
Nasopharyngeal Carcinoma – 
Molecular Biology & Biomarkers 

Professor, Department of Clinical Oncology 
Medical Director (Oncology), Phase I Clinical Trial Centre 
Prince of Wales Hospital 
Chinese University of Hong Kong 

Brigette Ma 



DISCLOSURES

For Brigette Ma

• Novartis – Research grant, advisory board

• MSD, BMS – speaker tour, advisory board

• Merck Serono – Research grant, advisory board

• Boerhinger Ingelheim – advisory board

• Roche – speaker tour



Histological classification of NPC 
Non-keratininzing, 

differentiated 
subtype.   

Non-keratinizing undifferentiated 
subtype, EBER+ve 

Keratinizing 
squamous subtype 

Basaloid squamous 
subtype 

Papillary features 

Tumours of the nasopharynx, JKC Chan, Chapter 2 
https://www.iarc.fr/en/publications/pdfs-online/pat-gen/bb9/bb9-chap2.pdf 



Tumorigenesis 
model of NPC 

KW Lo, G Chung & KF To. Seminars in Cancer Biology 22 (2012) 79– 86 

Tumor stromal microenvironment: 
immune, hypoxia and angiogenesis 

Role of Epstein Barr Viral infection 

Inactivation of tumor suppressor genes 
• Cell cycle regulators: p16, RASSF1A 
• Cadherins and matrix matelloproteinases 
• Wnt/β-catenin signaling pathway 
• RAS signaling pathway 

Oncogenes activation:  
• Most frequent: CCDN1 (16% amp), PIK3CA 

(20% amp), LTBR (7-10% amp) 



1) Patients show 
elevated anti-EBV ABs 
& circulating EBV 
DNA.  

2) Consistent presence 
of EBV genome +ve 
monoclonal episomes. 

3) Presence of EBV in 
high grade pre-
invasive lesions. 

4) EBV latent gene 
expression 

Pathogenic role of EBV - Evidence 

LS Young et al. Nat Rev Cancer. 2016 Dec;16(12):789-802 
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   EBV infection of epithelial cells 

EBV 

EBNAs LMPs 
BARTs 

Virus latency/transformation 

Epithelial cell unable to 
differentiate - 

Squamous basal cell 
Stem cell 

Initiated cell 
  (Bcl2, ∆Np63, cyclin 

D, 
3p/9p loss?) 

Virus replication 

Normal differentiating  
squamous epithelial cell 

Courtesy Prof 
Lawrence Young 

Restricted EBV latent 
gene expression - 
EBNA1, LMPs,   BART 
miRNAs, BARF1. 



Type II EBV latent gene expression in NPC 

EBERs 

LMP2A 

EBNA1 

LMP1 
Courtesy Prof 
Lawrence Young 

highly abundant 
latent non-coding 

RNAs, innate 
immunity  

Enhances cell 
survival & induces 
genetic instability 

Classic Oncogene 

LS Young et al. Nat Rev Cancer. 2016 Dec;16(12):789-802 

Promote anti-
apoptotic signals by 

mimicking BCR 
functions 



Translational research of EBV in NPC – 
clinical applications 



First Report on the Whole Exome Sequencing 
WES) of NPC from TCGA (2014) 

Lin et al, 46 | 8 | AUG 2014 Nature Genetics 
Chang 2015, Nature biotech, November 

• National University of Singapore 
• Whole-exome, targeted deep sequencing, 

SNP array analysis of ~ 60 primary NPC 
tumors 
 



WES Genomic landscape of NPC 

• Actionable RTK gene 
mutations/amp occur in 
low frequencies:  

• PIK3CA mutations 6% 
• Prevalence: < 1% 

– ERBB2/ERBB3 
mutation  

– KRAS mutation 
– AKT2 amplification 
– PTEN loss 

 
 

• Genetic alterations in 
chromatin modification and 
cell cycle regulation are 
most frequent  
 
 

Lin et al, 46 | 8 | AUG 2014 Nature Genetics 



Whole exome and genome sequencing of 
nasopharyngeal carcinoma 

 WES of 111 NPC microdissected primary and 
recurrent NPC. WGS of 15 primary tumors 

 Clonal analysis (n = 4 paired primary & recurrent 
tumors).  

 Clinical correlation: Overall survival, survival after 
recurrence. Stratified by LMP-1 status. 

