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INTRODUCTION 

Tenofovir disoproxil fumarate (TDF) is an orally bioavailable pro-

drug of tenofovir.1 Tenofovir is a nucleotide analogue reverse tran-

scriptase inhibitor that has potent efficacy against retroviruses 

and hepadnaviruses.2 TDF was approved by the US Food and 

Drug Administration for the treatment of human immunodeficien-

cy virus (HIV) infection in 2001, and for the treatment of chronic 

hepatitis B (CHB) infection in 2008. It is now recommended as 

one of the first-line monotherapies for CHB, and as the ideal 

agent for CHB patients with lamivudine- or telbivudine-resistant 

variants.3

TDF has been found to be associated with dose-dependent re-

nal toxicity in animal studies.4 The first case of TDF-induced neph-

rotoxicity in a patient with HIV was reported in 2002.5 Since then, 

numerous case reports of TDF-induced nephrotoxicity in patients 

with HIV infection have been published, and it is now established 

that TDF carries a risk of tubular toxicity for HIV-infected pa-

tients.6 The clinical pattern of nephrotoxicity is characterized by 

slight increases in serum creatinine and decreases in serum phos-
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phate levels occurring 4-12 months after starting the agent. The 

renal toxicity of TDF appears to manifest as a proximal injury, and 

the clinical syndrome is a Fanconi-like renal tubular acidosis.7

Until now, severe or symptomatic nephrotoxicity in CHB patients 

receiving TDF therapy has been rarely reported,7 and data to date 

suggest that nephrotoxicity is less common in patients with hepa-

titis B virus (HBV) monoinfection.8 Several cases of Fanconi syn-

drome in CHB patients undergoing treatment with TDF have been 

reported since 2013.9,10 One case of TDF-associated Fanconi syn-

drome and nephrotic syndrome in a patient with HBV monoinfec-

tion was reported in 2015.11 Here, we report two cases of TDF-as-

sociated nephrotocixity. The previously published reports of TDF-

associated nephrotoxicity showed no evidence of underlying 

kidney disease. However, in our cases, there were histopathologic 

evidences of pre-existing subclinical kidney diseases even though 

the patients had shown normal kidney function before TDF thera-

py. Furthermore, our patients showed more severe renal dysfunc-

tion after short-term use of TDF.

CASES REPORT

First case (A)

A 76-year-old man with HBV-related liver cirrhosis was admit-

ted for acute renal dysfunction. There was no change in urine 

output. He was diagnosed with CHB in 1980 and hepatocellular 

carcinoma (HCC) in 2006. He was treated for HCC with transcath-

eter arterial chemoembolization (TACE), radiofrequency ablation 

(RFA), and percutaneous ethanol injection (PEI) from November 

2007 to October 2013. He was a HBeAg-negative CHB patient 

and had received TDF 300 mg daily for 5 months starting in July 

2013. His underlying conditions included hypertension diagnosed 

in 2005, and diabetes mellitus and hypothyroidism diagnosed in 

2010. He received propranolol 10 mg twice a day, gliclazide 60 

mg daily, losartan 50 mg daily, and levothyroxine 75 mcg daily. 

These medications had not been changed for several years, and 

his underlying conditions had been well controlled. He denied ex-

posure to adefovir, herbal medicine including Aristolochic acid, 

non-steroidal anti-inflammatory drugs (NSAID), glue sniffing or 

over-the-counter (OTC) drugs.

Before the patient started TDF, his serum creatinine was 1.08 

mg/dL and estimated glomerular filtration rate (eGFR) calculated 

by the Modification of Diet in Renal Disease (MDRD) equation 

was 66.5 mL/min/1.73m2 (Fig. 1A). Five months after commencing 

TDF, his serum creatinine level suddenly increased to peak at 4.32 

mg/dL and his eGFR was 13.4 mL/min/1.73m2. The fractional ex-

cretion of sodium was 5.16%. His serum HBV DNA was 33,600 

IU/mL at the time of TDF initiation and within 5 months of TDF 

treatment was undetectable. Before TDF was started, his serum 

aspartate aminotransferase (AST) was 87 IU/L and alanine amino-

transferase (ALT) was 38 IU/L. The serum albumin level was 2.9 

mg/dL and prothrombin time was 1.13 (international normalized 

ratio [INR]). When the patient was admitted because of renal dys-

function, the AST and ALT were slightly increased at 94 IU/L and 

48 IU/L, respectively. The serum albumin level was 2.7 mg/dL and 

Figure 1. Serum creatinine level and estimated glomerular filtration rate (eGFR) before and after discontinuing TDF in (A) Patient A and (B) Patient B. 
Both patients showed abrupt aggravation of renal function after TDF therapy and improvement following TDF discontinuation.
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prothrombin time was 1.05 (INR).

