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ABSTRACT

Tenofovir disoproxil fumarate (TDF) is one of the first-line 
treatment options in chronic hepatitis B (CHB). Despite its 
efficacy in suppressing viral load and a high resistance barrier, 
long life maintenance therapy is required. Registration studies 
demonstrated TDF to be a safe drug. However, post-marketing 
experience reported cases of serious nephrotoxicity associated with 
hypophosphatemia, osteomalacia and, even more recently, Fanconi 
syndrome associated with TDF therapy in CHB monoinfected 
patients.

Here the authors report a case of a 40 year-old male, with a CHB 
monoinfection, that, three years after TDF therapy, developed a 
progressive chronic kidney disease with a serious hypophosphatemia 
and a secondary osteomalacia that was manifested by bone pain 
and multiple bone fractures. Further investigational analyses 
unveiled a proximal renal tubular dysfunction, which fulfilled most 
of the diagnostic criteria for a Fanconi syndrome. After TDF 
withdrawal and oral supplementation with phosphate and calcitriol, 
his renal function stabilized (despite not returning to normal), 
proximal renal tubular dysfunction abnormalities resolved as well 
as osteomalacia. In conclusion, physicians should be aware that, 
in CHB monoinfected patients under TDF therapy, serious renal 
damage is possible and preventable by timely monitoring serum 
creatinine and phosphate.
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INTRODUCTION

It is estimated that 400 million people worldwide are 
chronically infected with the hepatitis B virus (HBV). Oral 
treatment options, until the year 2000, were limited to a 
single agent, lamivudine. Since then, four newer oral agents 
have become available, adefovir, telbivudine, entecavir and 
tenofovir disoproxil fumarate (TDF). Although complete 
eradication of the virus is not yet possible, these newer 
agents have higher antiviral potency and higher genetic bar-
riers to resistance, particularly the latter two drugs, making 

them the first choice for oral treatment. Additionally, regres-
sion of fibrosis and even cirrhosis has been demonstrated 
with long-term treatment (1). Given these findings, patients 
with advanced liver fibrosis and cirrhosis will require life-
long treatment duration. Therefore, hepatologists should 
be familiarized with the safety profile of these drugs. The 
most common side effects of nucleos(t)ide analogues (NA) 
reported in chronic hepatitis B (CHB) treatment include 
potential effects on neuromuscular function, renal function 
and bone mineralization. Registration studies of TDF in 
the treatment of human immunodeficiency virus (HIV), 
demonstrated a good renal safety profile (2,3). Although 
uncommon, Fanconi syndrome has been reported almost 
exclusively in HIV infected patients treated with TDF in 
combination with other antivirals (4). Very recently, three 
cases of Fanconi syndrome were reported in CHB monoin-
fected patients under TDF (5,6).

CASE REPORT

We present a 40-year-old Caucasian male that was 
diagnosed with HBV monoinfection (HBeAg positive) 
since 2008 and medicated with TDF thereafter, achieving 
a total virological response (undetectable HBV DNA after 
six months of therapy). In August 2009, he had a serum 
creatinine (sCr) of 1.4 mg/dL (normal range: 0.7-1.3 mg/
dL), eGFR (estimated glomerular filtration rate) using 
CKD-EPI (chronic kidney disease epidemiology collab-
oration) of 64.6 mL/min/1.73 m2 and an alkaline phos-
phatase (ALP) of 224 IU/L (normal range: 38-126 IU/L) 
(Fig. 1A). Three years later (August 2012), his routine 
blood analysis showed a sCr of 1.5 mg/dL (eGFR = 58.6 
mL/min/1.73 m2), a severe hypophosphatemia (Fig. 1B)  
–serum inorganic phosphate (SPhos) of 1.3 mg/dL (normal 
range: 2.5-4.5 mg/dL) and an ALP of 217 IU/L. He referred 
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also a constant right hip pain without recognizing previ-
ous trauma. Hip joint magnetic resonance imaging (MRI) 
(Fig. 2A) demonstrated, in the femoral neck, the presence 
of an elongated area of hyposignal in T1 and hypersignal 
in T2 in the trabecular bone extending into the cortical 
bone, compatible with a recent fracture. Also, another 
fracture was evident extending into the greater trochanter 
of the femur. Serum desoxipiridinoline (a marker of bone 
turnover) levels were mildly increased (5.9 nmol; normal 
range: 2.3-5.4 nmol). Skeletal scintigraphy (Fig. 2B-D) 
revealed a diffuse osteoblastic hyperactivity located main-
ly in the lower limbs (right femur, right little trochanter 
and bilaterally in the costal arches). Further investigation 
revealed a mild vitamin D (25-OH-calciferol) deficiency 
(66 nmol/L; normal range: 75-250 nmol/L), hypercalciuria 
(449 mg/24 h; normal range: 100-300 mg/24 h), glycosuria 
(200 mg/24 h; normal range: 110-125 mg/dL) with normal 
serum glycose, increased uricosuria (1500 mg/24 h; nor-
mal range: 250-750 mg/24 h) and decreased serum urate 
(1.9 mg/dL; normal range: 3-5-8.5 mg/dL), non-nephrotic 
proteinuria (urinary protein/creatinine ratio: 294; normal 
range: < 200 mg/day) and an increased fractional excretion 
of phosphate (41%; normal range: 5%-18%). His serum 
potassium and parathyroid hormone concentrations were 
normal and the patient denied taking any other drug. Kid-
ney ultrasonography revealed the presence of two small 
kidneys with regular shape and an increased cortical echo-
genicity without signs of obstruction.

