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Abstract: Tenofovir disoproxil fumarate (TDF), prodrug of tenofovir (TFV), is one of the most widely used
nucleotide reverse transcriptase inhibitors (NRTIs) for the treatment of HIV infection in resource-rich and resource-
limited settings with proven efficacy and safety, and also for the treatment of hepatitis B infections. However, TDF
can cause renal proximal tubular dysfunction and also reduces estimated glomerular filtration rate (¢eGFR) more
than other NRTIs. To date, TDF-associated renal dysfunction is generally regarded as mild and tolerable. However,
it is notable that low body weight is one of the risk factors for TFV nephrotoxicity and that Asians are generally
of smaller body stature and can be susceptible to such nephrotoxicity, as shown in several cohort studies. Until
tenofovir alafenamide (TAF), another prodrug of TFV with minimal renal toxicity, becomes widely accessible
for people living with HIV and replaces TDF, it is warranted that physicians who prescribe TDF have a good
understanding of TFV nephrotoxicity. This paper reviews recent literature on TFV nephrotoxicity among people
living with HIV especially focusing on Asians who might be susceptible to TFV nephrotoxicity due to their lower
body weight and discusses implications for clinical care and future directions.
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Introduction is impractical (/7). But it is notable that low body weight
is one of the risk factors for TFV nephrotoxicity and that
The advent and evolution of antiretroviral therapy Asians are generally of smaller body stature and have
(ART) substantially improved the prognosis of people a lower median body weight than Whites and Blacks
living with HIV (PLHIV) (7). As life expectancy of (19,20), who mostly comprise the cohorts of studies
PLHIV increases and patients age, the importance of the published to date.
management of non-communicable diseases (NCDs) This report reviews recent literature on TFV
has increased (/,2). Both chronic kidney disease (CKD) nephrotoxicity among PLHIV especially focusing on
and end-stage renal disease (ESRD) are important NCDs Asians who might be susceptible to TFV nephrotoxicity
that affect morbidity and mortality (3,4). Maintaining due to their smaller body stature and discusses
renal function is particularly important among PLHIV, implications for clinical care and future directions.
as HIV infection is currently not curable and patients Although tenofovir alafenamide (TAF), a new prodrug
need lifelong ART. Tenofovir disoproxil fumarate (TDF), of TFV, which is safer for kidney than TDF, has been

prodrug of tenofovir (TFV), is one of the most widely licenced and is available in some resource rich countries
used nucleotide reverse transcriptase inhibitors (NRTIs) (21), the main focus of this review will be on TDF-
for the treatment of HIV infection in resource-rich and associated nephrotoxicity, since TDF has been and will
resource-limited settings (5,6) with proven efficacy and be used by the vast majority of PLHIV especially in
safety (7-9), and also for the treatment of hepatitis B low and middle income countries including many Asian
infections (5,6). countries.
However, TDF can cause renal proximal tubular
dysfunction (/0-13) and also reduces estimated Tenofovir nephrotoxicity: its mechanism and history

glomerular filtration rate (¢GFR) more than other NRTIs

(14-16). To date, TDF-associated renal dysfunction is Compared with abacavir (ABC) or other NRTIs, TDF
generally regarded as mild and tolerable (/7,18), and is highly potent with a high genetic barrier (22). TDF
one meta-analysis published in 2010 recommended that was first licensed for use in 2001 (23), and soon after,
TDF use should not be restricted even when regular a series of cases which developed tubulopathy such
monitoring of renal function and serum phosphate levels as Fanconi syndrome or acute tubular necrosis, or