When the patient’s acute kidney injury (AKI) was discovered, he 

was evaluated to find the etiology of AKI. He had low serum 

phosphorus (3.2 mg/dL), low uric acid (3.4 mg/dL), low potassium 

(2.8 mg/dL) and low total carbon dioxide (16 mmol/L) levels. Al-

though his serum glucose level was less than 200 mg/dL, he had 

glycosuria (glucose 4+ on a urine dipstick). His urine pH was 5.5, 

and he had non-albuminuric proteinuria (urine protein/creatinine 

ratio 1.94, urine microalbumin/creatinine ratio 0.18). Serum pro-

tein electrophoresis showed polyclonal gammopathy. Parathyroid 

hormone and 25-hydroxyvitamin D levels were within normal 

range. Neither dual-energy X-ray absorptiometry nor the whole 

body bone scan were performed. Because of the sudden azotemia 

with hypophosphatemia, hypokalemia, metabolic acidosis, glycos-

uria and non-albuminuric proteinuria, we suspected proximal re-

nal tubular damage. Kidney Doppler ultrasonography was per-

formed to exclude other causes of AKI. Both kidneys had normal 

dimensions (right kidney 9.7 cm, left kidney 9.6 cm) and border-

line resistive index (right kidney 0.72-0.73, left kidney 0.66-0.73). 

No hydronephrosis was detected, and the urinary bladder ap-

peared unremarkable. Because of the patient’s non-albuminuric 

proteinuria, TDF toxicity was considered the most likely cause of 

AKI instead of diabetic or hypertensive nephropathy.

A renal biopsy was done and demonstrated chronic active tubu-

lointerstitial nephritis with focal global sclerosis of glomerulus. 

(Fig. 2A, B) We concluded that he previously had chronic intersti-

tial nephropathy associated with hypertension, and finally devel-

oped acute tubular necrosis after TDF treatment.

The patient was subsequently changed to entecavir (ETV) treat-

ment. Two weeks after stopping TDF and starting ETV, his serum 

creatinine had decreased to 1.76 mg/dL and his eGFR had in-

creased to 37.8 mL/min/1.73m2. Seven weeks after stopping TDF, 

Figure 2. Renal biopsy findings. (A) Patient A, PAS (periodic acid stain) ×200. (B) Patient A, electron microscopy. (C) Patient B, PAS ×200. (D) Patient B, 
electron microscopy. A renal biopsy of patient A revealed chronic active tubulointerstitial nephritis with focal global sclerosis. A renal biopsy of patient B 
revealed membranoproliferative glomerulonephritis (MPGN), suggestive of hepatitis-B-virus-associated glomerulonephritis, with acute tubular injury.
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the serum creatinine had fallen to 1.46 mg/dL and the eGFR had 

increased to 46.9 mL/min/1.73m2 (Fig. 1A).

Second case (B)

A 50-year-old man with HBV-related liver cirrhosis visited emer-

gency room complaining of lower extremity edema. He also com-

plained decreased urine output. He was diagnosed with HBeAg-

positive CHB and HBV-related liver cirrhosis 20 days before the 

event. The patient had been on TDF 300 mg daily for 17 days. He 

didn’t have other underlying conditions and denied exposure to 

adefovir, herbal medicine including Aristolochic acid, NSAIDs, 

glue sniffing or OTC drugs.

Before starting TDF, his serum creatinine was 0.91 mg/dL and 

eGFR calculated by MDRD equation was 88.2 mL/min/1.73m2. 

