay for admissions over the 
weekend in comparison with weekday admissions. 

Applications
The authors suggest further studies to identify and understand deficiencies 
in available staffing and resources at the weekend followed by introduction of 
measures to improve provision of care at the weekends including availability of 
formal out of hours endoscopy.

Terminology 
“Weekend effect” describes worse outcome of patients admitted over the 
weekend when compared to those admitted over the weekend. This effect 
reflects staffing and resource issues at the weekend, which requires better 
understanding of these issues, thereby allowing implementation of changes. 

Peer-review
This is an interesting study evaluating the upper gastrointestinal bleeding within 
ten years in Scotland. Interesting data and concerning about the weekend 
effect. Given the advent of 7 d working in the National Health Services, hopefully 
this is re-examined for 2005-2015 for example, this effect might be lessened. 
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Abstract
AIM: To investigate the prognostic value of pre-
operative lymphocyte-to-monocyte ratio (LMR) 
in patients with hepatocellular carcinoma (HCC) 
undergoing curative hepatectomy.

METHODS: Clinicopathological data of 210 hepatitis 
B virus (HBV)-associated HCC patients who were 
treated by radical hepatic resection between 2003 
and 2010 were retrospectively analyzed. None of the 
patients received any preoperative anticancer therapy 
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Retrospective Study

Lymphocyte-to-monocyte ratio predicts survival of patients 
with hepatocellular carcinoma after curative resection
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or intraoperative radiofrequency ablation. The diagnosis 
was confirmed by pathological examination after 
surgery. Absolute peripheral blood lymphocyte and 
monocyte counts were derived from serum complete 
blood cell count before surgery, and LMR was calculated 
by dividing lymphocyte count by monocyte count. 
The best cutoff was determined by receiver operating 
characteristics (ROC) curve analysis. Correlations 
between LMR levels and clinicopathological features 
were assessed using the χ 2 test. Survival outcomes 
were estimated using the Kaplan-Meier method 
and compared by the log-rank test. Univariate and 
multivariate analyses were performed to evaluate the 
prognostic impact of LMR and other clinicopathological 
factors on overall survival (OS) and recurrence-free 
survival (RFS), using the Cox proportional hazards 
model.

RESULTS: The optimal cutoff value of LMR for 
survival analysis was 3.23, which resulted in the most 
appropriate sensitivity of 55.3% and specificity of 
74.7%, with the area under the curve (AUC) of 0.66 
(95%CI: 0.593-0.725). All patients were dichotomized 
into either a low (≤ 3.23) LMR group (n  = 66) or a 
high (> 3.23) LMR group (n  = 144). A low preoperative 
LMR level was significantly correlated with the presence 
of cirrhosis, elevated levels of total bilirubin and 
larger tumor size. Patients with a low LMR level had 
significantly reduced 5-year OS (61.9% vs  83.2%, P  < 
0.001) and RFS (27.8% vs  47.6%, P  = 0.009) compared 
to those with a high LMR level. Multivariate analyses 
indicated that a lower LMR level was a significantly 
independent predictor of inferior OS (P  = 0.003) and 
RFS (P  = 0.006). Subgroup analysis indicated that 
survival outcome was significantly more favorable in 
cirrhotic patients with LMR > 3.23. However, there 
were no differences between low and high LMR groups 
for OS and RFS in non-cirrhotic patients.

CONCLUSION: Preoperative LMR was demonstrated 
for the first time to serve as an independent prognostic 
factor in HBV-associated HCC patients after curative 
resection. Prospective studies with larger cohorts for 
validation are warranted.

Key words: Hepatocellular carcinoma; Liver resection; 
Lymphocyte-to-monocyte ratio; Prognosis; Prognostic 
factor

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Inflammatory microenvironment plays an 
important role in the progression of hepatocellular 
carcinoma (HCC). Peripheral blood lymphocyte-to-
monocyte ratio (LMR), a novel inflammatory biomarker 
that combines estimates of host immune homeostasis 
and tumor microenvironment, has been found to 
serve as a predictor of clinical outcomes in various 
malignancies. Prior to this study, there have been 
no reports regarding the prognostic value of LMR in 

HCC patients. For the first time in literature, our study 
identified the optimal cutoff value of LMR for survival 
analysis and concluded that preoperative LMR could 
serve as an independent prognostic factor in hepatitis B 
virus-associated HCC patients after curative resection.

Lin ZX, Ruan DY, Li Y, Wu DH, Ma XK, Chen J, Chen ZH, 
Li X, Wang TT, Lin Q, Wen JY, Wu XY. Lymphocyte-to-
monocyte ratio predicts survival of patients with hepatocellular 
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com/1007-9327/full/v21/i38/10898.htm  DOI: http://dx.doi.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the leading 
types of malignant tumors worldwide, which primarily 
develops in the setting of chronic liver inflammation[1]. 
In China, nearly 90% of HCC patients have underlying 
hepatitis B virus (HBV) infection. Hepatic resection has 
been established as a curative treatment for patients 
who have localized lesions arising in non-cirrhotic 
livers, or in cirrhotic livers with well-preserved hepatic 
function[2]. However, the long-term survival after 
resection remains dismal due to a high frequency of 
tumor recurrence[3-5]. Clinicopathological factors, such 
as microvascular invasion, multifocal disease, tumor 
size and degree of histologic differentiation, have been 
used to predict survival in patients with HCC after 
curative resection[3-6]. However, these clinical tumor 
parameters can only partially explain the prognostic 
heterogeneity of HCC.

Cumulative evidence has demonstrated that 
crosstalk between tumor cells and their surrounding 
inflammatory microenvironment plays a critical role in 
the initiation and progression of HCC. Inflammatory 
infiltrates in the tumor microenvironment can largely 
influence the biological behavior of HCC[7-12]. Tumor-
associated macrophages (TAMs), which comprise 
a major proportion of leukocytes that infiltrate 
into the stroma, have been found to promote HCC 
proliferation, angiogenesis and metastasis[7,11-14]. 
Immunohistochemical studies have validated the 
association between high TAM density and unfavorable 
prognosis in HCC patients after curative resection[15,16]. 
Peripheral blood monocytes, which are precursors of 
TAMs[7], have also been reported to be a prognostic 
factor for HCC[17,18]. Tumor-infiltrating lymphocytes 
(TILs) are another representative component of the 
immune microenvironment. Specific TIL subtypes 
are involved in the clinical course of HCC, and TIL 
phenotypes are informative regarding prognosis[8-10,13].

Recently, the peripheral blood lymphocyte-to-
monocyte ratio (LMR), as a simple surrogate biomarker 
of TILs and TAMs, has been reported to be a predictor 
of clinical outcomes in various malignancies[19-25]. LMR 



also acts as a representative biomarker by combining 
estimates of host immune homeostasis (i.e., absolute 
lymphocyte count) and tumor microenvironment (i.e., 
absolute monocyte count)[19,20]. To date, there have 
been no reports regarding the prognostic value of LMR 
in HCC patients. We therefore conducted this study to 
investigate the impact of preoperative peripheral blood 
LMR on long-term outcomes after curative hepatic 
resection for HCC.

MATERIALS AND METHODS
Patient enrollment and clinicopathological variables 
From January 2003 to December 2010, 210 patients 
with HBV-associated HCC who underwent curative 
hepatectomy at the Third Affiliated Hospital of Sun Yat-
sen University were eligible for this retrospective study. 
All the patients had chronic HBV infection and were 
negative for hepatitis C virus antibody. Preoperative 
diagnosis of HCC was based on typical dynamic images 
evaluated by contrast-enhanced computed tomography 
(CT) or magnetic resonance imaging (MRI) according 
to the Asian Pacific Association for the Study of the 
Liver (APASL) guideline[26]. Pathological examination 
confirmed the diagnosis after surgical resection. 
Curative resection was defined as the complete 
resection of all tumor nodules with clear microscopic 
margins and no residual tumors as indicated by CT 
scan at one month after surgery. Neither preoperative 
anticancer therapy nor intraoperative radiofrequency 
ablation was performed on the patients. Antiviral 
therapy with oral nucleos(t)ide analogues was 
recommended for all the patients after liver resection.

For each patient in the group, demographic 
information, complete blood cell count, liver function 
parameters, serum alpha-fetoprotein (AFP) level, 
Barcelona Clinic Liver Cancer (BCLC) stage, and other 
tumor-related parameters were recorded. Tumor-
related variables, such as maximal tumor diameter, 
number of tumor nodules, portal vein thrombus 
and histological differentiation, were obtained from 
pathology reports. The absolute peripheral blood 
lymphocyte and monocyte counts were derived from 
the complete blood cell count before surgery, with 
LMR calculated by dividing lymphocyte count by 
monocyte count. None of the patients exhibited clinical 
manifestations of acute inflammation before treatment 
or of coexistent hematologic disorders. The study 
protocol was approved by the Clinical Ethics Review 
Board of the Third Affiliated Hospital of Sun Yat-sen 
University. Informed consent was obtained according 
to the Declaration of Helsinki. 

Follow-up 
All patients were regularly followed for recurrence at 
outpatient clinics. None of the patients died within 
30 d after surgery. Serum AFP test and abdominal 
CT scan were performed every 3 mo during the first 

two postoperative years and every 6 mo thereafter. If 
clinical recurrence was suspected, CT was performed 
immediately. Additional diagnostic investigation such 
as MRI or hepatic arterial angiography was performed 
in patients with suspicious lesions demonstrated by CT 
image. Patients with confirmed recurrence received 
further treatment, such as second hepatectomy, 
chemoembolization, radiofrequency ablation or 
percutaneous ethanol injection. Treatment modality 
after relapse varied among individuals.

Statistical analysis
Receiver operating curve (ROC) analysis was 
performed to determine the optimal cutoff values 
for preoperative absolute lymphocyte count (ALC), 
absolute monocyte count (AMC) and LMR as 
prognostic factors. The score closest to the point with 
both maximum sensitivity and specificity was chosen 
as the best cutoff value. Correlations between LMR 
levels and clinicopathological features were assessed 
using the χ 2 test. Survival outcomes were estimated 
using the Kaplan-Meier method and compared by the 
log-rank test. The primary endpoint of the present 
study was overall survival (OS), which was calculated 
from the time of surgery to the date of death from 
any cause, or to the date of the last follow-up. The 
secondary endpoint was recurrence-free survival (RFS), 
which was defined as the duration from the date of 
surgery to the date of HCC recurrence, or to the date 
of the last follow-up. The prognostic values of ALC, 
AMC, LMR and other clinicopathological factors were 
analyzed using the Cox proportional hazards model. 
Significant variables identified in univariate analysis 
were included in the multivariate model. A P-value 
< 0.05 was regarded as statistically significant. All 
statistical analyses were performed using SPSS 
software (version 17.0, SPSS Inc, Chicago, IL, United 
States) and MedCalc statistical software (version 
11.4.2.0, Broekstraat 52 Mariakerke, Belgium).

RESULTS
Patients’ characteristics and outcomes
All the patients had chronic HBV infection and 161 
(76.7%) patients had a histological diagnosis of 
cirrhosis. The median duration of follow-up was 34.8 
mo (range: 1.7-106.6 mo). By the last follow-up, 
110 (52.4%) patients developed tumor recurrence, 
47 (22.9%) died from causes secondary to HCC 
progression, and one died from cerebrovascular 
disease. The 1-, 3-, and 5-year OS rates for all the 
patients in this study were 95.7%, 80.9% and 75.6%, 
respectively, and the 1-, 3-, and 5-year RFS rates were 
69.9%, 51.7% and 42.3%, respectively.

The optimal cutoff values of LMR, ALC and AMC for 
survival analyses
The best cutoff points of LMR, ALC and AMC for 
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95%CI: 0.274-0.953) and a P-value of 0.026 for AMC 
(HR = 2.644, 95%CI: 1.123-6.223). The association 
between LMR and OS was also proven to be 
statistically significant, with a P-value < 0.001 (HR = 
0.352, 95%CI: 0.199-0.623), indicating that LMR might 
provide the strongest prognostic information among 
these three biomarkers (Table 2). With respect to RFS, 
significant differences were also observed between 
low and high LMR groups (P = 0.009, HR = 0.601, 
95%CI: 0.410-0.883) (Table 3). Other significant 
predictors of poorer OS and RFS included a low level 

survival outcomes were determined by ROC curve 
analyses, which indicated that the optimal LMR cutoff 
value for both OS and RFS was 3.23. The LMR cutoff 
point of 3.23 for OS was selected as the uniform 
point in survival analyses (Figure 1). The area under 
the curve (AUC) was recorded as 0.66 (95%CI: 
0.593-0.725). Using the LMR value of 3.23 resulted 
in the most appropriate measures of sensitivity and 
specificity, which were 55.3% and 74.7%, respectively. 
Similarly, the most discriminative cutoff values of ALC 
and AMC were determined to be 1.66 × 109/L (AUC: 
0.58, 95%CI: 0.511-0.648) and 0.29 × 109/L (AUC: 
0.61, 95%CI: 0.542-0.678), respectively.

Correlations between preoperative LMR and 
clinicopathological factors
Based on the cutoff value, all patients were 
dichotomized into either a low value group or a high 
value group. The relationship between preoperative 
peripheral LMR levels and clinicopathological 
characteristics was summarized in Table 1. Sixty-six 
patients had an LMR ≤ 3.23 and one hundred and 
forty-four patients had an LMR > 3.23. A low LMR 
level was significantly correlated with ALC ≤ 1.66 (P 
< 0.001) and AMC > 0.29 (P < 0.001). Patients with 
LMR ≤ 3.23 were also prone to have liver cirrhosis (P 
= 0.003), elevated levels of total bilirubin (P = 0.002) 
and larger tumor size (P = 0.030). 

Univariate and multivariate analyses
To identify the optimal peripheral blood immunological 
biomarker for patient prognosis, the impact of ALC, 
AMC and LMR on survival outcomes was investigated. 
In univariate analysis for primary endpoint of OS, 
ALC and AMC were shown to be significant prognostic 
factors, with a P-value of 0.035 for ALC (HR = 0.511, 
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Figure 1  Receiver operating characteristics curve assessing the cutoff 
value of lymphocyte-to-monocyte ratio for survival analyses in patients 
with hepatitis B virus-associated hepatocellular carcinoma treated by 
curative hepatectomy.

Table 1  Relationship between lymphocyte-to-monocyte ratio 
and clinicopathological characteristics

Variable No. of 
patients

LMR P value

≤ 3.23 
(n  = 66)

> 3.23 
(n  = 144)

Age (yr)
   < 60 165 52 113    0.959
   ≥ 60   45 14   31
Gender
   Female   25   6   19    0.394
   Male 185 60 125
Liver cirrhosis
   Absent   49   7   42    0.003
   Present 161 59 102
ALT (U/L) 
   ≤ 75 172 51 121    0.238
   > 75   38 15   23
Total bilirubin (μmol/L)
   ≤ 34 197 57 140    0.002
   > 34   13   9     4
Albumin (g/L)
   < 35   15   7     8    0.303
   ≥ 35 195 59 136
ALP (U/L)
   ≤ 100 171 51 120    0.294
   > 100   39 15   24
AFP (ng/dL)
   ≤ 400 124 38   86    0.769
   > 400   86 28   58
Tumor size (cm)
   ≤ 5 157 43 114    0.030
   > 5   53 23   30
Tumor number
   Single 184 59 125    0.597
   Multiple   26   7   19
Portal vein thrombus
   Absent 196 61 135    0.952
   Present   14   5     9
Microvascular invasion
   Absent 170 55 115    0.552
   Present   40 11   29
Histological differentiation
   Poor   22   8   14    0.598
   Well and Moderate 188 58 130
ALC (× 109/L)
   ≤ 1.66 117 50   67 < 0.001
   > 1.66   93 16   77
AMC (× 109/L)
   ≤ 0.29   57   3   54 < 0.001
   > 0.29 153 63   90

AFP: Alpha-fetoprotein; ALT: Alanine aminotransferase; ALC: Absolute 
lymphocyte count; ALP: Alkaline phosphatase; AMC: Absolute monocyte 
count; LMR: Lymphocyte-to-monocyte ratio.
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of serum albumin, large tumor size, the presence of 
portal vein thrombus, poor histological differentiation, 
and an advanced BCLC stage. Moreover, liver cirrhosis, 
an elevated level of serum alkaline phosphatase (ALP) 
and microvascular invasion were all associated with 
a shorter OS, whereas an elevated serum alanine 
aminotransferase (ALT) level was correlated with 
inferior RFS.

