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Adefovir dipivoxil (ADV) is commonly used as an anti-
viral agent in the treatment of chronic hepatitis B or 
human immunodeficiency virus infection. Nephrotoxicity 
has been shown to occur at daily dosages of 60-120 
mg. Fanconi’s syndrome is a generalized dysfunction 
of the renal proximal tubular cells, which is usually 
accompanied by complications. Here we report a case 
of Fanconi’s syndrome in a chronic hepatitis B patient 
who had been treated with a prolonged regimen of 
ADV at 10 mg/day. A 47-year-old man complained of 
severe back and chest-wall pain. He had chronic hep-
atitis B and had been treated with ADV at a daily 
dose of 10 mg for 38 months. He was hospitalized 
because of severe bone pain, and laboratory and ra-
diologic findings suggested a diagnosis of Fanconi’s 
syndrome with osteomalacia. After discontinuation of 
the ADV, he recovered and was discharged from 
hospital. His laboratory findings had normalized within 
2 weeks. This case indicates that Fanconi’s syndrome 
can be acquired by a chronic hepatitis B patient tak-
ing ADV at a conventional dosage of 10 mg/day. 
Therefore, patients treated with long-term ADV should 
be checked regularly for the occurrence of ADV-induced 
Fanconi’s syndrome. (Gut Liver 2010;4:389-393)
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INTRODUCTION

  Fanconi’s syndrome results from a generalized dysfunc-

tion of the proximal renal tubule causing impaired re-
absorption of amino acids, glucose, urate, bicarbonate, 
and phosphate and increased excretion of these solutes 
into the urine. The resulting electrolyte imbalance and os-
teomalacia cause symptoms of muscle weakness, fatigue, 
bone pain, and fractures.1,2

  Adefovir dipivoxil (ADV), the prodrug of adefovir and a 
structurally similar acyclic nucleoside analogue, is known 
to cause adverse events when used in the treatment of 
human immunodeficiency virus (HIV) infection at dosages 
of 60 to 120 mg/day and has been shown to exhibit 
nephrotoxicity, typically taking the form of a gradual in-
crease in serum creatinine with a concomitant decrease in 
serum phosphorus.3 However, when used at a dose of 10 
mg/day, ADV shows an adverse-event profile similar to 
that of a placebo over the course of 1 year.4

  Here we report a case of Fanconi’s syndrome in a hep-
atitis B virus (HBV) patient treated with ADV at a dose 
of 10 mg daily.

CASE REPORT

  A 47-year-old man visited the hospital for evaluation of 
multiple joint pain. He complained of severe back and 
chest wall pain as well as knee joint pain over the pre-
vious 6 months. The pain was initially dull and aching 
but worsened during physical activity, and it had gotten 
worse to the point that he could walk only with the as-
sistance of a cane. He was treated lamivudine during 20 
months and lamivudine-resistance M204V mutation was 
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Fig. 1. Laboratory test results before and after hospital 
admission. The graph shows a dramatic change in electrolytes 
after adefovir dipivoxil (ADV) discontinuation and phosphate 
replacement. The shaded area indicates the normal reference 
range.

Fig. 2. Technetium pertechnetate bone scan showing multifocal 
osteoblastic lesions involving the bilateral ribs, lumbar spine, 
hip joints, and ankle joints.

found. After that, he had been taking adefovir during the 
previous 38 months. At the time he began taking adefo-
vir, his laboratory findings were: alanine aminotransferase 
(ALT), 481 IU/L; HBe antigen positive; and HBV-DNA, 
2.1×107 copies/mL (bDNA assay, detection limit 2000 
copies/mL). Once ADV therapy began, the ALT was nor-
malized at 3 months, and HBV-DNA was undetectable at 
20 months. Medications at the time of evaluation in-
cluded zonisamide, carbamazepine, valproic acid, and clo-