(88)
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Figure 1. Excretion of tenofovir at the proximal tubular cells
of the kidney and mechanism of tenofovir nephrotoxicity.
Tenofovir (TFV), which is a metabolite from tenofovir
disoproxil fumarate (TDF) and tenofovir alafenamide
(TAF), is excreted through glomerular filtration and enters
kidney tubular cells through the basolateral membrane and
is transported mainly by organic anion transporter (OAT) 1
and, to a lesser extent, OAT 3 (60). TFV is excreted into the
urine at the apical membrane by 2 transporters on the luminal
membrane; multidrug resistance protein (MRP) 4 and MRP 2
(61,62). TFV cannot be absorbed from the gut. TDF is rapidly
metabolized to TFV in the plasma, whereas TAF is stable in
the plasma and largely metabolized to TFV within target cells,
resulting in lower plasma TFV levels (21,63). Accumulation
of TFV within proximal tubular cells leads to mitochondrial
injury and tissue hypoxia, but with TAF, likelihood of tubular
injury is less (25-27,63). TAF itself is not a substrate for OAT-
1 or OAT-3.

acute renal failure have been reported (/0-13). TFV,
a metabolite of TDF, is excreted through glomerular
filtration and via active tubular secretion at the proximal
tubules of the kidney (24). TDF-associated tubulopathy
is considered to be a result of accumulation of TFV,
which causes mitochondria toxicity in tubular cells
through inhibition of mitochondrial DNA polymerase-y
(25-27) (Figure 1). Renal biopsy of cases, which
presented with TFV tubulopathy showed mitochondrial
enlargement, depletion, and dysmorphic changes in
proximal tubular cells (28). The use of TDF is also
associated with increased bone turnover and bone
demineralization, and although the mechanism is not
fully understood, renal phosphate loss due to proximal
tubulopathy is considered to be a primary cause (29,30).

A post-marketing report for Australia, Europe and US
in 2007 showed that cases, which developed tubulopathy
or acute renal failure were rare; among 10,343 patients,
acute and chronic renal failure was reported in 0.3% and
Fanconi syndrome in < 0.1%. Also other renal events,
such as nephrogenic diabetes insipidus, nephritis, and
proteinuria were reported in < 0.1% of patients (§).
In tenofovir-induced nephrotoxicity, tubulopathy is
considered to precede the decline in GFR (3/7,32). In
2010, a meta-analysis, which analyzed 17 randomized
trials and cohort studies on renal safety of TDF in PLHIV
(17) was published and it concluded that, although TDF
use was associated with a statistically significant loss of

(89)

renal function (mean difference compared with control
subjects in calculated creatinine clearance, 3.92 mL/
min, 95% CI: 2.13-5.70 mL/min), the clinical magnitude
of this effect was modest and they do not support the
need to restrict TDF use in jurisdictions where regular
monitoring of renal function and serum phosphate levels
is impractical. However, it is notable that only one study
from Asia (33) was included in this meta-analysis and
that this study from Japan showed largest decrement
in eGFR in TDF users compared to other NRTI users
among 17 studies (mean difference: -17 mL/min (95%
CI: -31.35, -2.65)) (17).

Low body weight as one of the risk factors for TFV
nephrotoxicity

Many risk factors for TFV nephrotoxicity have been
identified; including HIV specific factors, such as
concomitant use of didanosine or ritonavir-boosted
protease inhibitors (PI/r), advanced HIV infection,
and classic risk factors for renal dysfunction, such as
older age, impaired baseline renal function, diabetes
mellitus, hypertension, coinfection with hepatitis C
virus, and concurrent use of nephrotoxic medication
(8,34). Low body weight is one of the risk factors for
TFV nephrotoxicity; the animal model study reported
that tenofovir tubulopathy occurs dose-dependently (35)
and also a post-marketing report showed association
between low body weight and renal dysfunction
(8). Patients with low body weight are potentially at
higher risk for larger drug exposure and, thus, more
severe toxicity (/9,20,36). However, most evidence
on tenofovir nephrotoxicity has been from Europe and
US, where body stature is generally larger than that of
Asians. For example, whereas the mean body weight
for the Japanese male 30-39 years old is 71 kg (37),
that for US male 30-39 is 90.2kg (38); the mean body
weight for American males is approximately 20kg
heavier than that of the Japanese male. It is notable that
the body weight of PLHIV is even lighter; median 60
kg in West India (39), median 56.5 kg in Thailand (19),
and mean 55 kg for Vietnam (40).