 Mutational spectrum, somatic copy number alteration, 
structural variants. Functional analysis on candidate 
drivers/ TSG 
 

Principal Investigator:  
Kwok W. Lo, PhD, CUHK 
 
Collaborators:  
Broad Institute of Harvard and MIT 
University of Pittsburgh 
UCSF, San Francisco 
The University of Hong Kong 
Seoul National University, Sth Korea 
St. Luke's Medical Center, Philippines 



WGS/WES of NPC 
Mutational burden 

Bruce et al, J Clin Oncol 33. 2015 

Lo et al (Nature Commun 
2017): Somatic mutation 

rate: 1.9/Mb = 4-fold higher 
than TCGA data 

Prognostic significance  

Li…& KW Lo (Nature Commun 2017)  



Genomic landscape 

Li…& KW Lo (Nature Commun 2017)  



Actionable alterations are uncommon 
in NPC  

MSH6 and MLH1 mutations in two patients 



NF-kB pathway aberrations are 
common in NPC 

Dominated by CYLD, 
TRAF3, NFKBI and 
NLRC5 events 



MHC class 1 gene alterations are found in 
30% of NPC 



Semin Cancer Biology 22 (2012) 79– 86 

Epigenetic dysregulation plays important role 
in early pathogenesis of NPC 

Chr 3p & 9p: 
• Promoter 

hypermethylation and 
homozygous deletion 
of p16 in  >85% NPC 

• Hypermethylation of 
RASSF1A, DLEC1, BLU > 
60% NPC  

Chr 11, 13, 14, 16:  
• TSG Regulators of 

NKkappaB and other 
signaling pathways, 
Cadherin superfamily 
 



Mapping out the epigenetic alterations 
affecting signaling pathways in NPC 

• Prof Qian Tao, L Li and CUHK team 

• Methylnomic analysis of NPC cell lines & primary tumors 

• Identified over 2000 hypermethylated genes. 

• Functional analysis of tumor suppressor genes modulating key 
signaling pathways: Wnt, MAPK, TGF-β, Hedgehog and ErbB  

Epigenomics (2015) 7(2), 155–173 



NPC is the archetypal ‘immune-hot’ 
tumor 

Hegde Clin Cancer Res; 22(8); 1865–74. 2016 AACR 



Immune evasion 
in NPC 

 

Journal of Clinical Oncology 33, no. 29 (Octobe  
2015) 3346-335 



Programmed cell death-1 receptor and ligand 
(PD1/PD-L1) expression in NPC 
 PD-L1 is upregulated in EBV+ve 

NPC: Prognostic significance of 
PD-L1 expression in advanced 
NPC = conflicting.  

 Variable expression rate in 
literature 

← LMP-1 upregulates PD-L1 
via STAT3, MAPKs/AP-1, NF-
κB in vitro 

 

Fang 2014 Oncotarget;5(23):12189-202 

 EBV infection upregulates PD-L1 in vitro 
 

PD-L1 up-regulation after 
IFN-γ exposure ↓ 

 



Changes in the tumor microenvironment of primary NPC 
vs recurrent tumors following cytotoxic therapy 

• Paired primary and recurrent (local or distant) of mainly non-keratinizing NPC tumors in 95 
patients, who received cytotoxic therapy 

Chen et al 2017 Scientific Report | 7: 10349 | 

Pre-Rx Post-Rx 

Galectin-9 

CD8+ 

Foxp3 

Relapse-free survival curves 

Summary:  
1. The checkpoint protein 

Galectin-9/Tim-3 
pathway could be an 
important immune 
escape pathway in NPC 

2. TIL density is prognostic 

 



Waterfall plot: ‘deepness’ of response & 
relationship with PD-L1 (TC) 

Ma B, Lim WT, Goh BC et al. J Clin Oncol 36. © 2018  



PD-L1 HLA class 1 

Ma B, Lim WT, Goh BC et al. J Clin Oncol 36. © 2018  



• IgG4 PD-1 inhibitor  
• Monotherapy: 34% 
• Safe to combine with 

cisplatin-gemcitabine 
• TMB via WES 
• No relationship with 

outcome. Sample size 
could be underpowered 



Today’s talk 

• Molecular biology 
 

• Biomarkers (diagnostic, prognostic, predictive):  
– Biomarkers in clinical use: EBV-based   
– Biomarkers in research: immunological, gene 

signatures, micro-RNA, circulating tumor cells.  



Biomarkers in NPC 

EBV-related 
• EBER 
• Anti-EBV antibodies 
• Cell free circulating EBV 

DNA 

Non-EBV related 
• Immune 
• Gene signatures  



Quantitative Real-Time PCR for measuring tumor-
derived plasma EBV DNA 

Lo YMD, et al Cancer Res., 59: 1188-1191, 1999. 

 Lo YMD et al: using the DNA fragment that corresponds to the BamHI-W & EBNA-1 regions of EBV 
genome. Quantitative PCR using β-globin gene as control 

 Concordance between plasma & tumor derived EBV DNA. Monoclonal in origin, reflects tumor burden 
 Sensitivity 98%, specificity 93% c/w control 
 Half-life after RT or surgery: 4.4 days.  

