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Tenofovir-Associated Acute and Chronic Kidney
Disease: A Case of Multiple Drug Interactions
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Tenofovir therapy in patients with human immunodeficiency virus (HIV) infection has been associated with
acute renal failure (ARF) and Fanconi syndrome. In the past 2 years, we diagnosed tenofovir-associated ARF
in 5 HIV-infected patients who were receiving tenofovir therapy and who had classic findings of acute tubular
necrosis, and we compared findings for our patients with data on 22 patients described in the literature. The
mean serum creatinine level increased from 0.9 to 3.9 mg/dL, and it decreased to 1.2 mg/dL during recovery.
AREF resolved in 22 of 27 patients after discontinuation of tenofovir therapy. The most common drugs given
with tenofovir were ritonavir or lopinavir-ritonavir (21 of 27 patients), atazanavir (5 of 27 patients), and
didanosine (9 of 27 patients). Tenofovir-associated ARF manifests as acute tubular necrosis that may not
resolve with tenofovir withdrawal. Tenofovir is associated with multiple drug interactions, leading to an
increased risk of ARF. Frequent monitoring of renal function is warranted for any patient receiving these

combinations.

Patients with HIV infection are at increased risk of
drug-induced renal toxicity, most commonly associated
(TMP-SMZ),
pentamidine, or acyclovir treatment. Acute renal failure

with  trimethoprim-sulfamethoxazole

(ARF) has also been occasionally associated with receipt
of indinavir, ritonavir, adefovir, and cidofovir [1-5].
Tenofovir (Viread; Gilead) is a new nucleotide reverse-
transcriptase inhibitor used with other antiretroviral
agents for the treatment of HIV infection.

We report the diagnosis of tenofovir-associated ARF
in 5 patients during the past 2 years who had classic
acute tubular necrosis. Acute tubular necrosis was iden-
tified by urinary sediment with pigmented granular
casts or in renal biopsy specimens, examination of
which revealed the unique lesions due to karyomegaly
in proximal tubular nuclei. Incomplete recovery of re-
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nal function occurred in 3 patients. We report the clin-
ical features of our 5 patients, as well as those of 22
patients described in the medical literature. We suggest
a possible mechanism for ARF in these patients and
recommend monitoring guidelines.

METHODS

A literature search for published case reports involving
tenofovir and ARF was performed using the Medline
database (for articles published from 1990 through Jan-
uary 2005), with the following search terms: “teno-

» « » « » «

fovir,” “renal lesions,” “acute renal failure,” “Fanconi’s
syndrome,” and “tubular dysfunction.” Twenty-two
cases of tenofovir-related ARF were identified [6—14].
Complete patient medical and medication histories
were obtained from our 5 patients. Pertinent laboratory
tests were performed to exclude other causes of ARF;
tests included renal ultrasound, antinuclear antibodies,
antineutrophil cytoplasmic antibodies, C, and C, com-
plement, rapid plasma reagin, and determination of
anti-streptolysin O titers (performed for all patients),
as well as renal biopsy (performed for 1 patient). The
duration of follow-up for the 5 patients was 2-20

months.
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The glomerular filtration rate was calculated on the basis of
the 24-h creatinine clearance rate and/or the Cockroft-Gault
formula. Fanconi syndrome was characterized by abnormalities
in proximal renal tubular function resulting in glycosuria, with
normal serum glucose levels, phosphaturia, aminoaciduria, and
decreased serum bicarbonate levels [15]. Statistical analysis was
performed using Student’s ¢ test for paired and unpaired data.
A P value of <.05 was considered to be statistically significant.
Baseline data and clinical characteristics for all 27 patients are
shown in tables 1 and 2.

Table 1.
case reports.