Variables showing statistical significance by 
univariate analysis were included in the multivariate 
Cox proportional hazard analysis (Tables 2 and 3). As 
tumor size, portal vein thrombus and serum albumin 
level were all associated with BCLC stage, we did not 
enter these variables into further multivariate models 
so as to avoid potential bias. The results revealed that 

a high preoperative LMR level was an independent 
predictor of favorable prognostic measures, including 
OS (HR = 0.398; 95%CI: 0.219-0.725, P = 0.003) 
and RFS (HR = 0.584; 95%CI: 0.398-0.859; P = 
0.006). Among the remaining factors studied, poor 
histological differentiation and an advanced BCLC stage 
were identified as independent indicators for inferior 
RFS and OS. In addition, cirrhotic liver parenchyma, an 
elevated serum ALP level and microvascular invasion 
were independent factors for OS.

Comparisons of OS and RFS rates according to LMR 
level
Kaplan-Meier curve analysis revealed that a low LMR 
level was significantly associated with decreased 
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Table 2  Cox proportional hazards model of prognostic factors for overall survival in 210 patients with hepatocellular carcinoma 
after curative hepatectomy

Variable Univariate analysis Multivariate analysis

HR (95%CI) P  value HR (95%CI) P  value

Age (yr), ≥ 60 vs < 60 0.766 (0.410-1.433)    0.404
Gender, male vs female 0.829 (0.296-2.321)    0.721
Liver cirrhosis, yes vs no   7.641 (1.853-31.509)    0.005  7.084 (1.694-29.614) 0.007
ALT (U/L), > 75 vs ≤ 75 1.513 (0.771-2.970)    0.229
Total bilirubin (μmol/L), > 34 vs ≤ 34 2.085 (0.822-5.288)    0.122
Albumin (g/L), ≥ 35 vs < 35 0.242 (0.112-0.522) < 0.001
ALP (U/L), > 100 vs ≤ 100 2.116 (1.148-3.899)    0.016 2.137 (1.153-3.964) 0.016
AFP (ng/dL), > 400 vs ≤ 400 0.956 (0.535-1.705)    0.878
Tumor size (cm), > 5 vs ≤ 5 2.154 (1.204-3.853)    0.010
Tumor number, multiple vs single 1.048 (0.444-2.477)    0.915
Portal vein thrombus: yes vs no 3.348 (1.492-7.512)    0.003
Microvascular invasion: yes vs no 2.121 (1.151-3.911)    0.016  2.307 (1.217- 4.370) 0.010
Histological differentiation, poor vs well and moderate 2.888 (1.467-5.684)    0.002 2.375 (1.195-4.721) 0.014
BCLC stage, B + C vs 0 + A 2.110 (1.197-3.720)    0.010 2.155 (1.213-3.831) 0.009
Preoperative LMR, > 3.23 vs ≤ 3.23 0.352 (0.199-0.623) < 0.001 0.398 (0.219-0.725) 0.003

AFP: Alpha-fetoprotein; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; BCLC: Barcelona Clinic Liver Cancer; LMR: Lymphocyte-to-monocyte 
ratio.

Table 3  Cox proportional hazards model of prognostic factors for recurrence-free survival in 210 patients with hepatocellular 
carcinoma after curative hepatectomy

Variable Univariate analysis Multivariate analysis

HR (95%CI) P  value HR (95%CI) P  value

Age(yr), ≥ 60 vs < 60 1.319 (0.859-2.027)    0.206
Gender, male vs female 0.855 (0.458-1.594)    0.621
Liver cirrhosis: yes vs no 1.316 (0.831-2.086)    0.242
ALT (U/L), > 75 vs ≤ 75 1.709 (1.096-2.665)    0.018 1.510 (0.960-2.375)    0.074
Total bilirubin (μmol/L), > 34 vs ≤ 34 1.471 (0.715-3.023)    0.294
Albumin (g/L), ≥ 35 vs < 35 0.279 (0.160-0.485) < 0.001
ALP (U/L), > 100 vs ≤ 100 1.506 (0.964-2.354)    0.072
AFP (ng/dL), > 400 vs ≤ 400 0.934 (0.636-1.373)    0.730
Tumor size (cm), > 5 vs ≤ 5 2.020 (1.354-3.012)    0.001
Tumor number, multiple vs single 1.599 (0.953-2.684)    0.075
Portal vein thrombus, yes vs no 2.282 (1.150-4.529)    0.018
Microvascular invasion, yes vs no 1.185 (0.742-1.892)    0.478
Histological differentiation, poor vs well and moderate 2.628 (1.561-4.425) < 0.001 2.610 (1.542-4.416) < 0.001
BCLC stage, B + C vs 0 + A 1.724 (1.180-2.520)    0.005 1.645 (1.124-2.409)    0.010
Preoperative LMR, > 3.23 vs ≤ 3.23 0.601 (0.410-0.883)    0.009 0.584 (0.398-0.859)    0.006

AFP: Alpha-fetoprotein; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; BCLC: Barcelona Clinic Liver Cancer; LMR: Lymphocyte-to-monocyte 
ratio.
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OS and DFS. The 5-year OS and RFS rates were 
61.9% and 27.8%, respectively, for patients with a 
preoperative LMR ≤ 3.23 and were statistically lower 
than those for patients with a LMR > 3.23 (83.2% 
and 47.6%, respectively; P < 0.001 and P = 0.009, 
respectively; Figure 2). Subgroup analysis was 
performed according to underlying cirrhosis status 
(cirrhosis, n = 161; non-cirrhosis, n = 49). In cirrhotic 
patients with HCC, a low preoperative LMR level was 
associated with inferior OS and RFS (P = 0.003 and P 
= 0.022, respectively; Figure 3). However, there were 
no differences between low and high LMR levels for OS 
and RFS in non-cirrhotic patients (P = 0.443 and P = 
0.492, respectively).

DISCUSSION
Accumulating studies have suggested that the 

infiltrating inflammatory microenvironment may 
represent an important determinant for the clinical 
outcome of HCC[7-12]. The imbalance of inflammatory 
immune cells, such as TAMs and TILs, in the tumor 
microenvironment, has been proven to be an impor-
tant regulator of progression in HCC[11-16]. Systemic 
inflammatory response can be routinely determined by 
traditional hematological markers, such as C-reactive 
protein and neutrophil-to-lymphocyte ratio, which 
are considered to be valuable prognostic factors in 
patients with HCC[27-30]. Peripheral blood LMR, as a 
novel inflammatory biomarker, has been recently 
investigated and confirmed to be a predictor of clinical 
outcomes in lymphoma[19,20], colon cancer[21], non-
small cell lung cancer[23], nasopharyngeal carcinoma[22], 
breast cancer[24] and gastric cancer[25].

To the best of our knowledge, this is the first study 
to investigate the preoperative LMR as a prognostic 
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Figure 2  Kaplan-Meier survival analysis of preoperative lymphocyte-to-monocyte ratio in patients with hepatocellular carcinoma undergoing curative 
resection. A: Overall survival according to lymphocyte-to-monocyte ratio (LMR); B: Recurrence-free survival according to LMR.
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Figure 3  Kaplan-Meier survival analysis of preoperative lymphocyte-to-monocyte ratio in cirrhotic patients with hepatocellular carcinoma undergoing 
curative resection. A: Overall survival according to lymphocyte-to-monocyte ratio (LMR); B: Recurrence-free survival according to LMR.
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marker in HCC patients initially treated by curative 
hepatectomy. Only HBV-related HCC was included 
to avoid potential confounding factors from different 
etiologies. An objective and reliable cutoff point for 
LMR was generated by employing ROC curve analysis. 
Univariate analysis revealed that patients with an LMR 
> 3.23 had significantly better OS and RFS than those 
with an LMR ≤ 3.23. On multivariate analysis, LMR 
remained an independent prognostic marker for OS 
and RFS throughout the cohort. These results were 
consistent with previous findings on other types of 
tumors, in which a low pretreatment level of LMR was 
reported as an independent unfavorable prognostic 
factor[19-25]. However, the cutoff values were cancer-
specific in the above studies, possibly reflecting the 
biologic differences among these studied malignancies.

The association between decreased LMR and 
poor oncologic outcome is complex and remains to 
be elucidated. There are several possible reasons 
accounting for this positive correlation. First, lympho-
cytes are the basic components of host antitumor 
immunity, which are important in the destruction of 
residual cancer cells and related micrometastases[20-22]. 
They infiltrate into tumor microenvironment and 
manifest as TILs, both the quantity and the phenotype 
of which may influence the effectiveness of antitumor 
immune reaction[8-10]. Unitt et al[8] found that reduced 
lymphocyte infiltration and a low CD4+/CD8+ T cell 
ratio were both significant independent predictors of 
HCC recurrence following liver transplantation. Two 
additional studies demonstrated that low intratumoral 
cytotoxic CD8+ T and high intratumoral regulatory T 
cells were associated with a poorer prognosis in HCC 
patients after resection[9,10]. In general, peripheral 
blood lymphocyte count serves as a simple surrogate 
marker of the host immune status. In our study, an 
association between a low level of ALC and adverse OS 
was identified by univariate analysis. We also revealed 
that patients with a decreased LMR had relative 
lymphocytopenia, which might be responsible for an 
incompetent immune response against tumor[20-22].

Second, myeloid-lineage cells, including monocytes 
and their progeny, are known to have immune 
suppressive activity[31]. They can also promote tumor 
angiogenesis, tumor-cell invasion and metastasis[21,31]. 
Circulating monocytes are recruited to the tumor 
stroma and differentiate into TAMs. As a major 
component of tumor microenvironment in HCC, 
TAMs can interact with cancer cells to enhance tumor 
progression by producing various cytokines and 
chemokines[11-15]. Poor clinical outcomes associated 
with high infiltrations of TAMs have been indicated 
by Zhu et al[15] and Kong et al[16]. Peripheral blood 
monocytes may reflect the formation or existence 
of TAMs[23]. The pro-tumorigenic effect of monocytes 
on HCC has been associated with poor prognosis, as 
demonstrated by Sasaki et al[17] and Shen et al[18] 
and validated in the current study, which showed that 
monocytosis was associated with poor OS in patients 

with HCC after resection.
These data indicate that LMR might act as the 

surrogate marker which reflects the interaction 
between host immunity (i.e., ALC) and tumor micro-
environment (i.e., AMC). The presence of preoperative 
lymphopenia and monocytosis both served as 
predictors of inferior OS in our study. However, as 
the combination of ALC and AMC, LMR provided a 
better prognostic value. A decreased LMR reflects an 
inflammatory status that favors tumor progression and 
impairs host immune surveillance, both of which are 
associated with poor oncologic outcome. Pretreatment 
LMR level was also inversely correlated with the 
presence of liver cirrhosis, and the poor outcome 
predicted by low LMR level was shown only in cirrhotic 
patients, not in non-cirrhotic ones. These results 
indicate that the association between cirrhosis and LMR 
may be an important mechanism for HCC progression.

LMR is a simple and easily assessable clinical 
biomarker for prognostic stratification of HBV-
associated HCC patients after hepatectomy. 
However, findings of the current study should be 
interpreted within its possible limitations. First, 
formal investigations on the specific components of 
tumor microenvironment in this population were not 
performed. Second, due to the retrospective design of 
the study, selection bias was inevitable, which might 
have influenced the survival analysis. Third, as the 
study cohort was comprised of a small single-center 
sample, we were unable to divide the data set into a 
training set and a testing set for statistical validation.

In conclusion, our study is the first to demonstrate 
that preoperative LMR can serve as an independent 
prognostic factor for patients with HBV-associated HCC 
undergoing curative resection. As a simple and cost-
effective biomarker, LMR could be used to identify 
HCC patients with a poorer survival, especially those 
with cirrhotic livers, which may guide postoperative 
treatment. Future biological studies should further 
correlate LMR with the tumor microenvironment. 
Prospective studies with larger cohorts are awaited 
to validate the clinical usage of LMR as a prognostic 
marker for HCC patients.
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to serve as a predictor of clinical outcomes in various types of malignancies. 
However, the prognostic value of LMR in patients with HCC remains unknown.

Research frontiers
The prognostic value of LMR has been widely investigated in hematological 
malignancies such as diffuse large B-cell lymphoma and Hodgkin’s lymphoma. 
However, data regarding the prognostic value of LMR in patients with solid 
tumors are spare. Recent published studies have shown that preoperative 
high level of LMR was a favorable prognostic factor in patients with operable 
lung cancer and colon cancer. Prior to this study, there have been no reports 
regarding the prognostic value of LMR in patients with HCC until now. 

Innovations and breakthroughs
To date, this is the first study to investigate the preoperative LMR as a 
prognostic biomarker in HCC patients after curative resection. To avoid any 
potential confounding factors from different etiologies, the authors included only 
hepatitis B virus-associated HCC patients. They also calculated the optimal 
LMR cutoff for survival prediction. The results identified that a low LMR level 
(≤ 3.23) was a significantly independent predictor of inferior survival in HCC 
patients who were initially treated by curative hepatectomy, suggesting that 
preoperative LMR represents a promising prognostic marker for HCC.

Applications
The study indicated that a low preoperative LMR level was an independent 
unfavorable prognostic factor for HCC patients who underwent curative 
hepatectomy. As a simple and cost-effective biomarker, LMR can be used to 
identify HCC patients with a poorer survival, especially those with cirrhotic 
livers, which may guide postoperative treatment.

Terminology
LMR is calculated by dividing the lymphocyte count by the monocyte count in 
peripheral blood.

Peer-review
This is an interesting study with sound methodology and statistical analyses, 
in which the authors investigated the prognostic value of preoperative LMR in 
HCC patients undergoing curative hepatectomy. The results suggest that a low 
preoperative LMR level was an independent unfavorable prognostic factor. 

REFERENCES
1 Sherman M . Hepatocellular carcinoma: epidemiology, 

surveillance, and diagnosis. Semin Liver Dis 2010; 30: 3-16 [PMID: 
20175029 DOI: 10.1055/s-0030-1247128]

2 Bruix J, Sherman M. Management of hepatocellular carcinoma: an 
update. Hepatology 2011; 53: 1020-1022 [PMID: 21374666 DOI: 
10.1002/hep.24199]

3 Imamura H, Matsuyama Y, Tanaka E, Ohkubo T, Hasegawa K, 
Miyagawa S, Sugawara Y, Minagawa M, Takayama T, Kawasaki 
S, Makuuchi M. Risk factors contributing to early and late 
phase intrahepatic recurrence of hepatocellular carcinoma after 
hepatectomy. J Hepatol 2003; 38: 200-207 [PMID: 12547409 DOI: 
10.1016/S0168-8278(02)00360-4]

4 Gluer AM, Cocco N, Laurence JM, Johnston ES, Hollands MJ, 
Pleass HC, Richardson AJ, Lam VW. Systematic review of actual 
10-year survival following resection for hepatocellular carcinoma. 
HPB (Oxford) 2012; 14: 285-290 [PMID: 22487065 DOI: 10.1111/
j.1477-2574.2012.00446.x]

5 Shah SA, Cleary SP, Wei AC, Yang I, Taylor BR, Hemming AW, 
Langer B, Grant DR, Greig PD, Gallinger S. Recurrence after liver 
resection for hepatocellular carcinoma: risk factors, treatment, and 
outcomes. Surgery 2007; 141: 330-339 [PMID: 17349844 DOI: 
10.1016/j.surg.2006.06.028]

6 Sumie S, Kuromatsu R, Okuda K, Ando E, Takata A, Fukushima 
N, Watanabe Y, Kojiro M, Sata M. Microvascular invasion 
in patients with hepatocellular carcinoma and its predictable 
clinicopathological factors. Ann Surg Oncol 2008; 15: 1375-1382 

[PMID: 18324443 DOI: 10.1245/s10434-008-9846-9]
7 Allavena P, Sica A, Solinas G, Porta C, Mantovani A. The 

inflammatory micro-environment in tumor progression: the role of 
tumor-associated macrophages. Crit Rev Oncol Hematol 2008; 66: 
1-9 [PMID: 17913510 DOI: 10.1016/j.critrevonc.2007.07.004]

8 Unitt E, Marshall A, Gelson W, Rushbrook SM, Davies S, Vowler 
SL, Morris LS, Coleman N, Alexander GJ. Tumour lymphocytic 
infiltrate and recurrence of hepatocellular carcinoma following 
liver transplantation. J Hepatol 2006; 45: 246-253 [PMID: 
16580084 DOI: 10.1016/j.jhep.2005.12.027]