nazepam prescribed for epilepsy, for which the patient 
had been diagnosed eight years earlier. Then there were 
no other health problems. On physical examination, he 
had normal muscle strength. He had tenderness over the 
lumbar spine area and anterior chest wall, but he did not 
show any neurologic symptoms.
  Analysis of his laboratory data revealed a serum sodium 
of 135 meq/L and chloride of 104 meq/L. He had a 
slightly elevated creatinine level of 1.35 mg/dL (normal 
range, 0.7-1.3 mg/dL). Serum bicarbonate was low nor-
mal (22.7 mEq/L), with an anion gap of 8.3, demonstrat-
ing a hyperchloremic non-anion gap metabolic acidosis. 
Mild hypokalemia (K of 3.3 mM; normal range, 3.5-5.0 
mM) was found. Serum albumin was 4.3 g/dL, calcium 
was low normal (8.5 mg/dL; normal range, 8.4-10.2 
mg/dL). A decline in serum phosphate to 1.3 mg/dL 
(normal range, 2.5-4.5 mg/dL) and a rise in ALP activity 
to 321 U/L (normal range, 38-126 U/L) was noted. In 
addition, we analyzed serial levels of serum phosphate 
and calcium by using stored samples with the consent of 
patient (Fig. 1). Urine studies revealed polyuria (over 4 
L/day). Glucosuria and proteinuria in the absence of hy-
perglycemia was noted. Therefore, given the presence of a 
hyperchloremic nonanion gap metabolic acidosis, hypo-
kalemia, hypophosphatemia, glucosuria, and proteinuria, 
we suspected acquired Fanconi’s syndrome in this patient. 
  Additional serologic and radiologic tests were per-
formed to confirm the diagnosis. The PTH level was nor-
mal (20 pg/mL; normal range, 10-65 pg/mL). Vitamin D 
levels were as follows: the 25(OH) vitamin D level was 
31.8 ng/mL (normal range, 9-52 ng/mL), and the 
1,25(OH)2 vitamin D level was 19.1 pg/mL (normal 
range, 15-60 pg/mL). A 24-hour urinary study showed an 
increased phosphate of 440 mg/day (normal range, 
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70-220 mg/day) and increased glucose excretion of up to 
5,068 mg/day (normal range, 500-1,500 mg/day). 
  The radiological evaluation included a technetium per-
technetate bone scan, which showed increased uptake in 
the lumbar spine, multiple ribs, both knees, and both an-
kle joints (Fig. 2). X-rays of these areas showed lumbar 
spine spondylosis and multiple rib fractures. Dual-energy 
X-ray absorptiometry (DXA) showed a decreased lumbar 
spine bone mineral density (BMD) of 0.316 g/cm2 
(T-score, −3.4) and a total hip BMD of 0.50 g/cm2 (T- 
score, −3.2).
  Because we excluded other causes, it was thought to be 
caused by interstitial nephritis secondary to the antiviral 
medication. So, the patient stopped adefovir and was 
treated with phosphate. Several laboratory parameters im-
proved, and the joint pain also decreased so that the pa-
tient no longer needed a cane for ambulation, and pain 
medication requirements decreased dramatically.
  Sixteen days after admission, the patient left the hospi-
tal with an oral phosphorus supplement. Two weeks after 
discharge, he was given follow-up blood tests, which 
showed that the serum creatinine was 0.92 mg/dL, potas-
sium was 4.8 meq/L, phosphorus was 2.4 mg/dL, serum 
bicarbonate was 25 meq/L, and the metabolic acidosis 
had resolved. The patient no longer reported bone pain.

DISCUSSION

  We have reported a case of Fanconi’s syndrome with 
complications in a chronic hepatitis B patient taking ade-
fovir at a dose of 10 mg per day. The patient demon-
strated several features of acquired Fanconi’s syndrome, 
including bone pain, pathologic fractures, electrolyte and 
mineral abnormalities, and evidence of renal tubular 
dysfunction.
  Fanconi’s syndrome results from a generalized dysfunc-
tion of the proximal renal tubule causing impaired re-
absorption of amino acids, glucose, urate, bicarbonate, 
and phosphate and an increased excretion of these solutes 
into the urine. The electrolyte abnormalities and osteope-
nia cause the symptoms of muscle weakness, fatigue, 
bone pain, and pseudofractures.1,2 Osteomalacia is com-
mon in Fanconi’s syndrome.5 Normal calcium, low phos-
phate, normal 25(OH) vitamin D and 1,25(OH)2 vitamin 
D levels, normal PTH, and elevated ALP imply renal 
phosphorus loss, which is characteristic of Fanconi’s 
syndrome. The bone scan pattern in this patients was fo-
cal and multiple, similar to the typical pattern of osteo-
malacia.6