Tenofovir nephrotoxicity for Asians living with HIV
infection

The reported degree of TDF-associated renal function
decrement in Asians is not negligible. Among treatment-
experienced 405 Thai patients with median baseline
body weight of 56.5 kg who initiated TDF, 19.3%
experienced a 25% decrement in GFR with an incidence
rate of 16.2 per 100 person-years (/9). Also among 495
treatment-naive Japanese patients with median weight
of 63kg who initiated TDF-containing ART, 19.6%
developed > 25% decrement in eGFR (36).

Among the 792 treatment-naive Japanese patients
with a median weight of 63kg who either initiated
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Figure 2. The loss in eGFR in patients who started TDF-
containing ART relative to non-TDF containing ART:
results from two Asian studies and one study from Canada.
Whereas two studies from Asia (Joshi ef al. and Nishijima
et al.) showed that the loss in eGFR among the patients who
started TDF containing ART relative to those who started
non-TDF containing ART continued to increase over time,
the study from Canada (Laprise et al.) showed that most
of the loss in eGFR was acquired during the first year of
exposure and stabilized after that (15,20,41). eGFR, estimated
glomerular filtration rate; ART, antiretroviral therapy; TDF,
tenofovir disoproxil fumarate.

TDF- or ABC-containing ART, those who initiated
TDF-containing ART were twice as likely to develop
> 10 mL/min/1.73 m® decrement in eGFR and > 25%
decrement in eGFR than those who initiated ABC-
containing ART (20). Among patients with body weight
of <70 kg, the effect of TDF use on the risk of > 10
mL/min/1.73m” decrement in eGFR was more evident
(adjusted OR: 2.5, 95% CI: 1.55-4.00, p < 0.001) than
that among the entire study population (adjusted OR: 2.1,
95% CI: 1.45-3.14, p <0.001) (20).

Although evidence is still limited to draw any firm
conclusions, it is interesting that two observational
studies from Asia showed that the loss in eGFR among
the patients who started TDF-containing ART relative
to that in those who started non-TDF-containing ART
continued to increase over time (20,41), whereas one
cohort study from Canada did not show such finding
and concluded that most of the loss in eGFR was
acquired during the first year of exposure and stabilized
after that (/5) (Figure 2). In the Japanese cohort study,
the loss in eGFR in the TDF group relative to the ABC
group continuously increased over time, and reached
-10.3 mL/min/1.73 m’ at 5 years of TDF exposure (20)
(Figure 2). Another multi-country observational study
from East and South-East Asia reported that among
2547 patients with median body weight of 56 kg (703
on TDF-containing ART, 1844 on non-TDF-containing
ART), the loss in eGFR in the TDF group relative to the
non-TDF group increased over time and reached -7.1
mL/min/1.73 m’ at 5 years of TDF exposure (/). It is
notable that whereas in the Japanese study 85% of the
study patients were on Pl/r, one of the risk factors for
TFV nephrotoxicity, it was only 18.7% for the multi-
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country study and it still showed the increasing loss
in eGFR in the TDF group compared to the non-TDF
group (47). On the other hand, a single-center study
from Montreal, Canada reported that among 1043
patients mostly comprised of Whites, there was no trend
between the years of exposure and the loss in eGFR in
the TDF group relative to non-TDF group (/5). Body
weight for this study was not available.