9 Gao Q, Qiu SJ, Fan J, Zhou J, Wang XY, Xiao YS, Xu Y, Li YW, 
Tang ZY. Intratumoral balance of regulatory and cytotoxic T cells 
is associated with prognosis of hepatocellular carcinoma after 
resection. J Clin Oncol 2007; 25: 2586-2593 [PMID: 17577038 
DOI: 10.1200/JCO.2006.09.4565]

10 Chen KJ, Zhou L, Xie HY, Ahmed TE, Feng XW, Zheng SS. 
Intratumoral regulatory T cells alone or in combination with 
cytotoxic T cells predict prognosis of hepatocellular carcinoma 
after resection. Med Oncol 2012; 29: 1817-1826 [PMID: 21678026 
DOI: 10.1007/s12032-011-0006-x]

11 Peng SH, Deng H, Yang JF, Xie PP, Li C, Li H, Feng DY. 
Significance and relationship between infiltrating inflammatory cell 
and tumor angiogenesis in hepatocellular carcinoma tissues. World 
J Gastroenterol 2005; 11: 6521-6524 [PMID: 16425427]

12 Wu K, Kryczek I, Chen L, Zou W, Welling TH. Kupffer cell 
suppression of CD8+ T cells in human hepatocellular carcinoma is 
mediated by B7-H1/programmed death-1 interactions. Cancer Res 
2009; 69: 8067-8075 [PMID: 19826049 DOI: 10.1158/0008-5472.
CAN-09-0901]

13 Zhou J, Ding T, Pan W, Zhu LY, Li L, Zheng L. Increased intratu-
moral regulatory T cells are related to intratumoral macrophages 
and poor prognosis in hepatocellular carcinoma patients. Int J 
Cancer 2009; 125: 1640-1648 [PMID: 19569243 DOI: 10.1002/
ijc.24556]

14 Mano Y, Aishima S, Fujita N, Tanaka Y, Kubo Y, Motomura T, 
Taketomi A, Shirabe K, Maehara Y, Oda Y. Tumor-associated 
macrophage promotes tumor progression via STAT3 signaling in 
hepatocellular carcinoma. Pathobiology 2013; 80: 146-154 [PMID: 
23364389 DOI: 10.1159/000346196]

15 Zhu XD, Zhang JB, Zhuang PY, Zhu HG, Zhang W, Xiong 
YQ, Wu WZ, Wang L, Tang ZY, Sun HC. High expression 
of macrophage colony-stimulating factor in peritumoral liver 
tissue is associated with poor survival after curative resection 
of hepatocellular carcinoma. J Clin Oncol 2008; 26: 2707-2716 
[PMID: 18509183 DOI: 10.1200/JCO.2007.15.6521]

16 Kong LQ, Zhu XD, Xu HX, Zhang JB, Lu L, Wang WQ, Zhang 
QB, Wu WZ, Wang L, Fan J, Tang ZY, Sun HC. The clinical 
significance of the CD163+ and CD68+ macrophages in patients 
with hepatocellular carcinoma. PLoS One 2013; 8: e59771 [PMID: 
23555776 DOI: 10.1371/journal.pone.0059771]

17 Sasaki A, Iwashita Y, Shibata K, Matsumoto T, Ohta M, Kitano S. 
Prognostic value of preoperative peripheral blood monocyte count 
in patients with hepatocellular carcinoma. Surgery 2006; 139: 
755-764 [PMID: 16782430]

18 Shen SL, Fu SJ, Huang XQ, Chen B, Kuang M, Li SQ, Hua 
YP, Liang LJ, Peng BG. Elevated preoperative peripheral blood 
monocyte count predicts poor prognosis for hepatocellular 
carcinoma after curative resection. BMC Cancer 2014; 14: 744 
[PMID: 25280428 DOI: 10.1186/1471-2407-14-744]

19 Porrata LF, Ristow K, Colgan JP, Habermann TM, Witzig TE, 
Inwards DJ, Ansell SM, Micallef IN, Johnston PB, Nowakowski 
GS, Thompson C, Markovic SN. Peripheral blood lymphocyte/
monocyte ratio at diagnosis and survival in classical Hodgkin’s 
lymphoma. Haematologica 2012; 97: 262-269 [PMID: 21993683 
DOI: 10.3324/haematol.2011.050138]

20 Li ZM, Huang JJ, Xia Y, Sun J, Huang Y, Wang Y, Zhu YJ, Li 
YJ, Zhao W, Wei WX, Lin TY, Huang HQ, Jiang WQ. Blood 
lymphocyte-to-monocyte ratio identifies high-risk patients in 
diffuse large B-cell lymphoma treated with R-CHOP. PLoS 
One 2012; 7: e41658 [PMID: 22911837 DOI: 10.1371/journal.

10905 October 14, 2015|Volume 21|Issue 38|WJG|www.wjgnet.com

Lin ZX et al . LMR predicts survival in HCC



pone.0041658]
21 Stotz M, Pichler M, Absenger G, Szkandera J, Arminger F, 

Schaberl-Moser R, Samonigg H, Stojakovic T, Gerger A. The 
preoperative lymphocyte to monocyte ratio predicts clinical 
outcome in patients with stage III colon cancer. Br J Cancer 2014; 
110: 435-440 [PMID: 24357796 DOI: 10.1038/bjc.2013.785]

22 Li J, Jiang R, Liu WS, Liu Q, Xu M, Feng QS, Chen LZ, Bei JX, 
Chen MY, Zeng YX. A large cohort study reveals the association 
of elevated peripheral blood lymphocyte-to-monocyte ratio with 
favorable prognosis in nasopharyngeal carcinoma. PLoS One 2013; 
8: e83069 [PMID: 24386144 DOI: 10.1371/journal.pone.0083069]

23 Hu P, Shen H, Wang G, Zhang P, Liu Q, Du J. Prognostic 
significance of systemic inflammation-based lymphocyte- 
monocyte ratio in patients with lung cancer: based on a large 
cohort study. PLoS One 2014; 9: e108062 [PMID: 25275631 DOI: 
10.1371/journal.pone.0108062]

24 Ni XJ, Zhang XL, Ou-Yang QW, Qian GW, Wang L, Chen S, Jiang 
YZ, Zuo WJ, Wu J, Hu X, Shao ZM. An elevated peripheral blood 
lymphocyte-to-monocyte ratio predicts favorable response and 
prognosis in locally advanced breast cancer following neoadjuvant 
chemotherapy. PLoS One 2014; 9: e111886 [PMID: 25372468 
DOI: 10.1371/journal.pone.0111886]

25 Zhou X, Du Y, Xu J, Huang Z, Qiu T, Wang X, Qian J, Zhu W, Liu 
P. The preoperative lymphocyte to monocyte ratio predicts clinical 
outcomes in patients with stage II/III gastric cancer. Tumour Biol 
2014; 35: 11659-11666 [PMID: 25139101 DOI: 10.1007/s13277-
014-2504-x]

26 Omata M, Lesmana LA, Tateishi R, Chen PJ, Lin SM, Yoshida 
H, Kudo M, Lee JM, Choi BI, Poon RT, Shiina S, Cheng AL, 
Jia JD, Obi S, Han KH, Jafri W, Chow P, Lim SG, Chawla YK, 

Budihusodo U, Gani RA, Lesmana CR, Putranto TA, Liaw YF, 
Sarin SK. Asian Pacific Association for the Study of the Liver 
consensus recommendations on hepatocellular carcinoma. 
Hepatol Int 2010; 4: 439-474 [PMID: 20827404 DOI: 10.1007/
s12072-010-9165-7]

27 Oh BS, Jang JW, Kwon JH, You CR, Chung KW, Kay CS, 
Jung HS, Lee S. Prognostic value of C-reactive protein and 
neutrophil-to-lymphocyte ratio in patients with hepatocellular 
carcinoma. BMC Cancer 2013; 13: 78 [PMID: 23409924 DOI: 
10.1186/1471-2407-13-7]

28 Mano Y, Shirabe K, Yamashita Y, Harimoto N, Tsujita E, Takeishi 
K, Aishima S, Ikegami T, Yoshizumi T, Yamanaka T, Maehara 
Y. Preoperative neutrophil-to-lymphocyte ratio is a predictor 
of survival after hepatectomy for hepatocellular carcinoma: a 
retrospective analysis. Ann Surg 2013; 258: 301-305 [PMID: 
23774313 DOI: 10.1097/SLA.0b013e318297ad6b]

29 Fu SJ, Shen SL, Li SQ, Hua YP, Hu WJ, Liang LJ, Peng BG. 
Prognostic value of preoperative peripheral neutrophil-to-
lymphocyte ratio in patients with HBV-associated hepatocellular 
carcinoma after radical hepatectomy. Med Oncol 2013; 30: 721 
[PMID: 24026659 DOI: 10.1007/s12032-013-0721-6]

30 Templeton AJ, McNamara MG, Šeruga B, Vera-Badillo FE, Aneja 
P, Ocaña A, Leibowitz-Amit R, Sonpavde G, Knox JJ, Tran B, 
Tannock IF, Amir E. Prognostic role of neutrophil-to-lymphocyte 
ratio in solid tumors: a systematic review and meta-analysis. J Natl 
Cancer Inst 2014; 106: dju124 [PMID: 24875653 DOI: 10.1093/
jnci/dju124]

31 Gabrilovich DI, Nagaraj S. Myeloid-derived suppressor cells 
as regulators of the immune system. Nat Rev Immunol 2009; 9: 
162-174 [PMID: 19197294 DOI: 10.1038/nri2506]

P- Reviewer: Montasser Iman F, Peng BG, Sturesson C    
S- Editor: Yu J    L- Editor: Wang TQ    E- Editor: Ma S

10906 October 14, 2015|Volume 21|Issue 38|WJG|www.wjgnet.com

Lin ZX et al . LMR predicts survival in HCC



Sudarshan Paramsothy, Alissa J Walsh, Thomas Borody, Douglas Samuel, Johan van den Bogaerde, 
Rupert WL Leong, Susan Connor, Watson Ng, Hazel M Mitchell, Nadeem O Kaakoush, Michael A Kamm

Sudarshan Paramsothy, Alissa J Walsh, Gastroenterology 
and Hepatology Department, St Vincent’s Hospital, Sydney, 
Darlinghurst NSW 2010, Australia

Thomas Borody, Centre for Digestive Diseases, Sydney, Five 
Dock NSW 2046, Australia

Douglas Samuel, Rupert WL Leong, Gastroenterology and 
Hepatology Department, Bankstown-Lidcombe Hospital, Sydney, 
Bankstown, NSW 2200, Australia

Johan van den Bogaerde, Gastroenterology and Hepatology 
Department, Nambour General Hospital, Nambour,  QLD 4560, 
Australia

Susan Connor, Watson Ng, Gastroenterology and Hepatology 
Department, Liverpool Hospital, Sydney, Liverpool NSW 2170, 
Australia

Hazel M Mitchell, Nadeem O Kaakoush, University of New 
South Wales, School of Biotechnology and Biomolecular 
Sciences, Kensington, NSW 2052, Australia

Michael A Kamm, Departments of Gastroenterology and 
Medicine, St Vincent's Hospital and University of Melbourne, 
Melbourne, Fitzroy VIC 3065, Australia

Author contributions: Paramsothy S, Walsh AJ, Borody T, 
Samuel D, van den Bogaerde J, Leong RWL, Connor S, Ng 
W, Mitchell HM, Kaakoush NO and Kamm MA designed the 
research and devised the research questionnaire; Paramsothy 
S and Walsh AJ participated in the acquisition of the data; 
Paramsothy S, Borody T and Kamm MA analyzed and interpreted 
the data; and Paramsothy S, Walsh AJ, Borody T, Mitchell HM 
and Kamm MA drafted the manuscript.

Supported by The Clinical trial (ClinicalTrials.gov Identifier: 
NCT01896635) this study was performed in conjunction with has 
received funding from the Broad Medical Research Program at 
CCFA and the GESA IBD Clinical Research Grant.

Institutional review board statement: The clinical trial 
(ClinicalTrials.gov Identifier: NCT01896635) this study 

(involving a voluntary anonymous survey of gastroenterology 
colleagues) was performed in conjunction with was reviewed and 
approved by the St Vincent’s Hospital Human Research Ethical 
Committee. 

Informed consent statement: All respondents provided written 
informed consent acknowledged by completion and return of the 
anonymous survey.

Conflict-of-interest statement: Paramsothy S, Walsh AJ, 
Samuel D, van den Bogaerde J, Leong RWL, Connor S, Ng W, 
Mitchell HM, Kaakoush NO and Kamm MA have no financial 
or potential competing interest or affiliation with any institution, 
organization, or company relating to the manuscript. Borody T 
has an interest in the Centre for Digestive Diseases, where faecal 
microbiota transplantation is a treatment option for patients and 
has filed patents in this field.

Data sharing statement: No additional data are available.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Correspondence to: Michael A Kamm, Professor, Departments 
of Gastroenterology and Medicine, St Vincent's Hospital and 
University of Melbourne, Victoria Parade, Melbourne, Fitzroy 
VIC 3065, Australia. mkamm@unimelb.edu.au
Telephone: +61-3-94175064
Fax: +61-3-94162485

Received: March 30, 2015 
Peer-review started: March 31, 2015
First decision: June 19, 2015
Revised: July 6, 2015 
Accepted: August 31, 2015 
Article in press: August 31, 2015

ORIGINAL ARTICLE

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i38.10907

World J Gastroenterol  2015 October 14; 21(38): 10907-10914
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2015 Baishideng Publishing Group Inc. All rights reserved.

10907 October 14, 2015|Volume 21|Issue 38|WJG|www.wjgnet.com

Observational Study

Gastroenterologist perceptions of faecal microbiota 
transplantation



Paramsothy S et al . Gastroenterologist perceptions of FMT

10908 October 14, 2015|Volume 21|Issue 38|WJG|www.wjgnet.com

Published online: October 14, 2015

Abstract
AIM: To explore gastroenterologist perceptions towards 
and experience with faecal microbiota transplantation 
(FMT).

METHODS: A questionnaire survey consisting of 17 
questions was created to assess gastroenterologists’ 
attitude towards and experience with FMT. This was 
anonymously distributed in hard copy format amongst 
attendees at gastroenterology meetings in Australia 
between October 2013 and April 2014. Basic descriptive 
statistical analyses were performed.

RESULTS: Fifty-two clinicians participated. Twenty 
one percent had previously referred patients for FMT, 
8% more than once. Ninety percent would refer 
patients with Clostridium difficile  infection (CDI) for 
FMT if easily available, 37% for ulcerative colitis, 
13% for Crohn’s disease and 6% for irritable bowel 
syndrome. Six percent would not refer any indication, 
including recurrent CDI. Eighty-six percent would enroll 
patients in FMT clinical trials. Thirty-seven percent 
considered the optimal mode of FMT administration 
transcolonoscopic, 17% nasoduodenal, 13% enema 
and 8% oral capsule. The greatest concerns regarding 
FMT were: 42% lack of evidence, 12% infection risk, 
10% non infectious adverse effects/lack of safety 
data, 10% aesthetic, 10% lack of efficacy, 4% disease 
exacerbation, and 2% inappropriate use; 6% had no 
concerns. Seventy seven percent believed there is 
a lack of accessibility while 52% had an interest in 
learning how to provide FMT. Only 6% offered FMT at 
their institution.

CONCLUSION: Despite general enthusiasm, most 
gastroenterologists have limited experience with, or 
access to, FMT. The greatest concerns were lack of 
supportive evidence and safety issues. However a 
significant proportion would refer indications other than 
CDI for FMT despite insufficient evidence. These data 
provide guidance on where education and training are 
required. 

Key words: Perceptions; Gastroenterologist; Clostridium 
difficile ; Inflammatory bowel disease; Faecal microbiota 
transplantation

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: This is the first study assessing the expe-
riences, attitudes and practice of gastroenterologists 
towards faecal microbiota transplantation (FMT) across 
a range of indications other than just Clostridium 
difficile  infection. Despite general enthusiasm, most 
gastroenterologists have limited experience with, 

or access to, FMT. Views differ widely regarding the 
potential therapeutic role of FMT in various gastroin-
testinal diseases. Major concerns include lack of 
evidence and safety data, infection risk, aesthetic factors 
and possible lack of efficacy. There is limited familiarity 
with the current evidence base and appropriate 
indications for FMT highlighting the need for education 
on where FMT fits in to current clinical practice.