Given the suspected toxicity (Fanconi syndrome with 
chronic kidney disease and a secondary osteomalacia) 
induced by TDF, the drug was switched to entecavir. The 
patient was also medicated with oral supplementation with 
phosphate (40 mmol per day) and colecalciferol. Two 
years later, the patient had no osteoarticular pain, SPhos 

(Fig. 1B) and 25-OH-calciferol serum levels returned to 
normal, however, the renal damage was irreversible as his 
sCr remained elevated but stable (1.7 mg/dL) with a eGFR 
= 49.3 mL/min/1.73 m2 (Fig. 1A).

DISCUSSION

Tenofovir disoproxil fumarate, the oral prodrug of 
tenofovir, exhibits antiviral activities against HBV and 

Fig. 1. A. Renal function evolution since TDF initiation and withdrawal (eGFR using CKD-EPI: Estimated glomerular filtration rate using chronic kidney 
disease epidemiology collaboration; TDF: Tenofovir disoproxil fumarate). B. Serum inorganic phosphate levels since TDF initiation and withdrawal (dashed 
lines: Up and lower limits of normal; normal range: 2.5-4.5 mg/dL) (TDF: Tenofovir disoproxil fumarate).

Fig. 2. A. Right hip joint MRI. In the femoral neck, an elongated area 
of hyposignal in T1 (white arrow) in the trabecular bone extending into 
the cortical bone, compatible with a recent fracture. B-D. Skeletal scin-
tigraphy. An increased uptake of the radiodrug in the right and left 
little trochanter. At a lesser extent, a focal increased uptake in the ribs, 
sternoclavicular joint, elbows, wrists, hands, knees, tibio-tarsic joints, 
tarsal bones, little joints of both hands and feets.
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HIV. It is eliminated by glomerular filtration and tubu-
lar secretion in the kidney. The drug is actively uptaken 
from the bloodstream into the proximal tubule cells by 
the human renal organic anion transporters 1 and 3. The 
efflux from these cells into the tubular lumen is mediat-
ed by the multidrug resistance protein 4 (7). Excessively 
high intracellular tenofovir concentrations locally inter-
fere with the replication of mitochondrial DNA (8). The 
cause of renal tubular dysfunction in patients treated with 
TDF may be secondary to specific mitochondrial DNA 
toxicity within the proximal renal tubules (9,10). Although 
the efficacy of TDF seems to be similar between HBV 
monoinfected patients and HBV-HIV coinfected patients, 
it is to be expected that drug-related adverse events are dif-
ferent because the latter are probably exposed to numerous 
nephrotoxic drugs, such as different antivirals, antibiotics 
and nonsteroidal anti-inflammatory drugs (10). Also, HIV 
infection and opportunistic infections are associated with 
glomerular and/or tubulointerstitial damage. Fanconi syn-
drome with tubular phosphate loss and osteomalacia after 
supra-therapeutic doses of TDF are well demonstrated in 
animal models (11). In humans, increases in serum creati-
nine (> 0.5 mg/dL above baseline) and grade 2 (2.0-2.4 mg/
dL) hypophosphatemia have been described in less than 
1% of the patients treated with TDF after 96 weeks of 
follow-up (12). Isolated cases of osteomalacia secondary 
to a Fanconi syndrome have been reported in HIV patients 
(13-15). Until recently, not a single case of renal tubular 
dysfunction has been reported in the literature in the HBV 
monoinfected population.

Here, we report a case of a 40 year-old Caucasian male, 
HBV monoinfected, medicated with TDF since 2008. After 
three years on therapy, the patient exhibited an important 
decrease in his eGFR and a full-blown Fanconi syndrome 
(hypophosphatemia with increased fractional excretion of 
phosphate, hypercalciuria, glycosuria with normal glyce-
mia, hyperuricosuria with hypouricemia and vitamin D 
deficiency) consummated with a serious osteomalacia and 
multiple bone fractures (increased ALP, desoxipiridinoline 
levels, skeletal scintigraphy and MRI findings). Withdraw-
ing the offending drug and giving oral supplementation of 
phosphate and vitamin D were crucial measures, resolving 
the bone disorder and stabilizing renal function, however, 
the latter could not be restored to normal.

In order to avoid toxicity in HBV infected patients under 
TDF treatment, physicians need to be aware of coexisting 
risk factors for kidney toxicity (older age, diabetes mel-
litus, atherosclerotic disease and other co-medications). 

Regular monitoring of serum creatinine and phosphate is 
recommended by the manufacturer. Also, dose adjustments 
according to creatinine clearance are suggested. In conclu-
sion, despite being a rare and unpredictable adverse event, 
serious renal damage and Fanconi syndrome secondary 
to TDF can occur and should be preventable with timely 
measurements of serum creatinine and phosphate.
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