CASE REPORTS

Patient 1.
level of 1.0 mg/dL and creatinine clearance rate of 74 mL/min
was admitted to the hospital with ARE Past medical history
was significant for AIDS of 4 years’ duration and chronic hep-

A 61-year-old man with a baseline serum creatinine

atitis B, with normal liver function test results prior to and at
admission and normal abdominal CT findings prior to ad-
mission. Medications received included atorvastatin, omepra-
zole, quetiapine, oxcarbazepine, and prophylaxis with azith-

Summary of baseline characteristics of our 5 patients and of patients described in other published

Duration of CD4*
TDF therapy, Lpv/Rtv cell count, HIV load,
Reference, patient months received Other drugs received X10° cells/L  copies/mL
Present study
Patient 1 16 Yes Didanosine, saquinavir 124 123
Patient 2 20 Yes Stavudine 195 <400
Patient 3 12 Yes Lamivudine, saquinavir 20 55,001
Patient 4 24 Yes Lamivudine, nevirapine 409 78
Patient 5 29 Rtv only  Atazanavir, lamivudine, efavirenz 9 <50
Creput et al. [6] 1 Rtv only  Atazanavir, didanosine, stavudine 318 10,965
Coca et al. [7] 1.5 Yes® Didanosine, abacavir, seroquel, NA NA
sertaline, trazodone
Dupont et al. [8] 14 Yes Zalcitabine, metformin 168 31,623
Gaspar et al. [9] 5 Yes Lamivudine 17 <200
Karras et al. [10]
Patient 1 7 Yes Abacavir NA NA
Patient 2 6 Rtv only  Didanosine, lamivudine, amprenavir NA NA
Patient 3 11 Yes Atazanavir, didanosine, lamivudine NA NA
Peyriere et al. [11]
Patient 1 7 Yes Lamivudine, efavirenz, pravastatin, 822 <20
fenofibrate
Patient 2 10 Yes Lamivudine, efavirenz, fenofibrate 252 <20
Patient 3 9 Rtv only  Didanosine, lamivudine, amprenavir 64 122,000
Patient 4 11 Yes Abacavir 480 <20
Patient 5 10 Yes Lamivudine, abacavir 647 <50
Patient 6 16 No Abacavir, nevirapine, ribavirin, 877 <80
pegylated IFN
Patient 7 1.25 No Abacavir, lamivudine 247 <20
Rifkin et al. [16]
Patient 1 9 No Atazanavir, abacavir NA NA
Patient 2 14 No Lamivudine, zidovudine, saquinavir NA NA
Patient 3 7 No Efavirenz, abacavir, amprenavir NA NA
Patient 4 15 No Atazanavir, didanosine, delaviridine NA NA
Patient 5 18 Yes Abacavir, efavirenz NA NA
Rollot et al. [12] 26 Yes Didanosine, lamivudine 87 13,000
Schaaf et al. [13] 2 Yes Stavudine, lamivudine 240 6800
Verhelst et al. [14] 5 Yes Didanosine, bactrim, fluconazole NA NA

NOTE. Lpv, lopinavir; NA, not available; Rtv, ritonavir; TDF, tenofovir.

@ Stopped 6 weeks prior to admission.
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Table 2. Clinical characteristics of patients who experienced acute renal failure.

Time to
follow-up Nephrogenic
Serum creatinine level, ma/dL of serum Potassium Bicarbonate Fanconi _dia_be_:tes _
Reference, creatinine level, level, disease  insipidus Biopsy
patient Baseline Maximum Recovery level mmol/L mmol/L  present present performed U/A finding
Present study
Patient 1 1.0 34 2.6 20 months 3.5 17.5 No No No Classic ATN
Patient 2 0.8 7.4 1.4 10 months 3.7 12.2 No No No Classic ATN
Patient 3 1.0 1.8 0.8 7 weeks 5.6 24 No No No None
Patient 4 0.7 7.18 0.8 12 months 3.9 10 No No Yes ATN
Patient 5 0.8 4.2 2.2 9 months 1.4 12.8 Yes No No ATN
Creput et al. [6] 0.82 4.0 2.3 8 weeks NA Decreased Yes Yes Yes Proteinuria
Coca et al. [7] 2.1 6.2 2.0 5 weeks 5.6 14 No No Yes ATN
Dupont et al. [8] 0.84 20° NA NA NA 6 No No No NA
Gaspar et al. [9] 0.8 6.6 1.7 3 months 1.6 16 Yes No No NA
Karras et al. [10]
Patient 1 <1.2 7.8 2.14 2 weeks Decreased Decreased Yes Yes Yes Proteinuria
Patient 2 <1.2 2.7 1.69 2 weeks Decreased Decreased No No Yes Proteinuria
Patient 3 <1.2 1.7 NA 3 weeks NA NA Yes Yes No NA
Peyriere et al. [11]
Patient 1 0.77 1.14 0.91 3 months 3.1 21 Yes No No NA
Patient 2 0.50 0.89 0.84 3 months 3.3 25 Yes No No NA
Patient 3 0.93 1.15 1.00 3 months 3.8 27 No No No NA
Patient 4 0.87 3.97 1.10 4 months 3.8 12 Yes No No NA
Patient 5 0.70 1.54 1.08 3 months 2.1 14 Yes No No NA
Patient 6 0.64 0.96 0.67 2 weeks 3.2 27 No No No NA
Patient 7 0.97 4.33 1.21 3 months 3.5 12 Yes No Yes ATN
Rifkin et al. [16]
Patient 1 1.1 1.8 1.2 3 months 3.5 18 Yes No No RTE
Patient 2 1.2 2.1 1.3 2 months 3.2 17 Yes No No ATN
Patient 3 1.1 1.7 1.2 1 month 3.5 19 Yes No No RTE
Patient 4 1.3 2.6 1.4 3 months 3.3 16 Yes No No ATN
Patient 5 1.0 1.6 1.1 3 months 3.8 19 No No No NA
Rollot et al. [12] NA P P 3 weeks NA 17 Yes Yes No Proteinuria
Schaaf et al. [13] 0.83 3.5 1.14 6 months NA 20 No No Yes Proteinuria
Verhelst et al. [14] 0.88 2.2 1.3 8 weeks 2.9 14 Yes Yes Yes Proteinuria