Paramsothy S, Walsh AJ, Borody T, Samuel D, van den 
Bogaerde J, Leong RWL, Connor S, Ng W, Mitchell HM, 
Kaakoush NO, Kamm MA. Gastroenterologist perceptions of 
faecal microbiota transplantation. World J Gastroenterol 2015; 
21(38): 10907-10914  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i38/10907.htm  DOI: http://dx.doi.
org/10.3748/wjg.v21.i38.10907

INTRODUCTION
The last few years has seen a surge in interest in 
faecal microbiota transplantation (FMT)[1]. While not 
a new treatment, until recently it was regarded as an 
“alternative” therapy with little scientific basis, outside 
the realm of mainstream medical practice and offered 
by only a handful of centres worldwide. The dramatic 
change is largely attributable to the remarkable 
efficacy of FMT in recurrent Clostridium difficile 
infection (rCDI) at a time of a global CDI epidemic[2,3]. 
The cure rate of approximately 90% for FMT in rCDI[4-6] 
is much superior to the 20%-30% success rates 
associated with prolonged anti-microbial therapy.

The rapid advancements in gastrointestinal 
microbiota research including the work of large national 
and multinational collaborative projects such as the 
Human Microbiome Project[7,8] have further fueled 
interest in the role of the gastrointestinal microbiota 
in health and disease, and the therapeutic potential 
of FMT. Such research has linked gastrointestinal 
dysbiosis to enteric[9] conditions as varied as 
inflammatory bowel disease (IBD)[10,11], irritable bowel 
syndrome (IBS), and colorectal cancer[12], and to 
systemic conditions including obesity and metabolic 
syndrome[13,14], cardiovascular disease[15], and liver 
disease[16]. Clinical trials are currently underway in 
several of these conditions.

The role of the gastrointestinal microbiota in health 
and disease and the “promise” of FMT has captured 
the attention of patients, the general community and 
mainstream media. Patients are attracted to FMT as 
they perceive it as a “natural” and “holistic” therapy 
which seems safer than long term medications and 
their associated side effects[17]. This is despite a 
lack of long term safety data and initial reports of 
potential far reaching complications[18]. Studies have 
demonstrated that the aesthetics of using faecal 
material is not as significant a deterrent for patients as 
previously expected[19,20]. There appears to be patient 



enthusiasm to make this therapy available for a range 
of conditions, despite the paucity of evidence outside 
the setting of CDI. This is reflected in the number of 
patient FMT self-help and do it yourself websites and 
forums. 

The view of gastroenterologists towards FMT is 
less clear. While there is increasing research in the 
field of FMT, this appears to be tempered by concerns 
about lack of efficacy and safety data, and ongoing 
skepticism regarding the mechanism of action of FMT 
therapy[20]. There are only a few reports assessing the 
sentiments of gastroenterologists and other physicians 
with regards to FMT in CDI[21,22]. To our knowledge, 
the perceptions of gastroenterologists towards FMT 
for indications other than CDI has not been assessed. 
This survey of Australian gastroenterologists aimed 
to determine the wider gastroenterology community 
attitudes towards, and experience with, FMT. 

MATERIALS AND METHODS
A questionnaire survey was created to assess 
gastroenterologists’ attitude towards and experience 
with FMT (Table 1). It consisted of 17 questions. This 
was anonymously distributed in hard copy format 
amongst attendees at gastroenterology meetings in 
Australia between October 2013 and April 2014. Basic 
descriptive statistical analyses were performed using 
SPSS Statistics Version 22.0.

RESULTS
Respondents
52 clinicians participated in the survey. Subspecialty 
breakdown of respondents is shown in Figure 1. 
The general physicians included in the data set are 
those with dual training or a specialty interest in 
gastroenterology. With regards to nature of practice, 14 
(27%) were public hospital staff specialists, 13 (25%) 
visiting medical officers, 11 (21%) solely in private 
practice, 10 (19%) trainee gastroenterologists in the 
public hospital system, 3 (6%) public hospital staff 
specialists with associated private practice, and 1 (2%) 

a predominantly research-based gastroenterologist. 

Experience with FMT
Twenty-seven respondents (52%) had never been 
consulted by a patient who had received FMT before. 
Eleven (21%) reported having referred a patient for 
FMT: 7 respondents (13%) had referred a patient 
for FMT once, 1 respondent (2%) three times, 1 
respondent (2%) four times, 1 respondent (2%) 
six times and 1 respondent (2%) over one hundred 
times. Three respondents (6%) were offering FMT as a 
therapeutic option at their practice or institution. 

Current stance on FMT indications
The current stance of respondents towards various 
FMT indications is shown in Figure 2. Forty-seven 
respondents (90%) would refer patients with CDI 
for FMT if it were easily available. Regarding other 
indications, 19 (37%) would refer patients with 
ulcerative colitis, 7 (13%) for Crohn’s disease and 3 
(6%) for IBS. Three (6%) would not consider referring 
for FMT for any indication. No respondent reported 
that they would advise against FMT if approached by 
a patient interested in undergoing such treatment; 3 
(6%) reported they were ambivalent, 15 (29%) stated 
they would acknowledge the patient’s interest and 
refer for FMT, 26 (50%) would only refer for FMT for 
the indication of rCDI while 21 (40%) would suggest 
patients only participate in clinical trials of FMT. Forty 
five respondents (86%) would be willing to enroll their 
patients in clinical trials assessing FMT, three (6%) 
were unsure and 1 (2%) was not willing [3 (6%) non 
respondents]. Twenty-six (50%) would consider FMT 
as a last resort therapy for a medical condition where 
FMT was speculated to have benefit if their patient had 
refractory disease and was facing surgery while 12 
(23%) said they would only do so in the context of a 
clinical trial.

Perceived efficacy of FMT
Regarding the statement “I don’t believe in FMT 
and I don’t think it is an effective therapy”: 1 (2%) 
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Table 1  Gastroenterologist “faecal microbiota transplantation” perceptions survey

Gastroenterologist “faecal microbiota transplantation” (fmt) perceptions survey

1: How would you best describe yourself? (may select more than one option)
a: General Gastroenterologist
b: Hepatology subspecialist
c: Inflammatory Bowel Disease subspecialist
d: Advanced/Therapeutic endoscopy subspecialist
e: Gastroenterology trainee
f: Other; please describe in space below
2: What is the nature of your practice/work? (may select more than one option)
a: Staff Specialist
b: Public Hospital Visiting Medical Officer
c: Private Practice
d: > 40% Medical Research
e: Other; please describe in space below
3: Have you been consulted by a patient who has had FMT before? If yes please circle the indication for the FMT (may select more than one option)
a. No
b: Clostridium difficile
c: Ulcerative Colitis
d: Crohn’s disease
e: Irritable bowel syndrome
f: Other; please describe in space below
4: Have you ever referred a patient for FMT before?
a: Yes – please elaborate in space below (indication, number of referrals, outcome)
b: No
5: Please select which of the following indications, if any, you would consider referring for FMT if easily available (may select more than one option)
a: Clostridium difficile
b: Ulcerative Colitis
c: Crohn’s disease
d: Irritable bowel syndrome
e: Other; please list in space below
f: I would not consider referring for FMT for any indication
6: If a patient saw you and expressed interest in undergoing FMT would you (you may select more than one option)
a: Advise against it
b: Remain ambivalent
c: Acknowledge their interest and refer them for FMT
d: Only refer them for FMT for the indication of recurrent Clostridium difficile
e: Suggest they only participate in clinical trials involving FMT
f: Other; please describe in space below
7: Please select your response in answer to each of the following potential concerns with FMT
a: I don’t believe in FMT and I don’t think it is an effective therapy
Strongly Disagree Somewhat Disagree Somewhat Agree Strongly Agree
b: While FMT may work at present there is inadequate evidence for efficacy
Strongly Disagree Somewhat Disagree Somewhat Agree Strongly Agree
c: There is a significant infection risk from donor stool despite screening
Strongly Disagree Somewhat Disagree Somewhat Agree Strongly Agree
d: I have other safety concerns regarding non-infectious adverse reactions with FMT
Strongly Disagree Somewhat Disagree Somewhat Agree Strongly Agree
e: There is a risk of disease exacerbation with FMT
Strongly Disagree Somewhat Disagree Somewhat Agree Strongly Agree
f: I don’t think my patients would contemplate or consent to FMT 
Strongly Disagree Somewhat Disagree Somewhat Agree Strongly Agree
g: “Yuck” factor (Aesthetics)
Strongly Disagree Somewhat Disagree Somewhat Agree Strongly Agree
h: Lack of availability/accessibility to FMT
Strongly Disagree Somewhat Disagree Somewhat Agree Strongly Agree
i: Other; please describe in space below
8: What is your greatest concern, if any, regarding FMT? Please select only one
a: Lack of efficacy
b: Lack of evidence
c: Infection risk from donor stool despite screening
d: Non infectious adverse reaction and lack of safety data
e: Possible disease exacerbation
f: “Yuck” factor of donor stool
g: None; I have no concerns regarding FMT
h: Other; please list in space below
9: How do you feel the potential risks of FMT compare with blood transfusion or other biologic product administration?
a: More risk with blood transfusion than FMT
b: More risk with FMT than blood transfusion

Paramsothy S et al . Gastroenterologist perceptions of FMT



strongly agreed, 7 (14%) somewhat agreed, 20 (38%) 
somewhat disagreed and 22 (42%) strongly disagreed 
[2 (4%) non respondents]. Regarding the statement 
“While FMT may work at present there is inadequate 
evidence for efficacy”: 6 (12%) strongly agreed, 
25 (48%) somewhat agreed, 13 (25%) somewhat 
disagreed and 6 (12%) strongly disagreed [2 (4%) 
non respondents].

Perceived safety of FMT
Thirteen respondents (25%) somewhat agreed that 
there was a significant infection risk from donor 
stool despite screening, while 27 (52%) somewhat 

disagreed and 10 (19%) strongly disagreed [2 
(4%) non respondents]. Regarding safety concerns 
pertaining to non infectious adverse reactions with 
FMT, 1 (2%) strongly agreed, 18 (34%) somewhat 
agreed, 26 (50%) somewhat disagreed and 6 (12%) 
strongly disagreed [1 (2%) non respondents]. 21 
respondents (40%) somewhat agreed there was a risk 
of disease exacerbation with FMT, 26 (50%) somewhat 
disagreed and 3 (6%) strongly disagreed [2 (4%) non 
respondents]. Twenty four respondents (46%) felt 
the potential risks of FMT were less than for a blood 
transfusion or other biologic product administration, 
24 (46%) were unsure and 2 (4%) felt FMT was more 
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c: Not sure
d: Other; please describe in space below
10: What do you think is the optimal modality through which to deliver FMT?
a: Transcolonoscopic
b: Enema based
c: Nasoduodenal/jejunal
d: Other; please list in space below
e: I don’t have an opinion
11: If your patient had exhausted all other medical options and was facing surgery for refractory disease in which FMT has been suggested as a 
potential therapeutic option, would you consider FMT as a last resort therapy?
a: Yes
b: Yes but only for Clostridium difficile
c: Yes but only in a clinical trial
d: Not sure
e: No
f: Other; please describe in space below
12: Do you think FMT holds promise as a potential future therapy for certain gastrointestinal diseases?
a: Yes
b: No
c: Not Sure
d: Other; please describe in space below
13: Would you be willing to enroll your patients in clinical trials assessing FMT?
a: Yes
b: No
c: Not Sure
d: Other; please describe in space below
14: In the next 3 yr, do you foresee a situation where you would consider referring a patient for FMT outside a clinical trial if a trusted service was 
available? Please select your answer for each of the following indications 
a. No, I would not consider referring for FMT for any indication
b: Recurrent Clostridium difficile infection
Highly Likely Somewhat Likely Somewhat Unlikely Highly unlikely
c: Ulcerative Colitis
Highly Likely Somewhat Likely Somewhat Unlikely Highly unlikely
d: Crohn’s disease
Highly Likely Somewhat Likely Somewhat Unlikely Highly unlikely
e: Irritable bowel syndrome or other functional gut disorder
Highly Likely Somewhat Likely Somewhat Unlikely Highly unlikely
15: With regards to FMT, please select your response to the following statements
a: I already offer FMT as a therapeutic option in my practice
b: I have an interest in learning how to process and administer FMT so that I or my institution can arrange such therapy for our patients independently
Strongly Disagree Somewhat Disagree Somewhat Agree Strongly Agree
c: I believe a few select centres that satisfy appropriate regulatory requirements should be available in my city to offer FMT
Strongly Disagree Somewhat Disagree Somewhat Agree Strongly Agree
d: I don’t believe the therapy should be available for routine clinical use 
Strongly Disagree Somewhat Disagree Somewhat Agree Strongly Agree
16: After reviewing the attached FOCUS study letter of invitation, protocol summary and selection criteria
a: Are you likely to refer patients who meet selection criteria to this study?
Highly Likely Somewhat Likely Somewhat Unlikely Highly unlikely
b: Do you have any actual patients in mind that you would consider referring to this study?
Highly Likely Somewhat Likely Somewhat Unlikely Highly unlikely
17: Any other comments regarding FMT that you wish to make?
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risky than a blood transfusion or other biologic product 
administration [2 (4%) non respondents].

Perceived patient acceptance of FMT
One respondent (2%) strongly believed that their 
patients would not contemplate or consent to FMT, 
13 (25%) somewhat agreed, 28 (54%) somewhat 
disagreed and 9 (17%) strongly disagreed [1 (2%) 
non respondent]. Nine respondents (17%) strongly 
believed their patients would be put off by the 
aesthetics of FMT, 24 (46%) somewhat agreed, 12 
(23%) somewhat disagreed while 6 (12%) strongly 
disagreed [1 (2%) non respondent]. 

Greatest concerns regarding FMT
The greatest concerns regarding FMT are shown in 
Figure 3. Lack of evidence was the most commonly 
cited concern (42%) with safety/adverse events 
(infectious and non infectious), lack of efficacy and 
aesthetic factors also reported frequently. 

Availability and accessibility of FMT
Seventy-seven percent of respondents agreed that 
there is a lack of availability or accessibility to FMT. 
Fifty two percent had an interest in learning how to 
process and administer FMT so their institution could 
offer the therapy. Seventy-nine percent agreed (35% 
strongly agreed, 44% somewhat agreed) with the 
statement that a few centres that satisfy appropriate 
regulatory requirements should be available in any 
area or region to offer FMT. Regarding the statement 
that FMT should not be available for routine clinical 
use, 3 (6%) strongly agreed, 14 (27%) somewhat 
agreed, 22 (42%) somewhat disagreed and 8 (15%) 
strongly disagreed [5 (10%) non respondents].

Route of administration and future of FMT
Figure 4 shows the perceived optimal modality of FMT 

administration with the transcolonoscopic route most 
popular (37%) followed by nasoduodenal (17%), 
while a significant proportion had no opinion. When 
asked if they thought FMT held promise as a future 
therapy for certain gastrointestinal diseases, 77% 
said yes, 15% were unsure and 4% said no. (4% non 
respondent). When asked whether in the next 3 years 
they could foresee referring for FMT outside a clinical 
trial if a trusted service was available, none stated 
no for all indications, 60% said highly likely and 29% 
somewhat likely for rCDI, 13% said highly likely and 
50% somewhat likely for UC, 4% said highly likely and 
44% somewhat likely for Crohn’s disease, 31% said 
somewhat likely, 33% somewhat unlikely and 31% 
said highly unlikely for IBS.

DISCUSSION
To our knowledge this is the first report assessing the 
perception and practice of gastroenterologists towards 
FMT across a range of indications other than rCDI. 
This study suggests that views vary widely amongst 
gastroenterologists regarding the role of FMT. Despite 
general enthusiasm, experience with FMT remains 
limited and lack of accessibility appears to be a 
contributing factor.

The most commonly reported concern by 
gastroenterologists regarding FMT was the lack of 
evidence about efficacy. Almost 60% felt that while 
FMT may be effective, at present there is inadequate 
supportive evidence and this was the major concern 
cited by almost half of respondents. However at the 
same time, despite a limited evidence base many 
gastroenterologists advocated FMT for indications 
other than rCDI. Over a third reported they would 
refer their UC patients for FMT if easily available, 10% 
would refer Crohn’s disease, and 6% for IBS. Almost 
a third were happy to refer patients with non CDI 
indications for FMT outside a clinical trial setting. At the 
other extreme, around 15% did not believe FMT was 
an effective therapy and a small proportion would not 
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Figure 3  Greatest concerns about faecal microbiota transplant.
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refer any patient for FMT, even in the setting of CDI, 
despite the growing body of evidence demonstrating 
efficacy and short term safety of this therapy in a 
condition with significant morbidity and mortality.

The majority of surveyed gastroenterologists did not 
express reservations regarding the safety of FMT from 
infection transmission, other non infectious adverse 
events or disease exacerbation, despite relatively 
limited short term data and negligible long term data. 