 
 
 
 



Overall 
survival 

P < 0.0001 

Chan ATC…YMD Lo JNCI 
02;94:1614-9. 
 Leung SF et al Ann Oncol. 2014 
Jun;25(6):1204-8 

 Plasma EBV DNA level 
taken 6-8 weeks post RT: 
OS analysis using cutoff 500 
copies/ml. Relative risk for 
recurrence: 11.9 (5.5-25.4) 
 

Plasma EBV DNA as a prognostic 
marker of survival after CRT 

 Plasma EBV DNA level 
taken week 4 during RT: 
HR 12.02; 95% CI 2.78–
51.93, P = 0.0009), PFS 
(HR 4.05, 95% CI 1.89–
8.67, P = 0.0003). 

PFS 

P < 0.0009 



Plasma EBV DNA is a better discriminator of 
survival than TNM stage for stage I-II NPC 

•2 cohorts: N = 133 (‘93-4), N = 243 (‘97-00). T1-T2a received brachytherapy 
•Most = RT alone. 38 had cisplatin-RT 

Leung SF, et al. J Clin Oncol 24:5414-5418. 



Hong Kong NPC Study Group 0502 Trial  
 

• UICC (6th Ed) stage IIB, III, IVA or IVB 
NPC 

•  No clinical and radiological 
evidence of distant metastasis (M0) 

•  No clinical evidence of persistent 
loco-regional disease after RT or 
CRT  

 
• ECOG 0 or 1 
• Adequate organ function 

 
• Detectable plasma EBV-DNA (>0 

copy/ml) at 6-8 weeks after 
completion of  RT or CRT 

R
A
N
D
O
M
I
S
E 

Stratification: 
- RT vs CRT 
- Stage II/III vs IV 

EBV-DNA EBV-DNA
PET-CT PET-CT

(0 month) (6 months)

√
Adjuvant

Chemotherapy √

√ (Cisplatin-
gemcitabine x 6)

√

√ √

√ √

Treatment Arm

Arm 1

Arm 2

Clinical
Observation and

Surveillance





EBV DNA is prognostic but not predictive 

Recursive-partitioning Analysis 
(RPA) presented by Dr Hui (ESMO 
Asia 2017, oral, oncology Pro): 
 
• Low risk group: EBV DNA <50 

and stage II/III  (n=518), 5yr OS 
89.2% 

• Intermediate risk group: EBV 
DNA <50 and stage IV (n=155). 
5yr OS 78.3% 

• High risk group: EBV DNA ≥50 
(n=116). 5-year OS 42.2% (p < 
0.001). 

https://oncologypro.esmo.org/Meeting-Resources/ESMO-Asia-2017-Congress/Biomarker-analysis-of-randomized-controlled-trial-RCT-of-adjuvant-
chemotherapy-CT-using-plasma-EBV-DNA-to-identify-patients-pts-at-higher-risk-of-relapse-after-radiotherapy-RT-or-chemoradiation-CRT-in-
nasopharyngeal-cancer-NPC-336O 
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Randomized Phase II and Phase III Studies of 
Individualized Treatment for NPC Based on 
plasma EBV DNA 

https://clinicaltrials.gov/ct2/show/NCT02135042 

Stage II-IV NPC (M0) 

Cisplatin-5FU Gemcitabine-
paclitaxel 

Detectable pEBV DNA Post 
chemo-RT 

Undetectable pEBV DNA 
Post chemo-RT 

Observe Adjuvant 
cisplatin-5FU 



Screening Study for Early 
Detection of Nasopharynx Cancer 

https://www.lihs.cuhk.edu.hk/en-us/newsandevents/news.aspx?udt_524_param_detail=159 
KC Chan et al Cancer 2013 

• Pilot study: N = 1318 40-60yrs male 
subjects, 69 had detectable  pEBV 
DNA had NP scope. FU 2 yrs.  

• 3 confirmed NPC 
• Ongoing: 20,000 subjects 

https://www.lihs.cuhk.edu.hk/en-us/newsandevents/news.aspx?udt_524_param_detail=159
https://www.lihs.cuhk.edu.hk/en-us/newsandevents/news.aspx?udt_524_param_detail=159
https://www.lihs.cuhk.edu.hk/en-us/newsandevents/news.aspx?udt_524_param_detail=159


Stage Distribution and Progression-free Survival among 
the Participants with NPC Identified by Screening 

Chan KCA et al. N Engl J Med ;377:513-522 



Sensitivity and Specificity of the Two-Stage Screening Protocol for the 
Detection of Nasopharyngeal Carcinoma. 

Chan KCA et al. N Engl J Med ;377:513-522 



Practice 
guidelines 

•http://annonc.oxfordjournals.org/content/23/suppl_7/vii83.full.pdf+html 
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