NOTE. ATN, acute tubular necrosis; NA, not available; RTE, renal tubular epithelial cells; U/A, urinalysis.

@ Patient underwent hemodialysis.

® The maximum serum creatinine level was 66 mL/min, and the recovery level was 80 mL/min.

romycin and TMP-SMZ. His HAART regimen consisted of
saquinavir (1000 mg twice per day), didanosine (400 mg per
day), lopinavir-ritonavir (400/100 mg twice per day), and ten-
ofovir (300 mg per day) for the past 16 months. Two months
before hospital admission, the patient’s serum creatinine level
had increased to 1.4 mg/dL, but none of the components of
his HAART regimen were adjusted on the basis of his renal
function. Admission laboratory tests revealed the following
concentrations: sodium, 119 mmol/L; potassium, 3.5 mmol/L;
bicarbonate, 17.5 mmol/L; serum creatinine, 2.8 mg/dL; glo-
merular filtration rate, 17 mL/min; blood urea nitrogen, 43 mg/
dL; uric acid, 2.8 mg/dL; and phosphorus, 2.2 mg/dL. Urinalysis
revealed a protein level of 100 mg/dL, a glucose level of 500

mg/dL, and sheets of pigmented granular casts. The findings
of renal ultrasound were normal, as were the findings for all
other serologic tests. Tenofovir therapy was discontinued. The
patient was discharged from the hospital receiving lopinavir-
ritonavir, saquinavir, and renally adjusted doses of TMP-SMZ,
didanosine, and lamivudine. Twenty months later, renal func-
tion had failed to return to the baseline level, with a serum
creatinine level of 2.6 mg/dL and creatinine clearance rate of
19 mL/min, but without proteinuria on urinalysis.

Patient 2. A 53-year-old man with AIDS of 8 years’ du-
ration and hepatitis C, with normal liver function test results
and abdominal CT findings, was admitted to the hospital with
acute respiratory distress, pneumonia, and ARF. For the past
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Figure 1.

Renal biopsy image by light microscopy showing acute tubular injury with loss and irregularity of tubular epithelial cells (hematoxylin

and eosin strain; original magnification, X<100). /nset, prominent nuclear enlargement with hyperchromatic and smudged chromatin (hematoxylin and

eosin stain; original magnification, X<400).