Almost three quarters of gastroenterologists 
surveyed believed their patients would contemplate or 
consent to FMT, though almost two thirds believed they 
would be concerned by the aesthetic factor. Published 
studies on patient perception towards FMT have found 
a majority would consider such therapy and that 
the aesthetic factor is not a major issue, suggesting 
the perception of gastroenterologists are only partly 
consistent with those of their patients[17,19]. However 
there appears to be improvement in gastroenterologist 
awareness of patient attitudes towards FMT compared 
to the earliest report assessing gastroenterologist 
perceptions of FMT in which 71% cited lack of patient 
acceptance and tolerability as the main barrier to FMT 
for CDI[21]. 

Half the respondents felt a lower gastrointestinal 
route was the optimal mode of FMT administration, 
with only a quarter advocating an upper gastro-
intestinal route and the remainder not having an 
opinion. These findings may be influenced to some 
degree by the ease of endoscopic access and admini-
stration available to gastroenterologists. A small 
number volunteered that oral capsule would be the 
optimal method despite this not being listed as a pre-
specified choice on the questionnaire and minimal 
publications at the time of survey distribution reporting 
its use; the evidence for such a mode of delivery in 
rCDI is only just appearing in clinical trials. 

Over three quarters of respondent gastroentero-
logists believe FMT holds promise as a potential 
therapy for certain gastrointestinal diseases, and 
would be willing to enroll their patients in FMT clinical 
trials. In the next 3 years, the majority expected they 
would be referring patients for FMT outside a clinical 
trial setting for both rCDI and UC if a trusted service 
was available, almost 50% for Crohn’s disease and one 
third for IBS. This represents a significant shift in the 
last few years from when less than half of respondent 
gastroenterologists would consider FMT in the setting 
of CDI[21], despite arguably more convincing evidence 
at that stage for FMT in CDI than currently exists for 
FMT in non CDI settings.

A limitation of this study is the relatively small total 
respondent number. Furthermore, it was not possible 
to determine the response rate as the method of 
survey distribution involved circulating hard copies of 
the questionnaire at gastroenterology meetings rather 
than formal mailbox or email distribution. Finally, 
all respondents were Australian gastroenterologists, 
the majority from Sydney, potentially limiting the 

generalisability of the responses. 
This study is the first report of gastroenterologist 

practice and perceptions regarding the use of FMT 
to include indications beyond rCDI. It highlights 
that while there is a large degree of interest in FMT 
amongst the profession, experience remains limited 
and opinions conflicting regarding its therapeutic 
potential and safety, sometimes inconsistent with the 
current medical evidence base. It indicates areas of 
educational need, and the need to address patients’ 
expectations.

COMMENTS
Background
Faecal microbiota transplantation (FMT) has attracted substantial interest over 
recent years from researchers, clinicians, patients and mainstream media due 
to its extraordinary efficacy in the treatment of recurrent Clostridium difficile 
infection (rCDI), a condition with significant morbidity and mortality. As a result, 
there is growing interest in exploring the potential for FMT in the treatment 
of other disease states where pathogenesis is presumed to be secondary to 
dysbiosis. However concerns have been raised about the lack of efficacy and 
safety data along with limited accessibility and experience outside specialized 
centres.

Research frontiers
While interest in FMT is growing, controversy exists regarding potential 
indications, efficacy and safety for FMT. While patient perceptions of FMT have 
been reported and suggest widespread interest and enthusiasm, the overall 
opinions and experience of gastroenterologists related to FMT are not clear and 
have not been studied for conditions other than just CDI. The research hotspot 
this study addresses is to explore gastroenterologist attitudes towards, and 
experience with, FMT in general.

Innovations and breakthroughs
In recent years, uncontrolled and controlled studies have demonstrated that 
FMT is highly effective in the treatment of CDI. However data is still lacking 
regarding long term safety and non infectious adverse events. Controlled 
efficacy data for other potential indications are required though several clinical 
trials are currently underway.

Applications
This study suggests that while there is general interest in FMT, experience 
and accessibility are major limiting factors for most gastroenterologists that 
need to be addressed. Knowledge of current evidence based indications was 
suboptimal suggesting the need for further education and training. The greatest 
concerns were lack of supportive evidence and safety issues, highlighting areas 
for future research.

Terminology
FMT involves the transfer of faecal material (and associated microbiota) from a 
healthy donor to a recipient for the purpose of treating an underlying disease. 
The mechanism of action is generally believed to be via correction of underlying 
disease dysbiosis. Dysbiosis is a disturbance in the natural balance of the 
microbial ecology of a part of the body.
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of general interest because the topic is controversial and current.

REFERENCES
1 Smith MB, Kelly C, Alm EJ. Policy: How to regulate faecal 

transplants. Nature 2014; 506: 290-291 [PMID: 24558658 DOI: 

10913 October 14, 2015|Volume 21|Issue 38|WJG|www.wjgnet.com

 COMMENTS

Paramsothy S et al . Gastroenterologist perceptions of FMT



10.1038/506290a]
2 Lessa FC, Mu Y, Bamberg WM, Beldavs ZG, Dumyati GK, Dunn 

JR, Farley MM, Holzbauer SM, Meek JI, Phipps EC, Wilson 
LE, Winston LG, Cohen JA, Limbago BM, Fridkin SK, Gerding 
DN, McDonald LC. Burden of Clostridium difficile infection 
in the United States. N Engl J Med 2015; 372: 825-834 [PMID: 
25714160 DOI: 10.1056/NEJMoa1408913]

3 Leffler DA, Lamont JT. Clostridium difficile infection. N Engl 
J Med 2015; 372: 1539-1548 [PMID: 25875259 DOI: 10.1056/
NEJMra1403772]

4 Gough E, Shaikh H, Manges AR. Systematic review of intestinal 
microbiota transplantation (fecal bacteriotherapy) for recurrent 
Clostridium difficile infection. Clin Infect Dis 2011; 53: 994-1002 
[PMID: 22002980 DOI: 10.1093/cid/cir632]

5 Kassam Z , Lee CH, Yuan Y, Hunt RH. Fecal microbiota 
transplantation for Clostridium difficile infection: systematic 
review and meta-analysis. Am J Gastroenterol 2013; 108: 500-508 
[PMID: 23511459 DOI: 10.1038/ajg.2013.59]

6 van Nood E, Vrieze A, Nieuwdorp M, Fuentes S, Zoetendal EG, 
de Vos WM, Visser CE, Kuijper EJ, Bartelsman JF, Tijssen JG, 
Speelman P, Dijkgraaf MG, Keller JJ. Duodenal infusion of donor 
feces for recurrent Clostridium difficile. N Engl J Med 2013; 368: 
407-415 [PMID: 23323867 DOI: 10.1056/NEJMoa1205037]

7 Turnbaugh PJ, Ley RE, Hamady M, Fraser-Liggett CM, Knight 
R, Gordon JI. The human microbiome project. Nature 2007; 449: 
804-810 [PMID: 17943116 DOI: 10.1038/nature06244]

8 Peterson J, Garges S, Giovanni M, McInnes P, Wang L, Schloss 
JA, Bonazzi V, McEwen JE, Wetterstrand KA, Deal C, Baker CC, 
Di Francesco V, Howcroft TK, Karp RW, Lunsford RD, Wellington 
CR, Belachew T, Wright M, Giblin C, David H, Mills M, Salomon 
R, Mullins C, Akolkar B, Begg L, Davis C, Grandison L, Humble M, 
Khalsa J, Little AR, Peavy H, Pontzer C, Portnoy M, Sayre MH, 
Starke-Reed P, Zakhari S, Read J, Watson B, Guyer M. The NIH 
Human Microbiome Project. Genome Res 2009; 19: 2317-2323 
[PMID: 19819907 DOI: 10.1101/gr.096651.109]

9 Neish AS. Microbes in gastrointestinal health and disease. 
Gastroenterology 2009; 136: 65-80 [PMID: 19026645 DOI: 
10.1053/j.gastro.2008.10.080]

10 Gevers D, Kugathasan S, Denson LA, Vázquez-Baeza Y, Van 
Treuren W, Ren B, Schwager E, Knights D, Song SJ, Yassour 
M, Morgan XC, Kostic AD, Luo C, González A, McDonald D, 
Haberman Y, Walters T, Baker S, Rosh J, Stephens M, Heyman M, 
Markowitz J, Baldassano R, Griffiths A, Sylvester F, Mack D, Kim 
S, Crandall W, Hyams J, Huttenhower C, Knight R, Xavier RJ. The 
treatment-naive microbiome in new-onset Crohn’s disease. Cell 
Host Microbe 2014; 15: 382-392 [PMID: 24629344 DOI: 10.1016/
j.chom.2014.02.005]

11 Manichanh C, Borruel N, Casellas F, Guarner F. The gut microbiota 
in IBD. Nat Rev Gastroenterol Hepatol 2012; 9: 599-608 [PMID: 
22907164 DOI: 10.1038/nrgastro.2012.152]

12 Sears CL, Garrett WS. Microbes, microbiota, and colon cancer. 

Cell Host Microbe 2014; 15: 317-328 [PMID: 24629338 DOI: 
10.1016/j.chom.2014.02.007]

13 Le Chatelier E, Nielsen T, Qin J, Prifti E, Hildebrand F, Falony 
G, Almeida M, Arumugam M, Batto JM, Kennedy S, Leonard P, 
Li J, Burgdorf K, Grarup N, Jørgensen T, Brandslund I, Nielsen 
HB, Juncker AS, Bertalan M, Levenez F, Pons N, Rasmussen S, 
Sunagawa S, Tap J, Tims S, Zoetendal EG, Brunak S, Clément 
K, Doré J, Kleerebezem M, Kristiansen K, Renault P, Sicheritz-
Ponten T, de Vos WM, Zucker JD, Raes J, Hansen T, Bork P, Wang 
J, Ehrlich SD, Pedersen O. Richness of human gut microbiome 
correlates with metabolic markers. Nature 2013; 500: 541-546 
[PMID: 23985870 DOI: 10.1038/nature12506]

14 Ridaura VK, Faith JJ, Rey FE, Cheng J, Duncan AE, Kau AL, 
Griffin NW, Lombard V, Henrissat B, Bain JR, Muehlbauer MJ, 
Ilkayeva O, Semenkovich CF, Funai K, Hayashi DK, Lyle BJ, 
Martini MC, Ursell LK, Clemente JC, Van Treuren W, Walters WA, 
Knight R, Newgard CB, Heath AC, Gordon JI. Gut microbiota 
from twins discordant for obesity modulate metabolism in mice. 
Science 2013; 341: 1241214 [PMID: 24009397 DOI: 10.1126/
science.1241214]

15 Tang WH, Wang Z, Fan Y, Levison B, Hazen JE, Donahue LM, Wu Y, 
Hazen SL. Prognostic value of elevated levels of intestinal microbe-
generated metabolite trimethylamine-N-oxide in patients with heart 
failure: refining the gut hypothesis. J Am Coll Cardiol 2014; 64: 
1908-1914 [PMID: 25444145 DOI: 10.1016/j.jacc.2014.02.617]

16 Schnabl B, Brenner DA. Interactions between the intestinal 
microbiome and liver diseases. Gastroenterology 2014; 146: 
1513-1524 [PMID: 24440671 DOI: 10.1053/j.gastro.2014.01.020]

17 Kahn SA, Vachon A, Rodriquez D, Goeppinger SR, Surma B, Marks 
J, Rubin DT. Patient perceptions of fecal microbiota transplantation 
for ulcerative colitis. Inflamm Bowel Dis 2013; 19: 1506-1513 [PMID: 
23624888 DOI: 10.1097/MIB.0b013e318281f520]

18 Alang N, Kelly CR. Weight gain after fecal microbiota transplan-
tation. Open Forum Infect Dis 2015; 2: ofv004 [PMID: 26034755 
DOI: 10.1093/ofid/ofv004]

19 Zipursky JS , Sidorsky TI, Freedman CA, Sidorsky MN, 
Kirkland KB. Patient attitudes toward the use of fecal microbiota 
transplantation in the treatment of recurrent Clostridium difficile 
infection. Clin Infect Dis 2012; 55: 1652-1658 [PMID: 22990849 
DOI: 10.1093/cid/cis809]

20 Brandt LJ. Editorial commentary: fecal microbiota transplan-
tation: patient and physician attitudes. Clin Infect Dis 2012; 55: 
1659-1660 [PMID: 22990845 DOI: 10.1093/cid/cis812]

21 Kelly C, de Leon L, Kerstetter D, Okpara N. Barriers to Greater 
Utilization of Fecal Bacteriotherapy for Chronic Clostridium 
difficile Infection (abstract). American College of Gastroenterology 
annual meeting; San Antonio, Texas; 15-20 October, 2010

22 Sofi AA, Georgescu C, Sodeman T, Nawras A. Physician outlook 
toward fecal microbiota transplantation in the treatment of 
Clostridium difficile infection. Am J Gastroenterol 2013; 108: 
1661-1662 [PMID: 24091517 DOI: 10.1038/ajg.2013.207]

P- Reviewer: Zuluaga AF    S- Editor: Ma YJ    L- Editor: A    
E- Editor: Ma S

10914 October 14, 2015|Volume 21|Issue 38|WJG|www.wjgnet.com

Paramsothy S et al . Gastroenterologist perceptions of FMT



Systematic analysis of the safety and benefits of 
transvaginal hybrid-NOTES cholecystectomy

Dirk R Bulian, Jurgen Knuth, Kai S Lehmann, Axel Sauerwald, Markus M Heiss

Dirk R Bulian, Jurgen Knuth, Markus M Heiss, Department of 
Abdominal, Vascular and Transplant Surgery, Cologne-Merheim 
Medical Center, Witten/Herdecke University, 51109 Cologne, 
Germany

Jurgen Knuth, Department of General, Visceral, Vascular 
and Thoracic Surgery, Hospital of Kempten, 87439 Kempten, 
Germany

Kai S Lehmann, Department of General, Visceral and Vascular 
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Abstract
AIM: To evaluate transvaginal hybrid-NOTES cholecy-
stectomy (TVC) during its clinical establishment and 
compare it with the traditional laparoscopic technique 
(LC).

METHODS: The specific problems and benefits of TVC 
were reviewed using a registry analysis, a comparative 
cohort study and a randomized clinical trial. At first, 
feasibility, safety and specific complications of the 
TVC were analyzed based on the first 488 data sets 
of the German NOTES Registry (GNR). Hereafter, 
we compared the early postoperative results of our 
first 50 TVC-patients with those of 50 female LC-
patients matched by age, BMI and ASA classification. 
The same cohort was contacted an average of two 
years later to evaluate long-term results concerning 
pain and satisfaction with the aesthetic results and 
the overall postoperative results as well as sexual 
intercourse by means of two domains of the German 
version of the Female Sexual Function Index (FSFI-d). 
Consequently, we performed a randomized clinical trial 
comparing 20 TVC-patients with 20 needlescopic/3-
trocar cholecystectomies (NC) also concerning the early 
postoperative results as well as pain, satisfaction and 
quality of life by means of the Eypasch Gastrointestinal 
Quality of Life Index (GIQLI) in the later course. Finally, 
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INTRODUCTION
On one hand, operative procedures serve to heal or at 
least alleviate disease or disease-related complaints. 
On the other hand, these methods hold general and 
specific risks and obviously harm the physical integrity 
of the patient. Operative risks result not only from the 
actual procedure on the target organ but also from the 
necessary access. The consequences and risks of long-
term common abdominal access, namely laparotomy, 
are pain at the incision site[1], wound infection[2,3], 
burst abdomen[4-6], incisional hernias and scarring. 
They may result in a prolonged hospital stay, increased 
lethality, and possibly further procedures to correct 
associated complications[7-9]. To avoid or at least 
reduce the access-related problems mentioned above 
by reducing the access inherent trauma, laparoscopy 
was developed[10,11]. However, the completely 
unaccustomed instrument handling demanded new, 
initially unfamiliar skills. This resulted in an increased 
initial complication rate, e.g., bile duct injuries during 
cholecystectomy[12].

For many decades, gynecological intraperitoneal 
procedures have been performed by avoiding the 
abdominal wall and instead utilizing a natural orifice, 
namely the transvaginal access point[13-15]. In 2004, 
Kalloo et al[16] introduced the NOTES-concept for 
gastroenterologic disease treatment. As a result, 
cholecystectomy was performed transvaginally by 
several groups in 2007[17-21]. Even prior to that, the 
retrieval of larger specimens, such as the spleen[22], 
and even the gallbladder during cholecystectomies in 
cases of large stones[23], were performed transvaginally 
but without attracting much attention in the abdominal 
surgery field. It was not until the aim of performing 
an operation completely through a natural orifice 
with a flexible endoscope became desirable that the 
development of several techniques and the distribution 
of the NOTES-concept itself gained momentum. 
However, intraabdominal procedures are only 
performed with great difficulty when employing the 
currently available standard endoscopes. Thus, several 
clinics[24] established transvaginal/transumbilical 
Hybrid-NOTES cholecystectomy (TVC) using rigid 
instruments as described by Zornig et al[17].