  Drug-induced Fanconi’s syndrome is associated with 
the use of a number of medications and chemicals, in-

cluding aminoglycosides,7 valproate,8 methyl-3-chromone,9 
paraquat,10 L-lysine,11 tetracycline,12 and ifosfamide.13 
There have also been several cases reported of Fanconi’s 
syndrome in HIV patients treated with antinucleoside 
antiretrovirals.14-17

  Some mechanisms of drug-induced Fanconi’s syndrome 
have been suggested. The multidrug-resistance-associated 
protein 2 (Mrp2) superfamily of transporters has been lo-
calized on the luminal membrane of proximal tubule 
cells. Molecular biology has also identified organic anion 
transporters (OATs).18,19 Adefovir and cidofovir enter the 
renal cells on OAT1 and exit on Mrp2.20 The ATP-driven 
drug efflux pump Mrp2 is one transporter responsible for 
nucleoside phosphonate efflux from renal cells.21 Because 
Mrp2 mediates the efflux of adefovir from proximal tu-
bule cells, competitive interactions at the transporter may 
result in a reduced efflux, intracellular accumulation, and 
increased toxicity.22

  Nephrotoxicity associated with high doses of adefovir 
(60-120 mg) typically has a late onset and is dose depen-
dent. Data from a randomized double-blind comparison of 
ADV, at doses of 60 and 120 mg once daily, suggest that 
nephrotoxicity is less frequent with the lower dosage. Of 
a group of patients treated with 60 or 120 mg/day, 27% 
and 50%, respectively, had a serum phosphate level less 
then 2.0 mg/dL after 42 weeks of treatment, with an as-
sociated serum creatinine level increase of 0.5 mg/dL or 
more above baseline.23 On the other hand, it had been es-
tablished that adefovir at a dose of 10 mg/day does not 
appear to produce clinically significant nephrotoxicity. A 
long-term safety and efficacy study that examined a 
144-week trial showed only 4 patients (3%) with con-
firmed increases in serum creatinine that were greater 
than or equal to 0.5 mg/dL above pretreatment values. 
But no patient had confirmed serum hypophosphatemia 
while on ADV therapy.24

  In our literature review, we found a few report of se-
vere hypophosphatemia resulting from a conventional 
dose of 10 mg per day.25 For this reason, most clinicians 
do not include calcium and phosphorus in routine clinical 
monitoring for adefovir therapy. However, in this case, 
we found that Fanconi’s syndrome did occur with a con-
ventional dose. So all clinicians treating chronic hepatitis 
B patients with adefovir over a long period of time should 
carefully observe the patient’s symptoms and monitor re-
nal function and electrolytes, including calcium and phos-
phorus; if an adverse reaction like this is noted, an alter-
native drug should be considered (excluding tenofovir, 
which can cause similar problems).
  In addition to the antiviral agent, the patient had been 
taking valproic acid, which can cause Fanconi’s syndrome 
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by causing proximal tubular damage by the intracellular 
accumulation and concentration of valproate before its se-
cretion into the tubular lumen.26 Thus it is difficult to de-
termine with certainty whether the adverse reaction we 
observed occurred secondary to therapy with one of the 
drugs or possibly because of the combination of the two 
agents. We do not know why this patient experienced 
Fanconi’s syndrome with osteomalacia, but this may in 
part have been due to the delay in diagnosis despite early 
hypophophatemia. In addition, the use of valproate for 
the previous 8 years may have led to an underlying osteo-
malacia and synergistic nephrotoxicity. However, most of 
patients treated with valproate reported on in published 
studies have been severely disabled, bedridden, or wheel-
chair-bound children.27 With respect to this issue, per-
haps the most important fact of our case is that the pa-
tient’s clinical data and symptoms improved greatly after 
discontinuing adefovir while he was still taking valproic 
acid because of his epilepsy.
  In this case, we found that Fanconi’s syndrome can be 
acquired in a chronic hepatitis B patient taking adefovir 
at a conventional dose of 10 mg per day. We do not 
know exactly why only this patient has developed 
Fanconi’s syndrome with osteomalacia in response to the 
drug treatment. However, we propose that chronic hep-
atitis B patients who take adefovir over a long period of 
time should be checked with regular laboratory monitor-
ing, including tests of serum creatinine, phosphorus, and 
calcium. If the laboratory tests indicate that Fanconi’s 
syndrome is possible, we suggest replacing adefovir with 
a different antiviral agent other than tenofovir in order to 
prevent complications.
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