20 months, he had been treated with lopinavir-ritonavir (400/
100 mg twice per day), tenofovir (300 mg per day), and sta-
vudine (40 mg twice per day). The baseline serum creatinine
level was normal (0.8 mg/dL), and the glomerular filtration rate
was 94 mL/min. Six weeks before hospital admission, the pa-
tient’s serum creatinine level had increased to 1.8 mg/dL, but
no adjustments had been made to his HAART regimen. At
hospital admission, laboratory tests revealed the following con-
centrations: sodium, 131 mmol/L; potassium, 3.7 mmol/L;
chloride, 99 mmol/L; bicarbonate, 12.2 mmol/L; blood urea
nitrogen, 91 mg/dL; creatinine, 7.4 mg/dL (with a glomerular
filtration rate of 10 mL/min); calcium, 7.4 mg/dL; phosphorus,
5.4 mg/dL; and albumin, 2.5 mg/dL. Urinalysis revealed 1+
protein, 2+ blood, and many pigmented granular casts. The
findings of all other laboratory tests and of an ultrasound were
normal. Tenofovir treatment was discontinued. The patient re-
started lopinavir-ritonavir treatment and renally adjusted doses
of lamivudine and stavudine. Four months later, tenofovir was
inadvertently readministered at another hospital for a total of
10 days. His serum creatinine level increased to 1.8 mg/dL from
his initial discharge level of 1.2 mg/dL. Tenofovir treatment was
discontinued again, and after 1 month, his serum creatinine
level decreased to 1.4 mg/dL. At the 10-month follow-up visit,
the patient’s creatinine level was still 1.4 mg/dL, and the glo-
merular filtration rate was 37 mL/min, without proteinuria.

Patient 3. A 48-year-old man with AIDS of 11 years’ du-
ration and hepatitis C, with normal liver function test results,
presented with ARF and hyperkalemia. The baseline serum cre-
atinine level was 1.0 mg/dL, and the glomerular filtration rate
was 90 mL/min. He had been receiving tenofovir (300 mg per
day), lamivudine (150 mg twice per day), saquinavir (600 mg
twice per day), and lopinavir-ritonavir (400/100 mg twice per
day) for 12 months, as well as TMP-SMZ (1 tablet [160 mg
and 800 mg] 3 times per week) and clarithromycin (500 mg
twice per week). Initial laboratory studies revealed the following
concentrations: blood urea nitrogen, 53 mg/dL; creatinine, 1.8
mg/dL (with a glomerular filtration rate of 53 mL/min); so-
dium, 140 mmol/L; potassium, 5.6 mmol/L; chloride, 103
mmol/L; and bicarbonate, 24 mmol/L. Urinalysis revealed pig-
mented granular casts. A 24-h urine collection reported 0.65 g
of protein per day or moderate proteinuria. Serologic test and
renal ultrasound findings were normal. Tenofovir treatment was
discontinued. At discharge from the hospital, the patient re-
started receiving all previous medications except tenofovir. Af-
ter 2 montbhs, his blood urea nitrogen level was 21 mg/dL, and
his serum creatinine level was 0.8 mg/dL, with a creatinine
clearance rate of 97 mL/min.

Patient 4. A 65-year-old man with AIDS of 8 years’ du-
ration and type II diabetes mellitus was admitted to the hospital
with ARF. The baseline serum creatinine level was 0.7 mg/dL,
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Table 3. Characteristics of patients with incomplete recovery
from tenofovir-induced acute renal failure (ARF).

aa
GFR, mL/min Time to
During recovery,
Study, patient Baseline ARF Recovery months
Present report
Patient 1 74 17 19 20
Patient 2 94 10 37 10
Patient 5 76 13 30 9
Gaspar et al. [9] 108 13 51 3
Peyriere et al. [11],
patient 2 119 64 74 3

NOTE. GFR, glomerular filtration rate.

@ GFR was calculated by use of 24-h urine creatinine clearance findings or
the Cockroft-Gault formula.

and the glomerular filtration rate was 68 mL/min. The medi-
cations he had been receiving included tenofovir (300 mg per
day), nevirapine (200 mg twice per day), lopinavir-ritonavir
(400/100 mg twice per day), lamivudine (150 mg per day),
glipizide, and fenofibrate for 24 months. Admission laboratory
tests revealed the following concentrations: blood urea nitrogen,
68 mg/dL; creatinine, 7.1 mg/dL (with a glomerular filtration
rate of only 6.8 mL/min); sodium, 140 mmol/L; potassium, 3.9
mmol/L; chloride, 115 mmol/L; and bicarbonate, 10 mmol/L.
Urinalysis revealed many pigmented granular casts. A renal
biopsy was performed, the results of which are shown in figure
1. The patient received 2 hemodialysis treatments for azotemia.
Tenofovir treatment was discontinued. He restarted receiving
all previous medications except tenofovir. Twelve months later,
his serum creatinine level was 0.8 mg/dL, and his glomerular
filtration rate was 60 mL/min.