Based on experiences with the clinical imple-
mentation of the traditional laparoscopic cholecy-
stectomy (LC) at the end of the 1980’s including the 
already mentioned higher rate of complications, a 
concomitant evaluation of the clinical implementation 
of TVC as a new method in surgery seemed 
obligatory. Apart from its safety, investigations into 
additional benefits for the patients, such as reduced 
postoperative pain, required clarification.
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we discussed the results in accordance with other 
published studies.

RESULTS: The complication (3.5%) and conversion 
rates (4.1%) for TVC were low in the GNR and 
comparable to those of the LC. Access related 
intraoperative complications included injuries to the 
bladder (n  = 4; 0.8%) and bowel (n  = 3; 0.6%). 
The study cohort revealed less postoperative pain 
after TVC comparing to the LC-patients on the day 
of surgery (NRS, 1.5/10 vs  3.1/10, P = 0.003), in the 
morning (NRS, 1.9/10 vs  2.8/10, P  = 0.047) and in 
the evening (NRS, 1.1/10 vs  1.8/10, P  = 0.025) of 
postoperative day (POD) one. The randomized clinical 
trial consistently found less cumulative pain until POD 2 
(NRS, 8/40 vs  14/40, P = 0.043), as well as until POD 
10 (NRS, 22/190 vs  41/190, P = 0.010). Furthermore, 
the TVC-patients had a better quality of life on POD 10 
than did the LC-patients (GIQLI, 124/144 vs  107/144, P 
= 0.028). The complication rates were comparable and 
no specific problems were detected in the long-term 
follow-up for sexual intercourse for either group. The 
TVC-patients were more satisfied with the aesthetic 
result in the long-term course in the matched cohort 
analysis (1.00 vs  1.88, P  < 0.001) as well as in the 
randomized clinical trial (1.00 vs  1.70, P < 0.001) when 
compared with the LC-patients.

CONCLUSION: TVC is a feasible procedure with 
a high safety profile and has advantages in regard 
to postoperative pain and aesthetic results when 
compared with LC or NC.

Key words: NOTES; Cholecystolithiasis; Postoperative 
complications; Postoperative pain; Transvaginal hybrid-
NOTES cholecystectomy

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Transvaginal hybrid-NOTES cholecystectomy 
(TVC) increased in popularity after its introduction 
in 2007. We systematically evaluated this new 
technique with regards to its specific complications and 
advantages compared with those of the laparoscopic 
technique (LC) using a registry analysis, a matched 
cohort analysis and a randomized clinical trial. TVC had 
a low conversion rate and complication rate. Injuries to 
the bladder and urinary tract infections were rare but 
access-specific complications. TVC-patients showed less 
postoperative pain and a better quality of life in the 
short-term course than did the LC-patients. TVC led to 
an improved satisfaction with the aesthetic results also 
in long-term course. No specific problems, not even for 
sexual intercourse, were detected.

Bulian DR, Knuth J, Lehmann KS, Sauerwald A, Heiss MM. 
Systematic analysis of the safety and benefits of transvaginal 
hybrid-NOTES cholecystectomy. World J Gastroenterol 2015; 
21(38): 10915-10925  Available from: URL: http://www.wjgnet.



MATERIALS AND METHODS
The following aspects were evaluated by our study 
group in different trials/studies and will be discussed in 
this review: feasibility of TVC in clinical routine, safety 
of the method, possible access-related complications, 
potential for less postoperative pain when compared 
with LC, negative influence on sexual life due to 
transvaginal access, higher patient satisfaction with 
the esthetic result compared with LC and evaluation of 
morphological changes as a result of the transvaginal 
access.

For clarification of these problems, five analyses 
were used on three different studies with a different 
conceptual design (Table 1).

On the basis of a national registry[24], feasibility and 
safety, including access-related complications, were 
analyzed.

On the basis of a comparative cohort study 
for our first 50 TVCs[25], the expected advantage 
regarding reduced postoperative pain and other 
early postoperative parameters were evaluated in 
comparison with LC. To record more than just short-
term complications, a two-year follow-up exam of 
the same patients was conducted in order to detect 
and compare problems concerning sexual life and 
satisfaction with the esthetic result[26]. 

Because there is evidence for the usage of mini-
instruments to reduce postoperative pain in LC[27,28] 
and a reduction of the number of trocars should have 
a similar effect, a prospective/randomized, unblinded, 
single center trial was initiated to compare TVC with 
the allegedly least traumatizing technique for the 
abdominal wall, which is the needlescopic 3-trokar-
cholecystectomy (NC)[29].

Apart from short-term advantages, long-term 
safety was also assessed in the prospective/rando-
mized trial. Thus, parameters regarding sexual life and 
patient satisfaction were also registered at three and 
six months postoperatively[30].

Step 1: registry analysis
The German registry for natural orifice translumenal 

endoscopic surgery: report of the first 551 patients[24].
The German NOTES Registry (GNR) was implemented 

in March 2008. All surgical departments in Germany were 
invited via mail, email, and conference participation, to 
document all NOTES-related procedures in the GNR via 
an online portal that was especially programmed for this 
purpose. Participation was voluntary, pseudonymized, 
not linked to any membership and free of charge after 
creating an account for the respective department. 
Technical realization was carried out by the DGAV. In 
our clinic, all NOTES-related procedures were registered 
in the GNR.

Registered data included general and patient related 
data, target organ, therapy and postoperative course. 
The first published analysis after documentation 
of more than 550 cases was analyzed using SPSS, 
version 16 (IBM Germany, Ehningen) and SAS, version 
9.2 (SAS Institute, United States, North Carolina). 
Apart from descriptive statistics of all procedures, 
a sub group analysis was planned for those target 
organs that made up for more than 15% of the overall 
procedures or an absolute number of more than 50 
procedures. Eventually, this criterion applied to the 
target organ “gallbladder” only. 

Step 2: matched cohort analysis; short-term results 
Less pain after transvaginal/transumbilical cholecy-
stectomy than after the classical LC: short-term results 
of a matched-cohort study[25].

In our clinic, the first TVC was performed on 
December 8, 2008. Since then, for all patients with 
an indication for elective cholecystectomy (CHE) due 
to symptomatic cholecystolithiasis, the following pre-, 
intra- and postoperative parameters were recorded 
and documented in a prospective data base: age, body 
mass index (BMI), comorbidities, previous abdominal 
surgery, American Society for Anesthesiologists (ASA)-
classification, history of cholecystitis or cholestasis, 
date of the operation, procedural time, amount 
of percutaneous trocars, conversion, pre- and 
postoperative leukocytes, CRP and bilirubin, intra- and 
postoperative complications, histopathological results, 
pain [in the recovery room and on the morning and 
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Table 1  Overview of the studies that were included for the analysis

Study Patients Study aim

Registry analysis[24] 551 Technical and clinical feasibility
(488 TVC) Safety (particularly regarding access related complications)

Cohort study A[25] 100 Benefit (postoperative pain)
(Early postoperatively) (50 TVC; 50 LC) Disadvantages (specific complications)
Cohort study B[26]    881 Long-term problems (particularly regarding sexual intercourse)
(24 mo postoperatively) (46 TVC; 42 LC) Patient satisfaction
NATCH-study[29]   40 Benefit (postoperative pain)
(Early postoperatively) (20 TVC; 20 NC) Disadvantages (specific complications)
NATCH-study[30]   40 Long-term problems (particularly regarding sexual intercourse)
(3 and 6 mo postoperatively) (20 TVC; 20 NC) Patient satisfaction

1From the collective of cohort study A. TVC: Transvaginal cholecystectomy; LC: Traditional laparoscopic cholecystectomy; NC: Needlescopic 3-trocar-
cholecystectomy.
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hypothetical case of a new necessary cholecystectomy 
and whether or she would recommend the technique 
to friends or relatives. Data processing and statistical 
analysis was conducted using SPSS, Version 19 (IBM 
Germany, Ehningen).

Step 4: randomized clinical trial; short-term results 
Transvaginal/transumbilical hybrid-NOTES vs 3-trocar 
needlescopic cholecystectomy: short-term results of a 
randomized clinical trial[29]

After preparation of a study protocol, calculation 
of sample size, approval by the ethics committee and 
registration of the study, 40 patients were included in a 
randomized, prospective, single center and unblinded 
clinical trial between February 2010 and June 2012. 
Randomization was 1:1 for TVC and NC. All procedures 
were conducted by the same surgeon in order to 
avoid not only interindividual differences but also 
the influence of a learning curve, which was already 
completed for the performing surgeon at the beginning 
of the trial.

Postoperative pain medication, return to food 
intake and dismissal criteria were standardized and 
identical for both groups. On postoperative day ten, 
the first post-dismissal examination took place and 
included a clinical exam and inquiry of the esthetic 
result both by the study-physician and the patient 
using a satisfaction-scale (ordinal scale). Until that 
assessment point, the patients had documented pain 
intensity, pain localization and analgesic consumption 
three times daily. All TVC-patients were re-examined 
by a gynecologist on postoperative day 12-14.

The primary outcome measure was the cumulative 
early postoperative pain intensity during movement 
within the first 48 h following surgery and was 
comprised of four measurements (pain intensity six 
hours postoperatively, on the morning and the evening 
of the first postoperative day and the morning of the 
second postoperative day) measured on the Numeric 
Rating-Scale (NRS-11)[31]. Secondary short-term 
outcome measures, documented prospectively, were 
satisfaction of both the patient and the examiner with 
the esthetic results of the operation regarding the 
abdominal wall on postoperative day 10, intra- and 
postoperative complication rates, conversion rate to 
traditional laparoscopic or conventional technique, 
procedural time, evaluation of the operative handling 
(instrument handling, camera handling, dissection 
and gallbladder retrieval) by the first and the second 
surgeon, cumulative postoperative pain intensity during 
movement until postoperative day ten as measured 
in the morning and in the evening with the NRS-11, 
cumulative consumption of peripheral and central 
analgesics during the first ten days, re-operation rate, 
time to return to daily, professional and leisure activity 
as well as quality of life, measured on postoperative 
day 10 using the Eypasch Gastrointestinal Index for 
Quality of Life (GIQLI)[34]. Furthermore, age, BMI, 

evening of the first postoperative day as measured 
blindly using the numeric rating scale (NRS-11)[31] 
from 0 (no pain) to 10 (worst imaginable pain) by 
nurses especially trained for this purpose], analgesic 
consumption, time of first solid food intake and 
postoperative hospital stay.

The choice of technique was made by the patients 
after informed consent about the possible advan-
tages and disadvantages of both TVC and LC 
was obtained. Additionally, all TVC-patients were 
preoperatively examined by a gynecologist to exclude 
contraindications for a transvaginal procedure. 
Perioperative treatment was the same for both groups. 
TVC-patients were advised to abstain from penetrating 
sexual intercourse for two weeks postoperatively. 
Furthermore, there was a gynecological re-examination 
after ten to twelve days.

TVC was performed as described by Zornig et al[17]. 
For LC, four trocars were used: two 11 mm- and two 6 
mm-trocars. The gallbladder was retrieved through the 
umbilical trocar access, which was increased in size in 
cases of multiple or large stones.

A comparative analysis of the first 50 TVC-patients 
with 50 traditional laparoscopic patients (LC-group) 
from the same time period matched according to age, 
BMI and ASA classification, was conducted.

Step 3: matched cohort analysis; long-term results
Long-term results of transvaginal/transumbilical vs 
classical laparoscopic cholecystectomy - an analysis of 
88 patients[26].

All 100 patients of the previous cohort study[25] 
were contacted via telephone after an average of 2.05 
years (1.04-3.14) postoperatively. They were asked to 
answer a questionnaire about the postoperative course 
and their satisfaction. A standardized questionnaire 
was sampled via telephone. Alternatively, patients 
were offered to have the questionnaire sent to them 
with a self-addressed stamped envelope.

All telephone interviews were conducted by the 
same female interviewer to avoid not only interper-
sonal variability but also patients’ reservations toward 
a male interviewer especially in regard to items 
dealing with sexuality. Evaluation was anonymous. 
The questionnaire was comprised of 48 items including 
five items about previous abdominal surgery, five 
items about previous deliveries, 13 items about the 
postoperative course, three general items about 
sexual intercourse, three items each of the domains 
“satisfaction” and “pain” of the German version of the 
Female Sexual Function Index (FSFI-d; items 14-16 
and 17-19)[32,33] related to three different points in 
time (cooperatively, early postoperatively and during 
the last four weeks before the interview), two items 
each about satisfaction with the esthetic result and 
the overall surgical result (very satisfied/satisfied/
ambiguous/dissatisfied/very dissatisfied) as well as 
two items about the patient’s choice of technique in the 
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ASA classification, number of gallstones, size of the 
largest stone, history of previous cholecystitis, pre- 
and postoperative lab results (leukocytes, CRP), 
number of percutaneous trocars, histological result 
and postoperative hospital stay were prospectively 
documented.

SPSS, version 19 (IBM Germany, Ehningen) was 
used for data processing and statistical analysis. 
An intention-to-treat-analysis was conducted for all 
calculations. 

Step 5: randomized clinical trial; long-term results 
Transvaginal hybrid NOTES cholecystectomy - results 
of a randomized clinical trial after 6 mo[30].

This prospective/randomized long-term analysis 
was conducted with the same 40 patients who had 
been randomized for TVC or NC in the study mentioned 
above. Satisfaction with the esthetic result and 
overall satisfaction, abdominal pain during movement 
according to the NRS-11 and occurrence of trocar 
hernias were documented according to a structured 
questionnaire three and six months postoperatively in 
a telephone. In cases of a positive or unclear answer 
for the item “trocar hernia”, patients were examined 
clinically and with sonography. Furthermore, three 
months postoperatively, satisfaction and occurrence 
of pain during after sexual intercourse were evaluated 
using the domains “satisfaction” and “pain” from the 
German FSFI-d. Naturally, only patients who had 
had sexual intercourse during the mentioned time 
frame could be questioned about this matter. Both 
domains were evaluated separately and together. 
Moreover, there was a gynecological exam six months 
postoperatively to detect morphological long-term 
changes at the point of access. Apart from taking the 
history, the gynecologist performed a palpation and 
speculum-inspection, especially of the posterior vault 
of the vagina, and a transvaginal sonography. The 
gynecologist also documented complaints, whether the 
patients already had postoperative sexual intercourse, 
and if a further follow-up examination was necessary.

Data processing and statistical analysis (intention-
to-treat-analysis) was conducted using SPSS, version 
21 (IBM Germany, Ehningen).

RESULTS
Step 1: registry analysis 
The German registry for natural orifice translumenal 
endoscopic surgery: report of the first 551 patients[24].

Of the 64 accounts that were generated, 28 were 
active and resulted in 551 patient data sets with 572 
target organs. The most frequent target organ was the 
gallbladder (85.3%), and the most frequent indication 
was symptomatic gallstones (73.6%).

Only female patients underwent NOTES procedures. 
Complications occurred in 3.3% of all cholecystec-
tomies. Hospital stays were significantly longer in 

cases with a complication compared with those who 
did not experience complications (6.7 d vs 2.6 d, 
p < 0.001). All procedures, except two that lacked 
further specifications, were carried out transvaginally. 
Nearly all patients (99.3%) were underwent proce-
dures in which the Hybrid-NOTES techniques were 
applied with one or more percutaneous trocars for 
cholecystectomies with an average of 1.2 ± 0.5 
trocars. Most procedures (n = 534) used a rigid laparo-
scope, and 96.6% of the procedures were performed 
by a general or abdominal surgeon. Sixty-four percent 
of the procedures were assisted by a gynecologist.

Intraoperative complications occurred in seven 
cases, and postoperative complications occurred in 
ten cases. The most frequent complication was injury 
to the bladder, which only occurred in obese patients 
(BMI ≥ 30.0 kg/m2) and older patients (≥ 59 years). 
Postoperative complications included bleeding and 
vaginal or urinary tract infections. Twenty procedures 
(3.6%) were converted to traditional laparoscopy 
and seven (1.3%) to laparotomy. In seven cases, 
a planned NOTES access was not performed due to 
technical problems with the transvaginal access. No 
difference was detected with regards to complication 
and conversion rates in the presence or absence of a 
gynecologist. All patients studied survived the entire 
study period.