Seventeen days after starting TDF, his serum creatinine level 

abruptly increased to peak at 5.79 mg/dL and eGFR was 10.1 mL/

min/1.73m2 (Fig. 1B). His serum HBV DNA was greater than 

170,000,000 IU/mL before TDF initiation and subsequently de-

creased after antiviral treatment. At the time of TDF initiation, the 

serum AST was 69 IU/L and ALT was 25 IU/L. His serum albumin 

level was 2.6 mg/dL and prothrombin time was 2.03 (INR). When 

he visited our emergency room, the AST and ALT were 37 IU/L 

and 25 IU/L, respectively. The serum albumin level was 1.5 mg/dL 

and prothrombin time was 2.03 (INR).

The patient had high serum phosphorus (6.2 mg/dL), high uric 

acid (10.9 mg/dL), normal potassium (4.4 mg/dL) and low total 

carbon dioxide (17 mmol/L) levels. It was not typical for Fanconi-

like renal tubular acidosis. In urinalysis, his urine pH was 5.5 and 

he had heavy proteinuria (urine protein/creatinine ratio 6.72, urine 

microalbumin/creatinine ratio 3.26) and hematuria. Serum protein 

electrophoresis and immunoelectrophoresis showed polyclonal 

gammopathy. In kidney Doppler ultrasonography, both kidneys 

had normal dimensions (right kidney 11.22 cm, left kidney 12.02 

cm) and normal resistive index (0.63-0.74). Other urinary system 

revealed no abnormalities.

A renal biopsy was done to find the causes of azotemia. It dem-

onstrated membranoproliferative glomerulonephritis (MPGN), 

suggestive of HBV-associated glomerulonephritis, with acute tu-

bular injury. There were findings of variation of mitochondrial size 

due to TDF (Fig. 2C, D). Because the patient denied exposure to 

NSAIDs, herbs or OTC medications, it is reasonable to explain 

HBV-associated MPGN caused heavy proteinuria, hypoalbumin-

emia and edema, and tenofovir-associated nephrotoxicity is re-

sponsible of acute kidney injury.

He was subsequently switched to ETV treatment and showed 

improvement of renal function following TDF withdrawal. Two 

weeks after changing to ETV, his serum creatinine had decreased 

to 3.95 mg/dL and his eGFR was 16.2 mL/min/1.73m2. Six months 

after stopping TDF, the serum creatinine had fallen to 2.74 mg/dL 

and the eGFR had risen to 24.6 mL/min/1.73m2 (Fig. 1B).

DISCUSSION

Renal impairment has been a concern with TDF, based on the 

evidence from HIV-infected patients receiving TDF; however, to 

date, the problem appears to be less common in patients infected 

with HBV.12 In clinical trials of TDF, creatinine clearance remained 

stable over 3 years in more than 99% of patients with patients 

with CHB.13 In a European multicenter cohort study of TDF for pa-

tients with CHB, the proportion of patients with eGFR < 50 ml/

min/1.73m2 remained stable throughout the study, and major 

changes in renal function were minimal.14 In another TDF study, 

the median annual change in eGFR was much lower in HBV-in-

fected patients than in HIV-infected patients.15 Until now, TDF ex-

posure appeared to cause only a modest decrease in eGFR. How-

ever, our cases suggest that TDF can cause significant impairment 

in eGFR. This report makes clear that not only HIV-infected pa-

tients, but also CHB patients receiving TDF therapy are at risk of 

nephrotoxicity.

The renal proximal tubular cell is the main target of TDF toxicity, 

because the cell expresses membrane transporters that mediate 

TDF uptake. Current evidence suggests that TDF is toxic to mito-

chondria.16 Our first case is similar to the cases of TDF nephrotox-

icity in HBV- or, HIV-infected patients in that the patient had clini-

cal manifestations of proximal renal tubular dysfunction and 

histopathologic findings of acute tubular necrosis. Our second 

case didn’t show Fanconi-like renal tubular acidosis but there 

were histopathologic findings of acute tubular injury including mi-

tochondrial size variation. Our cases are somewhat different from 

the other cases, because there were no findings of mitochondrial 

depletion, or dysmorphic changes. The biggest difference is that 

our cases showed pre-existing kidney diseases. In spite of mild 

form of mitochondrial change, our patients demonstrated more 

severe renal dysfunction. It is reasonable to explain patients with 

pre-existing kidney diseases are more vulnerable to kidney injury 

associated with TDF.

