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ABSTRACT

Adefovir dipivoxil, an oral prodrug of adefovir, is used in the treatment of lamivudine-resistant hepatitis B virus (HBV) infection.
Nephrotoxicity manifesting as proximal renal tubular dysfunction and acute tubular necrosis (ATN) were commonly reported in
the past, when higher doses were used for the treatment of human immunodeficiency virus infection. However, nephrotoxicity
is rare at lower doses that are currently recommended for the treatment of HBV infection. A 31-year-old female was detected to
be hepatitis B surface antigen positive months after a kidney transplant. The patient was initiated on lamivudine, but developed
resistance after 1 year of treatment, at which time low-dose adefovir was added. The patient developed renal allograft dysfunction
after 10 months of starting adefovir. Serum creatinine increased from 1.1 mg/dl to 1.9 mg/dl, along with progressively increasing
sub-nephrotic proteinuria. Renal allograft biopsy revealed features of ATN. After discontinuation of adefovir, proteinuria resolved
and renal dysfunction improved slowly over the next 2 years. Adefovir-induced nephrotoxicity, although uncommon at lower
doses, needs to be considered in the differential diagnosis of renal dysfunction and sub-nephrotic proteinuria occurring in patients

receiving adefovir for prolonged periods.
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Introduction

Effective treatment of hepatitis B virus (HBV) in renal
transplant recipients is required to prevent active
viral replication and progression of liver damage.?!
Lamivudine has traditionally been considered to be the
drug of choice for post-transplant HBV infection due to
its efficacy and safety.”®! However, there is an increasing
incidence of lamivudine resistance due to selection of
tyrosine-methionine-aspartate-aspartate (YMDD) mutants
after long term therapy with lamivudine.™ Adefovir
dipivoxil, an oral prodrug of adefovir, is one of the agents
effective against lamivudine-resistant HBV. Nephrotoxicity
manifesting as proximal renal tubular dysfunction and
acute tubular necrosis (ATN) were commonly reported,
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when higher doses (60-120 mg/day) of adefovir were
used for the treatment of human immunodeficiency virus
(HIV) infection in the past.'™ However, nephrotoxicity
is quite rare at lower doses (10 mg/day) currently
recommended for the treatment of HBV infection. In this
report, we describe the occurrence of adefovir-induced
ATN in a renal allograft recipient who was treated with
adefovir 10 mg daily for lamivudine-resistant HBV
infection.

Case Report

A 31-year-old female with end-stage renal disease
due to immunoglobulin A nephropathy underwent
living-related kidney transplantation in May
2006, with mother as voluntary kidney donor. The
human leukocyte antigen was haplomatch and
pre-transplant complement-dependent cytotoxicity
cross-match was negative. Her pre-transplant HIV
enzyme-linked immunosorbent assay, hepatitis B
surface antigen (HbsAg) and anti-hepatitis C virus
serology was negative. She did not receive induction
immunosuppression. There were no intraoperative or
postoperative complications. She did not require blood
transfusion during surgery. She was on prednisolone,
cyclosporine and azathioprine for maintenance
immunosuppression and reached a nadir serum
creatinine of 0.7 mg/dl on the 5% postoperative day.
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She was detected to have BK viremia 1 month after
the transplantation without graft dysfunction and
was initiated on leflunomide 20 mg once daily. Her
cyclosporine dose was gradually reduced from an initial
dose of 150 mg twice daily in 2006 to 75 mg twice a day
in 2007 and 25 mg twice daily in 2008. The same dose
of cyclosporine was continued henceforth along with
7.5 mg of prednisolone, 100 mg azathioprine and 20 mg
leflunomide. She had a stable graft function with serum
creatinine of 1.1 mg/dl on this immunosuppression.