Patient 5. A 52 year-old-man with a 3-year history of type
II diabetes mellitus and a 20-year history of AIDS (but with
the absence of HIV for 10 years) was admitted to the hospital
with ARF and Fanconi syndrome. His baseline serum creatinine
level was 0.8 mg/dL, and the glomerular filtration rate was 76
mL/min. During the previous 6 months, he had lost 18 kg (40
Ibs), and he complained of difficulty swallowing. For the pre-
vious 29 months, he had been receiving tenofovir (300 mg per
day), efavirenz (600 mg per day), lamivudine (150 mg twice
per day), atazanavir (400 mg per day), fluconazole, and met-
formin. Two months before hospital admission, ritonavir (100
mg per day) had been added to the treatment regimen. Ad-
mission laboratory tests revealed the following concentrations:
creatinine, 4.2 mg/dL; glomerular filtration rate, 13 mL/min;
blood urea nitrogen, 25 mg/dL; sodium, 137 mmol/L; potas-
sium, 1.4 mmol/L; chloride, 112 mmol/L; bicarbonate, 12.8
mmol/L; glucose, 122 mg/dL; phosphorus, 1.3 mg/dL; calcium,
9.2 mg/dL; uric acid, 2.0 mg/dL; and magnesium, 2.6 mg/dL.
The rate of tubular reabsorption of phosphorus was low (46%),

and the rate of fractional excretion of uric acid was high (80%).
Urinalysis revealed a glucose level of 500 mg/dL, a protein level
of 30 mg/dL, and sheets of pigmented granular casts. Tenofovir
treatment was discontinued, and intravenous 0.9% sodium
chloride was administered for 4 days, as well as oral and in-
travenous potassium, magnesium, and bicarbonate. All HIV
medications but metformin and tenofovir were restarted. Doses
were adjusted for renal impairment. No lactic acidosis was
noted while the patient received metformin, but this agent was
discontinued because of persistent renal insufficiency. After 18
days, his creatinine level decreased to 2.1 mg/dL, but admin-
istration of oral electrolytes was still required for 6 weeks. Fan-
coni syndrome resolved, but 9 months later, the serum creat-
inine level was still elevated (at 2.2 mg/dL), with a creatinine

clearance rate of 30 mL/min.

RESULTS

We analyzed the findings for our 5 patients and for the 22
patients described in the literature with tenofovir-associated
ARF since December 2002. The mean age of the 27 patients
was 45.5 years (range, 31-65 years), with a ratio of men to
women of 3.5:1. The mean duration of tenofovir therapy was
11 months (range, 1-29 months). The drugs most often ad-
ministered with tenofovir were ritonavir or lopinavir-ritonavir
(21 of 27 patients), didanosine (9 of 27 patients), and atazanavir
(5 of 27 patients). It should be noted that some didanosine
doses (due to renal impairment) and atazanavir doses (when
used in combination with other agents) were not appropriate.
The mean serum creatinine level increased from 0.9 to 3.9 mg/
dL (P<.05), and it decreased to 1.2 mg/dL during recovery
(P<.05). Tenofovir treatment was discontinued for all patients,
and abnormal laboratory findings dramatically improved or
resolved in the majority of patients. However, the glomerular
filtration rate decreased from a mean of 81 to 31 mL/min and
increased to 59 mL/min during recovery in a subset of 12 of
the 27 patients. The glomerular filtration rate in 5 patients did
not return to the baseline level after a mean duration of follow-
up of 7.5 months (range, 3-20 months) (table 3). Two patients
required temporary hemodialysis. Examination of renal biopsy
specimens obtained from 8 patients revealed acute tubular ne-
crosis, with nuclear swelling and karyomegaly of proximal tu-
bular nuclei. Sixteen patients had Fanconi syndrome, 19 had
non-anion gap metabolic acidosis, 13 had hypokalemia, and 5
had nephrogenic diabetes insipidus. After discontinuation of
tenofovir treatment, Fanconi syndrome resolved in all patients,
and renal function returned to the baseline level in 22 of the
27 patients. We attempted to correlate the patients’ viral loads
and CD4 cell counts with the development of ARF, but not
enough case reports included that information.
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DISCUSSION