Multivariate analysis of the cholecystectomies 
revealed a significant correlation between conversion 
rate and hospital stay with BMI and age, but not with 
case load of the operating clinics. Procedural time was 
dependent on BMI and case load, and the amount of 
percutaneous trocars was dependent on patient age 
and case load, and these trends were all significant. In 
“high-volume”-clinics, procedural time was shorter and 
the amount of percutaneous trocars lower. The rate of 
complications showed no significant dependence on 
any factor.

Step 2: matched cohort analysis; short-term results
Less pain after transvaginal/transumbilical cholecy-
stectomy than after the classical LC: short-term results 
of a matched-cohort study[25].

Age, BMI, ASA classification, preoperative 
leukocytes and CRP did not differ significantly between 
both groups. Only previous gynecological conditions or 
previous gynecological procedures were significantly 
more frequent in the TVC-group (18 x vs 6 x, p = 
0.009). Average procedural time was identical in both 
groups (77.8 min). For the first 25 TVC-procedures, 
the average procedural time was 82.3 min, and for 
the second group of 25 procedures it was 73.3 min. 
In the LC-group, the times were 76.9 and 78.6 min, 
respectively, with no significant differences between 
the TVC- and LC-groups. In the TVC-group, there 
was no conversion, and in the LC-group one patient 
(2%) needed conversion due to a bile duct injury. 
This was also the only intraoperative complication 
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in the LC-group (2%). In the TVC-group, there was 
one intraoperative injury to the urinary bladder (2%) 
that did not require conversion. On the day of the 
operation, the TVC-patients had significantly less pain 
than did the LC-patients (NRS: 1.5 vs 3.1, p = 0.003), 
although at the same time these patients received 
significantly less analgesic medication in the recovery 
room than did the LC-patients (19 x vs 32 x, p = 
0.016). Notably, TVC-patients received significantly 
less opiates (16 x vs 31 x, p = 0.005). Also on the 
morning and on the evening of the first postoperative 
day, there was a significant reduction in pain in the 
TVC-group (NRS: 1.9 vs 2.8, p = 0.047; 1.1 vs 1.8, 
p = 0.025). Inflammation, as measured by CRP, was 
significantly lower during the first two days after TVC 
when compared with LC (25.5 mg/L vs 39.1 mg/L, p 
= 0.015). Additionally, the individual increase in CRP 
(difference between pre- and postoperative value) was 
significantly lower following TVC compared to LC (21.1 
mg/L vs 33.1 mg/L, p = 0.003). The postoperative 
leukocyte count was not different between both 
groups (7.8/nL vs 8.0/nL, p = 0.4). After TVC, the 
postoperative hospital stay was significantly shorter 
(2.7 instead of 3.4 d, p < 0.001). First solid food intake 
happened significantly earlier in the TVC than in the 
LC group (1.02 d vs 1.40 d, p < 0.001) and took place 
significantly more often on the first postoperative day 
(49 x vs 30 x, p < 0.001).

Step 3: matched cohort analysis; long-term results 
Long-term results of transvaginal/transumbilical vs 
classical laparoscopic cholecystectomy - an analysis of 
88 patients[26].

All 88 patients who could be readily reached 
answered the questionnaire (TVC: 46; LC: 42; return 
quota 92% and 84%, p = 0.357). Those patients, 
as in the original 100, did not significantly differ 
in terms of age, BMI, ASA classification, precious 
abdominal surgery or amount of previous deliveries. 
The majority (76.1%) of the TVC-patients and 61.0% 
of the LC-patients had sexual intercourse in the six 
months before the CHE. After the CHE the same 
frequencies were 78.3% and 61.0%, respectively (p 
= 0.165 and 0.102). Additionally, the point of first 
sexual intercourse following CHE was not significantly 
different. Neither the domains of the FSFI-d, nor their 
sum were significantly different for all three examined 
time-points. The TVC-patients were significantly more 
satisfied with the esthetic results of the CHE and 
with the overall result (p < 0.001 and p = 0.001). All 
TVC-patients would hypothetically opt for the same 
technique again, and only 80.5% (p = 0.002) would 
do so after LC. Furthermore, all TVC-patients would 
recommend the technique applied on them to friends 
or relatives, whereas only 69.2% would do so in the 
LC-group (p < 0.001). Both general postoperative 
complications as well as wound infections were less 
frequent after TVC, but not significantly so (17.8% 
vs 35.7%, p = 0.088 and 2.2% vs 7.1%, p = 0.344). 

CHE related incisional hernias occurred in two out of 
the 42 LC-patients, but not in the TVC-group (4.8% 
and 0%, p = 0.225). Significantly less TVC-patients 
felt impaired by the CHE (6.5% vs 23.8%, p = 0.034). 
Some of the TVC-patients (19.6%) and the LC-
patients (28.6%) reported epigastric pain, and 6.5% 
and 4.8% had had pain in the lower abdomen and/or 
pubic area, respectively, during the four weeks before 
the inquiry (p = 0.453 and p = 1). Pain intensity was 
not significantly different between the two groups (p = 
0.451 and p = 0.700). After the procedure, the TVC-
patients could resume everyday life activities (work, 
school, household, etc.) significantly earlier than could 
the LC-patients (after 5.4 d vs 14.4 d, p < 0.001). 
In each group, one patient noticed a change in her 
menstruation after the CHE. Four TVC-patients and no 
LC-patients noticed vaginal discharge after the CHE 
outside of the menstruation cycle (8.7% and 0%, p = 
0.118).

Step 4: randomized clinical trial; short-term results 
Transvaginal/transumbilical hybrid-NOTES vs 3-trocar 
needlescopic cholecystectomy: short-term results of a 
randomized clinical trial[29].

All patients were treated per protocol, and no 
conversions or additional trocars were necessary. In 
addition, no intraoperative complications occurred. 
Patient-derived parameters were comparable between 
the two groups. One patient from each group did not 
fill out the pain- and analgesics-documentation log 
prospectively, so these had to be excluded from the 
respective analysis. The primary outcome parameter 
was cumulative pain intensity during movement within 
the first 48 h following surgery. It was significantly 
lower in the TVC-group (p = 0.043). Furthermore, 
the cumulative postoperative pain intensity during 
movement until postoperative day 10 was significantly 
lower in the TVC-group (p = 0.010), although TVC-
patients had a significantly lower consumption 
of analgesics (p = 0.019). TVC-patients had a 
significantly better GIQLI-score (p = 0.028) and were 
significantly more satisfied with the esthetic results of 
the operation (p < 0.001). Both surgeons considered 
the retrieval of the gallbladder in TVC to be significantly 
easier (p < 0.001 and p = 0.010), whereas instrument 
handling was found to be significantly more difficult 
for TVC by the second surgeon (p = 0.020). The 
remaining outcome parameters did not significantly 
differ between the two groups. All gynecologic follow-
up exams had a regular postoperative findings.

Step 5: randomized clinical trial; long-term results
Transvaginal hybrid NOTES cholecystectomy - results 
of a randomized clinical trial after 6 mo[30].

All 20 patients of the TVC-group were “very 
satisfied” with the postoperative result of the scars 
both three and six months postoperatively, which 
was significantly better than results in the TC-group 
(p = 0.004 and p < 0.001). However, the overall 
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satisfaction with the procedural result was not 
significantly different between both groups. One TVC-
patient complained about lower abdominal pain three 
months postoperatively with a value of three on the 
NRS-11, one NC-patient had pain in the right upper 
quadrant after six months with a value of six on the 
NRS-11. Hernias were not detected, although two 
NC-patients were clinically evaluated after three and 
six months due to respective results in the telephone 
interview. Because three TVC- and six NC-patients 
had no penetrating sexual intercourse during the six 
pre- and postoperative months, only 31 patients could 
answer the FSFI-d questions. All preoperatively active 
patients also had postoperative sexual intercourse. The 
analysis of the FSFI-d-items revealed no significant 
difference between both techniques, neither for each 
domain separately, nor for evaluation of both domains 
together. None of the gynecologic follow-up exams 
showed pathological findings.

DISCUSSION
The aim of our studies was to evaluate TVC, a 
new surgical technique that previously had not 
been systematically evaluated. After Kalloo et al[16] 
introduced the NOTES-principle in 2004 by description 
of the perioral, transgastral access, that principle 
was adopted by several study groups for different 
intraperitoneal interventions in both experimental 
settings and clinical implementation. In 2007, a variety 
of transvaginal techniques for cholecystectomy were 
published by several study groups[17-21]. 

First and foremost, the distribution and advan-
cements of the new technique, including possible 
procedure-related complications, had to be transparent 
in order to facilitate timely intervention if necessary, 
bearing in mind the rapid increase of bile duct injuries 
following the introduction of minimally invasive surgery 
in form of LC at the end of the 80’s[35,36]. For this 
reason, the appropriate scientific surgical society, the 
DGAV with its political and social responsibility, created 
a national NOTES-registry (GNR) order to achieve 
nationwide documentation of respective procedures to 
facilitate early detection of possible problems.

After 14 mo, the first analysis of the GNR, including 
551 patients showed that more than 85% of the 
documented entirely transvaginal procedures, 99% of 
which utilized an additional umbilical trocar, (Hybrid-
NOTES-technique) were cholecystectomies[24]. 
Furthermore, most cholecystectomies applied the 
Hybrid-NOTES-technique as described by Zornig et 
al[17] with rigid instruments. Complications occurred in 
3.1% of all patients, which is comparable to the results 
of LC in a large meta-analysis[37]. The most frequent 
intraoperative complication was a urinary bladder 
injury, which occurred in four patients with previous 
hysterectomy during establishment of the transvaginal 
access. This certainly accounts for an access-related 
complication. Otherwise, three intraoperative bowel 

injuries were documented. Postoperatively, there 
were two cases of vaginal bleeding, one abscess 
in the Douglas-cavity and two vaginal infections in 
terms of access related complications. Some patients 
(3.6%) needed conversion to LC, and 1.3% needed 
conversion open cholecystectomy. Multivariate analysis 
of the documented cholecystectomies revealed several 
significant influences: the case load of the performing 
clinics on procedural time and the amount of trocars; 
BMI on conversion rate, procedural time and hospital 
stay; age on conversion rate, hospital stay and 
number of trocars. None of the analyzed parameters 
had a significant influence on the complication rate. 
Thus, at least for the clinics taking part in the registry, 
a responsible handling of the clinical implementation of 
this new technique became evident.

However, these results are based on the analysis 
of a voluntary registry and strongly depend on 
the quality of documentation as entered by the 
participating clinics. The data were not monitored, and 
neither were there audits. The logistic and financial 
effort would have necessitated membership fees or 
industrial sponsors. Furthermore, it is not guaranteed 
that all clinics that perform NOTES procedures actually 
took part in the registry. On the other hand, the 
robust results of the registry analysis might partly 
be explained by patient selection but also by the fact 
that the NOTES procedures were only performed by 
few surgeons with substantial experience and high 
expertise in the field of minimally invasive surgery. 
This fact certainly reflects the responsible clinical 
implementation of the new technique. Therefore, the 
validity of a comparison with LC-data derived from 
health services research is limited.

These results were recently confirmed in the latest 
analysis of the GNR, where 2992 data sets from 
March 2008 until November 2013 were analyzed[38]. 
With more than 88%, TVC was still the most frequent 
procedure by far, followed by appendectomy and 
colon resection. The recent rate of intraoperative 
complications was 1.6%, and that of postoperative 
complications was 3.6%. In this analysis, too, the main 
intraoperative complication was urinary bladder injury, 
and bowel injuries were still very rare but potentially 
serious complications. Postoperatively, urinary tract 
infections were classified as access related. Rarely 
(1.1%), procedures were converted to LC or the open 
procedure (0.4%).

Thus, our first analysis of the GNR, representing 
the worldwide largest analysis of NOTES procedures at 
that point, was the first step to proving the feasibility 
of Hybrid-NOTES procedures, particularly TVC.

The next step was the comparative analysis of TVC 
vs LC in order to prove the advantages of reducing 
access related trauma in the abdominal wall. For this 
purpose, the first 50 TVC-patients in our clinic in 2008 
were compared to 50 matched LC-patients from the 
same time frame[25]. Here, when compared to LC, 
TVC significantly decreased not only postoperative 
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pain on the day of the operation and on the first 
postoperative Tag but also the hospital stay. At the 
same time, the frequency of analgesic consumption 
in the recovery room, especially of opioids, as well as 
the postoperative rise in CRP were significantly lower 
after TVC. Furthermore, TVC-patients had significantly 
earlier intake of solid food.

The decrease in postoperative pain by the Hybrid-
NOTES technique was confirmed in other comparative 
non-randomized studies. The retrospective case-
control-study by Hensel et al[39] compared 47 TVC with 
46 LC-3-trocar technique patients. Apart from less 
postoperative pain and less analgesic consumption, 
there were less nausea and vomiting following TVC. 
Additionally, TVC-patients could drink earlier, were 
mobilized quicker and had a shorter hospital stay 
than did the LC-3-trocar-patients. In a prospective, 
non-randomized observational study, Kilian et al[40] 
compared 20 LC vs 15 TVC and 16 single-port 
cholecystectomies. Despite the small case number, 
postoperative pain and hospital stay were significantly 
shorter after TVC than after LC. Another study with 
three branches and a small case number by Solomon 
et al[41] again found less postoperative pain after TVC 
when compared with LC and single-incision-CHE. Two 
further studies confirmed the reduced pain intensity 
after TVC[42,43]. However, Zornig et al[44], with their 
analysis of the highest number of cases comparing 
100 TVC with 100 LC, found no difference for the 
analyzed parameters including analgesic consumption 
and hospital stay. Both Zornig et al[44] and Noguera et 
al[45] reported a significantly longer procedural time 
for TVC, while Hensel et al[39], Kilian et al[40] and our 
analysis found no significant difference. Notably, in 
the study by Zornig et al[44], all procedures from both 
groups were performed by the chief of department or 
a senior surgeon, whereas in our LC-group, more than 
half of the procedures were performed by residents 
under the supervision of a senior surgeon. Thus a bias 
results, which is due to the fact that LC is generally 
considered a teaching procedure. Furthermore, with 
the analysis of procedural times, we found a learning 
curve for TVC because the second cluster of TVC 
procedures was nine minutes shorter than the first 25 
TVC procedures. None of the mentioned studies found 
a significant difference in intra- and early postoperative 
complications between TVC and LC, which strengthens 
the favorable results of the GNR-analysis. However, 
one must consider that probably all of the registered 
centers are clinics with an above-average expertise 
in minimally invasive surgery. Therefore, a transferal 
of the result demands caution. We assume that 
the proven pain reduction is a result of the missing 
abdominal wall trauma due to retrieval of the gall 
bladder in TVC because this has the most relevant 
technical difference of both techniques. Especially 
in cases with large gallstones, a great amount of 
gallstones or a thickened organ wall manipulation at 
the abdominal wall requires a greater traumatization.

Because a benefit of TVC in regard to less early 
postoperative pain was evident without increased 
intra- or early postoperative complication rates, a 
long-term follow-up and the analysis of long-term 
parameters was the aim of further studies. This was 
not because mainly young, sexually active women 
who took part in respective surveys were concerned 
about long-term impairment of sexual activity 
following a transvaginal procedure[46-48]. Additionally, 
according to Kobiela et al[49], more than 60% of the 
male partners of the patients would advise her against 
a transvaginal CHE, mostly for fear of decreased 
postoperative sexual content. Of the 100 patients of 
our short-term analysis[25], a follow up of 24 mo was 
possible for 46 TVC- and 42 LC-patients[26]. However, 
only 36 patients of the TVC- and 25 patients of the 
LC-group were sexually active, and only these 61 
patients could answer respective questions. The 
other patients had not been sexually active in the six 
preoperative months, either, which is why we did not 
rate postoperative sexual inactivity as a result of the 
operation. We found no differences in sexual function 
regarding satisfaction, dyspareunia, menstruation, 
vaginal discharge and pain, especially not in the lower 
abdomen. Indeed, TVC-patients were less impaired by 
the operation, and they could resume everyday activity 
earlier and were more satisfied with the esthetic 
result and the overall result. On the other hand, there 
was no difference in the postoperative long-term 
complication rate. Most likely as a result of the latter, 
significantly more TVC-patients would recommend 
the Hybrid-NOTES technique to friends and relatives. 
As a result, for the first time we could document the 
safety of the technique and the improved satisfaction 
of TVC-patients after a two-year follow-up in a 
cohort analysis. In addition, we could show that TVC-
patients did not have sexual intercourse at a later 
postoperative point in time than did the LC-group, as 
suggested to the participants in a survey by Bucher 
et al[48]. Therefore, a respective difference should not 
be stated in future surveys or consultations regarding 
TVC. Additionally, our data rebut the fear of negative 
influences of the transvaginal access on sexual life. 
The previously frequently reported apprehension 
regarding the hygienic aspect of transvaginal access 
with the consequence of an intraperitoneal bacterial 
contamination could already be disproved in a study 
by Linke et al[50]. This way, our study could confirm 
earlier studies with a shorter follow up of up to 12 mo 
that showed no negative influence of TVC on sexual 
life[44,51-53].