Fifteen months after the transplantation, she was
incidentally detected to have deranged liver enzymes with
aspartate aminotransferase and alanine aminotransferase
levels of 60 IU/ml and 87 IU/ml, respectively. On further
evaluation, she was detected to be HbsAg positive with
HBV deoxyribonucleic acid titers of 2 x 10° IU/ml. She
was initiated on lamivudine 100 mg once daily. The HBV
DNA titers decreased to 466 IU/ml after 6 months. But on
repeat evaluation a year later, HBV titers had rebounded
to 1 x 107 IU/ml despite good compliance. In view of
lamivudine resistance, she was advised to change to
entecavir. However due to financial constraints, adefovir
10 mg once daily was added to lamivudine in August 2008.
Her serum creatinine then was 1.1 mg/dl, with normal
24-h urine protein excretion. Her other medications
included calcium carbonate, calcitriol, amlodipine,
atorvastatin and leflunomide, apart from maintenance
triple immunosuppression.

After the addition of adefovir, her HBV DNA titers
decreased to 79 IU/ml. However, there was slow
deterioration of renal allograft function with serum
creatinine increasing to 1.5 mg/dl after 10 months
of adefovir and then to 1.9 mg/dl after 26 months
of adefovir therapy. Simultaneously, there was
progressive increase in 24-h urine protein excretion
to 847 mg/dl. Her serum phosphorus was 3.1 mg/dl
(normal range: 2.5-4.6 mg/dl) and serum bicarbonate
was 24 meq/L. The urine pH was 7.0 with no glycosuria
on dipstick analysis. BK virus polymerase chain reaction
in blood was negative. No changes in immunosuppression
were made during this period.

A renal biopsy was performed, which revealed a core
of renal tissue with 12 glomeruli, of which 3 were
obsolescent. The remaining glomeruli displayed mild
increase in mesangial cellularity. There were focal areas
of ATN with regenerative changes of tubular lining
epithelium, along with interstitial edema and mild
interstitial infiltrates of mononuclear cells [Figure 1].
There was no evidence of rejection. Immunofluorescence
staining did not reveal any immune deposits. C4d staining
of peritubular capillaries was negative.
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Figure 1: Renal allograft biopsy revealing features of acute tubular necrosis.
Biopsy showing tubular cell swelling (arrow head), cell necrosis with
denudation of the basement membrane (thin arrows), and thinning of the
brush-border (thick arrow)

The possibility of adefovir-induced ATN was considered
and adefovir was replaced with entecavir. At the
subsequent visit 6 months later, proteinuria had resolved
completely to 89 mg/day, while serum creatinine
improved to 1.4 mg/dl. Over the next 18 months, renal
function continued to improve with serum creatinine
reaching the baseline of 1.2 mg/dl [Figure 2]. However,
since the patient did not achieve adequate viral
suppression with entecavir at doses recommended in the
setting of lamivudine resistance and due to lack of safer
alternatives, tenofovir disoproxil fumarate was added
to entecavir, with close monitoring of serum creatinine
and tubular function. At the last follow-up, the patient
is having stable renal allograft function with negative
HBV DNA titers.

Discussion

Adefovir dipivoxil is an oral prodrug of adefovir that
is effective against lamivudine-resistant HBV mutants.
Adefovir was originally developed as an antiretroviral
agent for HIV at a dosage of 60-120 mg daily, but was not
preferred later due to high incidence of nephrotoxicity,
occurring in 22-50% of patients.’™ Subsequently it was
found that adefovir was effective against HBV in much
lower dosages and was approved for treatment of the
same in 2002 at a dosage of 10 mg daily. The active
intracellular metabolite, adefovir diphosphate causes
inhibition of both reverse transcriptase and HBV DNA
polymerase and is incorporated into DNA causing chain
termination, accounting for its therapeutic effects.

The drug gets concentrated within the renal proximal
tubular cells due to active uptake from the blood by the
human organic anion transporter-1.[% It is then secreted
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Figure 2: Timeline of renal dysfunction and urinary protein excretion in relation to adefovir initiation. (Adef: Adefovir; ATN: Acute tubular necrosis;

Ente: Entecavir; Lam: Lamivudine; Ten: Tenofovir)

into the urine by multi-drug resistant protein located at
the apical side of proximal tubular cells. Adefovir acts as a
mitochondrial toxin due to its ability to inhibit the human
mitochondrial DNA polymerase gamma.!”! This can lead
to impaired mitochondrial replication with mitochondrial
loss and dysfunction, with resultant impairment of
oxidative phosphorylation and cellular damage.