Tenofovir represents the first of a new class of antiretrovirals,
the nucleotide reverse-transcriptase inhibitors. Two similar acy-
clic nucleoside phosphonate antiviral derivatives, adefovir and
cidofovir, have been associated with dose-limiting, renal tubular
cell toxicity in patients with infectious hepatitis or cytomega-
lovirus infection who have been treated with these agents [1-
3]. Proposed mechanisms for this drug-induced proximal tu-
bular toxicity include epithelial cell mitochondrial DNA
depletion [1, 2] and/or direct tubular cytotoxicity [17]. Unlike
these 2 agents, no direct association with mitochondrial toxicity
has been found for tenofovir [18]. Proximal tubular accu-
mulation of all these drugs occurs by direct transport by the
human organic anion transporter 1 (hOAT1) on the basolateral
side of the proximal renal tubular cells.

We believe that multiple drug interactions with tenofovir and
other HIV drugs lead to renal tubular toxicity and tenofovir-
associated ARE. Tenofovir predominately accumulates in prox-
imal renal tubular cells and is eliminated by active tubular
secretion and glomerular filtration. The renal clearance of ten-
ofovir in humans is significantly greater than the glomerular
filtration rate, indicating that renal tubular secretion of teno-
fovir occurs. Active uptake of nucleotides from blood into prox-
imal tubular cells occurs via hOAT1, which is located in the
basolateral membrane of proximal tubules [17]. Once accu-
mulated, the nucleotides are secreted into the urine via the
multidrug-resistance protein (MRP2) on the apical side of the
proximal tubular cell. The package insert states that the dose
of tenofovir should be adjusted for patients with a creatinine
clearance rate of <50 mL/min [19]. If the dose is not adjusted,
the increased tenofovir concentrations could increase the pos-
sibility of developing tenofovir-associated ARF.

In addition, administration of ritonavir alone or with lopi-
navir has been shown to increase the maximum serum con-
centrations of tenofovir by >30% [20]. Ritonavir is not an
inhibitor of hOAT1 but is a potent inhibitor of MRP2-mediated
transport, which transports anionic compounds, including ten-
ofovir [21]. It is also an inhibitor of P-glycoprotein, an efflux
pump for organic cations. We believe that it is likely that ri-
tonavir increased proximal tubular concentrations of tenofovir
by decreasing urinary secretion through this pathway, because
21 of 27 patients with ARF or Fanconi syndrome were receiving
ritonavir alone or in combination with lopinavir.

Didanosine is eliminated by glomerular filtration and active
tubular secretion [22]. The renal clearance of didanosine is
significantly greater than the glomerular filtration rate, indi-
cating that renal tubular secretion of didanosine occurs. Com-
pared with patients who have normal renal function, in patients
with chronic renal failure, there are significant increases in the
half-life and significant decreases in the total body clearance of
didanosine [23]. An early case report by Crowther et al. [24]

from 1993 described the first case of possible didanosine-
induced Fanconi syndrome and nephrogenic diabetes insipidus.
Coadministration of tenofovir with didanosine has resulted in
a significant increase (28%) in maximum serum concentrations
of didanosine, leading to an increased risk of didanosine toxicity
[19]. Didanosine is taken up by hOAT1 at the proximal tubules,
and it is possible that competition between tenofovir and di-
danosine for the hOAT1 transporter produces an increase in
the didanosine concentration, leading to an increased risk of
mitochondrial damage and nephropathy. Ten of the 27 reported
patients received tenofovir and didanosine. A reduction in the
dosage of didanosine is recommended when it is coadminis-
tered with tenofovir [19].