Because all previous results came from non-
randomized studies, we initiated a prospective 
randomized, unblinded, single center trial[29]. Because 
we wanted to compare TVC vs the least invasive 
laparoscopic multi trocar technique, we chose the 
needlescopic 3-trocar cholecystectomy as reference 
group. Here, two 3.9-mm and one 11-mm trocars 
were used. Based on the results of our cohort study, 
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the primary end point was postoperative pain until the 
morning of the second postoperative day, which was 
significantly less after TVC in this randomized trial. 
The rate of intra- and postoperative complications 
was again comparable, while in opposite to the cohort 
analysis, postoperative hospital stay was not different. 
Lower analgesic consumption and comparable 
procedural time for TVC were confirmed, although in 
this study all procedures from the reference group 
were performed by the same single surgeon. Addi-
tionally, TVC-patients were significantly more satisfied 
with the early postoperative esthetic result than NC-
patients and had a significantly better quality of life on 
postoperative day ten as measured by the Eypasch 
GIQLI[34]. Meanwhile, two further randomized studies 
exist that compared TVC with LC. The three armed 
study by Noguera et al[54], which also included a 
transumbilical single-incision-CHE, could neither detect 
any differences between the techniques regarding the 
primary end-point complication rate, nor with regard to 
the secondary end-points pain, hospital stay and sick 
leave. Of note, the study was clearly underpowered 
according to the given sample-size calculation. The 
latest published randomized study by Borchert et al[55] 
compared 41 TVC-patients with 51 LC-patients in a 
double blind study design with a follow up of seven 
days and found a longer procedural time for TVC 
and neither a significant difference in complication 
rate nor in postoperative pain. A closer look reveals 
postoperative pain after TVC on the VRS (0-10) to 
be up to 0.8 points lower than after LC. However, 
despite the larger case number, this result was not 
significant. Unfortunately, analgesic consumption was 
not stated, so the respective influence of this factor 
could not be detected. Additionally, twelve surgeons 
with an average case load of 4.9 per group took part 
in the study, which might blur the potential differences 
by interindividual effects. Additionally, there was a 
relatively high conversion rate of 10%, possibly also 
due to the large number of surgeons. Interestingly, the 
average procedural time for TVC in our randomized 
trial[29], compared to that of our cohort study[25], 
namely the first 50 TVC at our clinic, was more than 
24 min shorter (53.6 min vs 77.8 min). This fact 
underlines the assumption of an existing learning 
curve for TVC.

Following the confirmation of the early post-
operative advantages in the cohort analysis[25] by 
the randomized trial[29], the documentation of more 
secondary end-points three and six months post-
operatively could show the high acceptance and the 
absence of long-term problems also in a randomized 
study design[30]. Sexual function, measured three 
months postoperatively, again with the domains 
“satisfaction” and “pain” in the FSFI-d[32,33], was 
comparable for both groups, as was abdominal pain. 
The aesthetic results after three and six months were 
considered significantly better in the TVC-group, 

whereas satisfaction with the overall result was not 
rated differently. The six-month gynecological follow-
up of all TVC-patients had no case with a pathological 
result. Thus, no access related disadvantages were 
found in this randomized study design. A limitation was 
that the case-number was calculated for the primary 
outcome parameter and that small but possibly 
relevant differences require an extremely high case 
number. This is especially true for wound infections 
and trocar hernias. For the latter, the follow up period 
of our study was certainly too short. The case number 
for a study that could theoretically prove a statistically 
significant reduction of trocar hernias by TVC would 
be 1500 patients per study arm[56]. Because this is 
unfeasible, this theoretical advantage will remain 
unproven.

Finally, the study aims mentioned in the intro-
duction could be answered by our investigations as 
follows: Hybrid-NOTES cholecystectomy in clinical 
practice is feasible and safe, with a low conversion rate. 
Access related complications are rare and comprised 
of urinary bladder injury in patients with previous 
hysterectomy and bowel injury. Following Hybrid-
NOTES cholecystectomy, there is less postoperative 
pain compared with traditional laparoscopic chole-
cystectomy. Hybrid-NOTES cholecystectomy does 
not lead to impairment of sexual function by the 
transvaginal access and results in a higher patient 
satisfaction with esthetic results. Even in long-term 
follow up, no local morphological damage can be 
attributed to the transvaginal access.

COMMENTS
Background
Laparoscopic cholecystectomy (LC) leads to less postoperative pain, a shorter 
length of stay, an earlier everyday life and a better aesthetic result comparing 
to the conventional technique so that LC becomes the gold standard for 
gallbladder disease. Nevertheless, the gallbladder has to be removed from 
the intraperitoneal cavity. This required trauma to the abdominal wall results 
in wound pain and scar formation as well as a notable risk of infection and 
incisional hernia. The transvaginal cholecystectomy with rigid instruments (TVC), 
the assistance of a 5 mm-trocar in the umbilicus and removal of the gallbladder 
via the transvaginal access is an alternative that eliminates the mentioned risks 
of removing the specimen via the abdominal wall. The aim of the authors was 
to evaluate this new technique concomitantly during its clinical establishment in 
regard to its advantages and specific complications and to compare it with the 
traditional laparoscopic technique by means of a registry analysis, a matched 
cohort analysis and a randomized clinical trial. In this review, the authors 
discuss these results in the context and with the existing literature.

research frontiers
During the uncontrolled implementation and distribution of LC in the early 
1990s, the benefits of the new procedure were unknown and the rate of bile 
duct injuries increased. Hence, the implementation of TVC as a new technique 
needed to be scientifically controlled and critically supervised.

Innovations and breakthroughs
The authors succeeded in continuously evaluating a new surgical technique by 
a registry analysis, a matched cohort analysis and a randomized clinical trial. 
Therefore, they could show the feasibility of TVC with a low conversion rate 
and a low complication rate. Access specific complications exist with injuries 
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of the bladder and rectum as well as urinary tract infections. In comparison to 
LC and needlescopic 3-trocar cholecystectomy, respectively, TVC leads to less 
postoperative pain despite less postoperative analgesic consumption, better 
quality of life in short-term and higher satisfaction with the aesthetic result even 
in long-term. The complication rate is not significantly different and TVC has no 
significant influence on sexual intercourse regarding to satisfaction and pain.

Applications
According to the authors’ research, TVC is a feasible and safe procedure with 
benefits most notably in regard to less postoperative pain.

Terminology
TVC means a laparoscopic Hybrid-NOTES procedure in which the gallbladder 
is removed by a transvaginal access with the assistance of a transumbilical 5 
mm-trocar.

Peer-review
Congratulations to the authors on a very good paper on this relatively new 
topic. This paper is for the most part all written with good information. There are 
certainly limitations to the database data for example, but this is addressed in 
the manuscript.
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Abstract
This report describes a rare case of hilar cholangio-
carcinoma with intratumoral calcification that mimicked 
hepatolithiasis. A 73-year-old man presented to a 
local hospital with a calcified lesion in the hepatic 
hilum. At first, hepatolithiasis was diagnosed, and he 
underwent endoscopic stone extraction via  the trans-
papillary route. This treatment strategy failed due 
to biliary stricture. He was referred to our hospital, 
and further examination suggested the existence of 
cholangiocarcinoma. He underwent left hepatectomy 
with caudate lobectomy and extrahepatic bile duct 
resection. Pathological examination revealed hilar 
cholangiocarcinoma with intratumoral calcification, while 
no stones were found. To the best of our knowledge, 
only one case of calcified hilar cholangiocarcinoma has 
been previously reported in the literature. Here, we 
report a rare case of calcified hilar cholangiocarcinoma 
and reveal its clinicopathologic features.

Key words: Cholangiocarcinoma; Klatskin tumor; 
Calcification; Lithiasis; Differentiation
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Group Inc. All rights reserved.

Core tip: Our report describes an extremely rare case of 
hilar cholangiocarcinoma with intratumoral calcification. 
Imaging findings of this case were confusingly similar to 
those of hepatolithiasis, and it was extremely difficult to 
make an accurate diagnosis using available radiological 
findings. We performed pathological examination and 
observed hilar cholangiocarcinoma with intratumoral 
calcification. We herein report a rare case of calcified 
hilar cholangiocarcinoma and reveal its clinicopathologic 
features.
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INTRODUCTION
Calcification in the hepatic hilum is commonly caused 
by hepatolithiasis, which is defined as the presence of 
bile stones in the bile ducts proximal to the confluence 
of the right and left hepatic ducts[1]. The incidence of 
hepatolithiasis is as high as 18%-45% of patients with 
gallstone disease in East Asia[1], and the disease has 
become more prevalent in Western countries due to 
an increase in migrants from endemic regions[2,3]. By 
contrast, hilar cholangiocarcinoma with intratumoral 
calcification is an extremely rare cause of calcification 
in the hepatic hilus, with only one previously reported 
case in the English literature[4]. 

Although imaging findings are quite similar, the 
differential diagnosis between hepatolithiasis and 
calcified Klatskin tumor is crucial because of their 
different prognoses. We present a rare case of calcified 
hilar cholangiocarcinoma mimicking hepatolithiasis.

CASE REPORT
A 73-year-old man was admitted to a local hospital for 
investigation of a calcified lesion in the hepatic hilum 
associated with a dilated left intrahepatic bile duct. 
He initially received a diagnosis of hepatolithiasis. 
Endoscopic stone extraction via the trans-papillary 
route was attempted but was unsuccessful due to 
stricture of the left hepatic duct. He was referred to 
our hospital for further examination. 

On admission, a blood test revealed mild elevation 
of carbohydrate antigen 19-9 (46.3 U/mL), though 
no elevation of carcinoembryonic antigen. All other 
laboratory findings, including serum concentrations 
of total bilirubin, aspartate aminotransferase, alanine 
aminotransferase, alkaline phosphatase and γ-glutamyl 
transpeptidase, were within normal ranges. Hepatic 
ultrasonography showed a 33.5 mm × 26.5 mm 
intraductal mass at the confluence of the right and left 
hepatic duct. In addition, a highly echogenic mass with 
posterior acoustic shadowing was observed, suggesting 
a calcified lesion (Figure 1). Enhanced multi-detector-
row computed tomography (CT) revealed marked 
dilatation of the left intrahepatic bile ducts upstream 
from the calcification and enhancement of the bile duct 
wall distal to the calcification (Figure 2). Endoscopic 
retrograde cholangiography (ERC) showed significant 
biliary stricture and disruption at the left hepatic duct, 
but no defect area (Figure 3). Furthermore, biopsy of 
the left hepatic duct was suggestive of adenocarcinoma. 

Based on these findings, we diagnosed hilar 
cholangiocarcinoma complicated by the hepatolithiasis 
and decided to perform left hepatectomy with caudate 
lobectomy and extrahepatic bile duct resection. The 
patient underwent the scheduled operation. The 
operative time was 625 min, and the total blood loss 
was 1165 mL. No blood transfusion was required. 

On histopathological examination, the tumor was 
found to have spread from the hepatic hilum to the 
left hepatic duct. The tumor was mucus-secreting 
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RHD
LHD

Figure 1  Finding of ultrasonography. Transverse ultrasonography shows a 
highly echogenic mass (arrow head) with posterior acoustic shadowing (arrow) 
at the confluence of the right and left hepatic duct. RHD: Right hepatic duct; 
LHD: Left hepatic duct.
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Figure 2  Findings of computed tomography. A: Plain transverse computed 
tomography (CT) reveals a high-density area at the liver hilus (arrow head) with 
dilated left intrahepatic bile ducts (arrows); B: Sagittal plane of enhanced CT 
shows the perihilar high-density area (arrow head). PV: Portal vein; IVC: Inferior 
vena cava; CBD: Common bile duct.



and very hard, measuring 28 mm × 21 mm. It was 
a nodular-infiltrating type cholangiocarcinoma mainly 
existing in the perihilar bile duct with an abundance of 
fine calcification. No stones were found by the gross 
examination in the hilar lesion (Figure 4). 

A regional lymph node in the hepatoduodenal 
ligament was invaded by tumor cells. Microscopically, 
this tumor was a gastric foveolar type adenocarcinoma 
and was rich in mucus. On the other hand, the 
majority of the calcified material was located within or 
replaced the tumor glands (Figure 5).

The postoperative course was uneventful, and 
the patient was discharged 21 d after surgery. At 7 
mo after the surgery, the patient was well, without 
evidence of a recurrence of the disease. 

DISCUSSION
This case report represents an unusual calcified hilar 
cholangiocarcinoma, which mimicked hepatolithiasis in 
clinical findings. To the best of our knowledge, there is 
only one article describing calcified Klatskin tumor in 
the literature[4]. 

The typical cause of calcified lesion in the porta 
hepatis is a calculus; in patients with primary calcium 
bilirubinate hepatolithiasis, stones are frequently 
located in the large bile ducts, such as the main 
hepatic ducts[5]. Histologically, in patients with 
hepatolithiasis, fibrotic changes in the bile duct walls 
and periductal hepatic parenchyma are often seen 
and lead to stricture formation[6,7]. Furthermore, 
hepatolithiasis is closely associated with concomitant 
cholangiocarcinoma with an incidence of approximately 
5%[8], and this malignant lesion is also associated 
with biliary stricture[3]. Thus, among patients with 
hepatolithiasis, a calcified lesion is often associated 
with a biliary stenosis lesion caused by periductal 
fibrosis or cholangiocarcinoma[3]. 

In the present case, initial imaging findings showed 
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Figure 3  Finding of endoscopic retrograde cholangiography. Cholan-
giography via the trans-papillary route shows marked biliary stricture and 
disruption at the left hepatic duct (arrows), but no defect area. 
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Figure 4  Macroscopic findings. A: Opened bile duct of the resected 
specimen. The left hepatic duct is highly obstructed; B: Gross appearance of 
the cut surface of the resected liver shows a gray-white tumor measuring 28 
mm × 21 mm in the hepatic hilum to the left hepatic duct, while no stones are 
found in the hepatic hilum. CBD: Common bile duct; LHD: Left hepatic duct; 
LPV: Left portal vein.

A

B

Figure 5  Histopathological findings (hematoxylin and eosin staining). 
A: Microscopic examination reveals a mucus-secreting, gastric foveolar type 
adenocarcinoma with numerous fine calcifications (arrows) (bar = 200 µm); 
B: The calcified material (arrows) is located in the mucus (arrow head) in the 
tumor glands (bar = 50 µm).
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COMMENTS
Case characteristics
A 73-year-old man presented with an asymptomatic calcified lesion in the 
hepatic hilum.

Clinical diagnosis
Upon physical examination, the patient had no clinical abnormality. 

Differential diagnosis
Hepatolithiasis.

Laboratory diagnosis
A blood test revealed mild elevation of carbohydrate antigen (CA) 19-9 (46.3 
U/mL), while metabolic panel and liver function test were within normal limits.

Imaging diagnosis
Ultrasonography/computed tomography revealed a highly echogenic mass or 
high-density area at the hepatic hilum with dilated left intrahepatic bile ducts. 

Pathological diagnosis
Pathological examination revealed a nodular-infiltrating type cholangio-
carcinoma mainly in the perihilar bile duct with abundance of fine calcification.

Treatment
The patient underwent left hepatectomy with caudate lobectomy and 
extrahepatic bile duct resection.

Related reports
Hilar cholangiocarcinoma with intratumoral calcification is an extremely rare 
cause of calcification in the hepatic hilum, with only one previous case report in 
the English literature. 

Term explanation 
Dystrophic calcification refers to the macroscopic deposition of calcium salts in 
injured tissues. 

Experiences and lessons
This case report describes a rare case of calcified hilar cholangiocarcinoma 
and reveals its clinicopathologic features. Imaging findings of this case were 
confusingly similar to those of hepatolithiasis, and it was extremely difficult to 
make an accurate diagnosis based on available radiological findings.

Peer-review
This article highlights the clinical characteristics of calcified hilar cholangio-
carcinoma and discusses the pathogenic mechanism of this calcification.
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