In the initial 1-year registration trials for HBV infection,
the frequency of grade I nephrotoxicity (defined as
serum creatinine 0.5 mg/dl above baseline values)
was similar in adefovir-treated and placebo-treated
patients (0% vs. 0%).5% However, long-term studies
reported that adefovir-induced nephrotoxicity occurred
in a small proportion of patients even at lower dosages.
For example, in a cohort of 125 patients with chronic
hepatitis B e antigen (HBeAg)-negative hepatitis B
treated with adefovir for 5 years, the frequency of serum
creatinine elevations that were 0.5 mg/dl above baseline
was 3%.19 Similarly, 8% of the 65 patients who were
HBeAg-positive and receiving adefovir for 5 years had
reversible creatinine elevations, 5% had albuminuria,
and 3% developed hypophosphatemia.*

From these observations, it is clear that the nephrotoxicity
of adefovir is both dose- and time-dependent. The typical
clinical pattern of adefovir nephrotoxicity is characterized
by slow rises in serum creatinine and decreases in serum
phosphate levels, occurring 4-12 months after starting
therapy. This can be associated with Fanconi-like renal
tubular acidosis. The nephrotoxicity is usually reversible
if therapy is stopped promptly.

In our patient, the pattern of nephrotoxicity was similar, as
characterized by a gradual and progressive rise in serum
creatinine along with tubular-range proteinuria over a
period of 2 years. The renal biopsy revealed characteristic
features of ATN such as thinning of the brush-border,
tubular cell swelling and cell necrosis with denudation
of the basement membrane. The other findings noted
such as mild increase in mesangial cellularity, interstitial
edema and mild interstitial infiltrates were not significant
enough to suggest an alternative diagnosis. There was no
evidence of tubulitis or peritubular capillaritis to merit
a diagnosis of graft rejection. A review of the patient’s
medications did not reveal any confounding agent. The
serum level of cyclosporine was < 25 ng/ml, thus making
calcineurin nephrotoxicity highly unlikely.

On withdrawal of adefovir, there was prompt resolution
of proteinuria and improvement in serum creatinine
to 1.4 mg/dl. However, the serum creatinine reached
baseline only after a period of around 2 years. Delay
in recovery of renal function following withdrawal of
adefovir has been described previously.™!?! For example,
in a randomized, double-blind, placebo-controlled
multicenter trial with 12 months’ follow-up among
HIV-infected patients, 253 patients were assigned to
adefovir 120 mg once daily.”» Among 17.2% patients
who developed adefovir nephrotoxicity, the median time
to resolution of proximal renal tubular dysfunction was
15 weeks and in 16% of patients, the renal function did
not recover completely even at 41 weeks after onset of
nephrotoxicity.® Considering that the above study was
conducted in patients with native kidneys, further delay
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in recovery of ATN can be expected in renal allograft
recipients. For instance, in a report of adefovir-induced
ATN in a renal allograft recipient, the renal function
continued to worsen after discontinuation of adefovir,
even though other markers of proximal tubular
dysfunction resolved at 4 months after discontinuation.™?
Delay in recovery of ATN following delayed graft function
has also been reported in renal allograft recipients.!

Our patient did not have features of proximal renal
tubular acidosis or hypophosphatemia, illustrating that
all features of nephrotoxicity need not manifest in a
particular patient. Thus, a high index of suspicion is
required to diagnose adefovir nephrotoxicity.

The occurrence of adefovir nephrotoxicity in renal
allograft recipients has been reported rarely. In a series
of 11 renal transplant recipients who received adefovir
for lamivudine-resistant chronic HBV infection, at
2 years after starting adefovir, there was a significant
increase in serum creatinine from 125 (+35) to
141 (£32) umol/1, (P = 0.02) and a significant increase
in 24-hour proteinuria.” In another case series involving
14 renal transplant recipients who were on adefovir,
four patients (29%) developed renal dysfunction due to
presumed adefovir nephrotoxicity.**!

Conclusion

Adefovir-induced nephrotoxicity, although uncommon
at lower doses, needs to be considered in the differential
diagnosis of renal dysfunction and sub-nephrotic
proteinuria occurring in patients receiving adefovir for
prolonged periods.
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