In in vitro studies, atazanavir has been shown to be an in-
hibitor and inducer of P-glycoprotein and an inhibitor of cy-
tochrome P450 3A activity [25]. The pharmacokinetic studies
of atazanavir coadministered with ritonavir have reported in-
creases in both the maximum serum concentration (34%) and
the area under the curve (41%) of ritonavir [26]. Coadmin-
istration of tenofovir with atazanavir resulted in increases in
the following tenofovir pharmacokinetic parameters: maximum
concentration, 14%; minimum concentration, 22%j; and area
under the curve, 24%. Likewise, when coadministered with
tenofovir, atazanavir use has resulted in a decrease (26%) in
the area under the curve of atazanavir [19, 27]. The exact
mechanism for this drug interaction is not known, but 5 of
the 27 patients in our study with ARF were receiving 300—400
mg atazanavir daily. Patients who were receiving both ritonavir
and atazanavir should be carefully monitored for an increase
in tenofovir-associated adverse effects [19].

The safety profile of tenofovir has been reported to be safe
and is similar to that of placebo [28]. However, several recent
case reports of drug-induced renal tubular dysfunction and
Fanconi syndrome involving patients who had been taking ten-
ofovir for up to 26 months have been published [7, 10, 13,
14]. Verhelst et al. [14] and Karras et al. [10] reported cases
of tenofovir-induced tubular injury with Fanconi syndrome in
HIV-infected patients who had normal renal function. These
patients developed tubular injury 1 to >26 months after ini-
tiating tenofovir treatment. Another case of renal tubular dys-
function was reported to have occurred in a patient with stable
chronic renal disease [7]. Schaaf et al. [13] described a patient
who presented with proximal tubular necrosis without Fanconi
syndrome after only 8 weeks of tenofovir therapy.

In all cases, CD4 cell count and plasma HIV load were not
predictors of which patients would develop ARF associated with
tenofovir, and Fanconi syndrome resolved upon discontinua-
tion of tenofovir. All other drugs were either continued or
restarted after resolution of the acute event, with no further
deterioration of renal function. Other causes of AIDS-related
or drug-induced renal insufficiency were ruled out. No evidence
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of tubulopathy was present prior to this acute event. We have
now observed our patients after ARF for up to 20 months.
Three of our 5 patients have had incomplete recovery of glo-
merular filtration rate, as did 2 other patients described in the
literature (table 3), which was not the case for 5 patients recently
described in the literature with a 3-month follow-up period
[16]. Incomplete recovery of glomerular filtration rate occurred
in ~19% of patients who were reported to have ARF associated
with tenofovir and ritonavir or lopinavir-ritonavir. To our
knowledge, we are the first to report several cases of chronic
kidney disease and ARF after discontinuation of tenofovir, with
inadvertent rechallenge in 1 patient in whom tenofovir-asso-
ciated ARF had resolved.

Patients who are taking tenofovir concurrently with either
ritonavir, lopinavir-ritonavir, didanosine, or atazanavir should
be closely monitored for potentially multiple serious drug-drug
interactions leading to acute or chronic kidney disease, Fanconi
syndrome, and/or diabetes insipidus. In June 2004, Gilead re-
vised the package insert to include monitoring for adverse ef-
fects in patients receiving tenofovir in combination with ata-
zanavir or lopinavir-ritonavir associated with increased
tenofovir concentrations, as well as the potential for the de-
velopment of ARF and Fanconi syndrome.

It is important to remember that many patients may present
with muscle wasting while they are receiving HAART. Serum
creatinine level is an insensitive measurement of the glomerular
filtration rate, and patients could have significant renal insuf-
ficiency with normal serum creatinine levels. It is recommended
that any change in serum creatinine level of either 0.5 mg/dL
or an increase of 50% should alert health care professionals to
the potential of renal insufficiency in any tenofovir recipient.

We strongly recommend that renal function (including de-
termination of blood urea nitrogen, serum creatinine, electro-
lyte, calcium, phosphorus, and magnesium levels) should be
monitored every 2 weeks for the first 2 months of treatment,
then monthly thereafter, for patients who are receiving teno-
fovir concomitantly with ritonavir or lopinavir-ritonavir, ri-
tonavir plus didanosine, or ritonavir plus atazanavir. A signif-
icant increase in the serum creatinine level or new-onset renal
tubular dysfunction during tenofovir therapy with ritonavir,
lopinavir-ritonavir, ritonavir plus didanosine, or ritonavir plus
atazanavir should lead one to immediately discontinue teno-
fovir treatment and to perform more-definitive assessments of
renal function. Earlier recognition of tenofovir-associated acute
changes in renal function will, we hope, prevent the occurrence
of chronic kidney disease associated with tenofovir-associated
ARE
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