In the previous reports for TDF-associated tubular complications 

in CHB patients, renal function was fully recovered in all four cas-
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es with TDF-associated Fanconi syndrome.9,10 However, renal 

function in our cases was not fully recovered to pretreatment lev-

el. Pre-existing kidney diseases may contribute to incomplete re-

covery of renal function. Furthermore, there are some reports of 

incomplete reversibility of TDF-related nephrotoxicity in HIV-in-

fected patients. Wever et al17 reported only 42% of patients 

reached their pre-TDF eGFR.

The risk factors for the development of TDF-associated nephro-

toxicity in HIV-infected patients have been identified. They include 

old age, male sex, low body weight, pre-existing renal impair-

ment, concomitant use of nephrotoxic medications, and comor-

bidities such as diabetes and hypertension.18 However, TDF-asso-

ciated nephrotoxicity can occur in patients without obvious risk 

factors and at highly variable times after the initiation of TDF.7 The 

Infectious Diseases Society of America (IDSA) has published offi-

cial recommendations for TDF use. It recommends that patients 

who are prescribed TDF and have an eGFR < 90 mL/min/1.73m2 

should be monitored at least biannually by checking serum creati-

nine, eGFR, serum phosphorus, and urine for proteinuria and gly-

cosuria.19

The European Association for the Study of the Liver (EASL) also 

has published guidelines on TDF monitoring for patients with HBV 

infection. It recommends measuring the baseline serum creatinine 

and eGFR before starting TDF. High-risk patients are those with 

decompensated cirrhosis, creatinine clearance < 60 mL/

min/1.73m2, hypertension, proteinuria, diabetes mellitus, glomeru-

lonephritis, organ transplant, and concomitant nephrotoxic drugs. 

EASL also recommends monitoring the serum creatinine, eGFR, 

and serum phosphate levels in all TDF-treated patients every 1-3 

months during the first year of treatment and every 3-6 months 

thereafter, depending on the patient’s kidney risk profile.20 Be-

cause TDF is recommended as a first-line therapy for CHB infec-

tion, it will be prescribed for a prolonged period to many patients. 

However, the long-term effects of TDF on kidney function are not 

yet certain. Close observation and monitoring for kidney function 

must be ongoing.

Furthermore, the short-term safety of TDF for CHB patients with 

underlying kidney diseases still needs further study, as shown in 

our cases. In HIV-infected patients, TDF-associated nephrotoxicity 

is not always a late onset complication. In a retrospective study of 

TDF-associated tubular complications in patients with HIV infec-

tion, 3 of 13 patients had been treated within 6 months when AKI 

occurred.21 Comparing our cases to previous reports, it is possible 

that nephrotoxicity was exaggerated by older age, pre-existing 

kidney disease or ethnic difference. In conclusion, short-term 

safety as well as long-term safety of TDF on kidney function in 

CHB patients with pre-existing kidney diseases should be studied 

further.

To the best of our knowledge, this is the report of rare cases of 

severe and symptomatic renal dysfunction in patients who were 

being treated with TDF for CHB infection. The first patient had a 

history of hypertension and hypertension-associated chronic inter-

stitial nephropathy, and the second patient had HBV-associated 

MPGN. A short period of time after starting TDF, their serum cre-

atinine level abruptly increased, and they were ultimately diag-

nosed with acute tubular injury as a result of TDF treatment. In 

other words, both cases had pre-existing subclinical kidney dis-

eases before TDF therapy. Therefore, when we start TDF we must 

evaluate the patients’ kidney status by not only serum creatinine 

or eGFR but also proteinuria, hematuria or glycosuria to find out 

the patients with subclinical kidney diseases. Furthermore, for the 

high-risk patients including who have subclinical kidney diseases, 

it is necessary to monitor urinalysis with routine check-up. Be-

cause presence of proteinuria or hematuria might be the clue for 

vulnerability to kidney injury associated with TDF. Also follow-up 

is needed more frequently than 1-3 months in such patients as 

suggested by EASL guideline.
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