Utility of renal tubular markers for prediction of
tenofovir nephrotoxicity

Because tenofovir tubulopathy precedes actual
decrement in GFR, renal tubular markers are considered
to be more sensitive than creatinine based eGFR
(31,42). Among the renal tubular markers, urinary (2
microglobulin (f2M) has been most studied (37,42-
46). p2M has been shown to be a sensitive marker for
TFV nephrotoxicity (37), and can predict TDF-related
GFR decrement in PLHIV who initiate TDF containing
antiretroviral therapy (42). Whether new tubular
markers, such as kidney injury molecule 1 (KIM-1),
liver type fatty acid binding protein (L-FABP), and
neutrophil gelatinase-associated lipocalin (NGAL) are
useful in diagnosing or predicting TDF-related GFR
decrement remains to be elucidated.

Many antiretroviral agents increase serum creatinine
by inhibiting excretion of creatinine at the renal tubule,
which can complicate interpretation of eGFR decrement
shortly after initiation of TDF containing ART (Figure
3). Dolutegravir, an integrase inhibitor, which is a
component of preferred ART regimen in many treatment
guidelines including the WHO guidelines (5,47,48), is
one such agent (49). Measurement of urinary tubular
markers, such as f2M, might help distinguishing
causes of eGFR decrement, which is due to inhibition
of creatinine by antiretroviral agents or due to TFV
nephrotoxicity, although evidence is limited.

Tenofovir alafenamide

Tenofovir alafenamide (TAF), a new prodrug of TFV
is stable within plasma and metabolized to TFV mostly
within target cells, enabling a small amount of dosing
(25mg), which results in low plasma TFV levels and is
thus safer to the kidney (50) (Figure 1). High efficacy
and tolerability, especially minimal renal toxicity,
of TAF have been shown in phase 3 trials and other
studies including those which examined treatment-
naive patients, treatment-experienced patients, and
patients with renal impairment (57/-54). The phase
3 study, which randomly compared the efficacy and
tolerability of elvitegravir/cobicistat/emtricitabine/TAF
and elvitegravir/cobicistat/emtricitabine/TDF among
treatment-naive patients showed that a median change
from baseline in creatinine clearance was significantly
lower with TAF (-1.6 mL/min) than TDF (-7.7 mL/min)
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Figure 3. Mechanism for serum creatinine elevation by
several antiretroviral drugs and pharmacoenhancers.
Creatinine is transported through tubular cells on the
basolateral side by organic anion transporters (OAT) 2 and
3, and organic cation transporters (OCT) 2 and 3. Creatinine
is secreted via multidrug and toxin extrusion transporter 1
(MATEI1) and MATE2-K on the apical side. Ritonavir and
cobicistat inhibit MATE1 and inhibit creatinine efflux to
urine. Dolutegravir and rilpivirine inhibit OCT2 and inhibit
creatinine entry into the tubular cell (21,49,64,65).

at week 144 (55). Furthermore, a recent pooled analysis
of 26 trials showed the renal safety of TAF over
TDF by examining a total of 12,519 person-years of
exposure to TAF; there were no cases of proximal renal
tubulopathy or Fanconi syndrome, and significantly
fewer discontinuations due to renal adverse events in
the TAF group than the TDF group (57). A sub-analysis
of phase 3 clinical trials, which investigated efficacy
and safety of elvitegravir/cobicistat/emcticitabine/TAF
extracted the data of Asians and showed comparable
efficacy and safety data between Asians and non-Asians
(56). TAF is included as one of the components of the
preferred ART regimens in the treatment guidelines in
many high income countries (5,48,57,58).

Tenofovir nephrotoxicity in the future

TDF has been one of the most widely used NRTIs for
the treatment of HIV infection with proven efficacy
and safety (7-9) and will remain as the main NRTI
especially in resource-limited settings (3,06). It will take
time for TAF, another prodrug of TFV with minimal
renal toxicity, to be widely accessible for people
living with HIV to replace TDF. In the meantime, it is
warranted that physicians who prescribe TDF have a
good understanding of TFV nephrotoxicity.

Prior to initiating TDF, it is suggested that renal
function is monitored with use of at least serum
creatinine and a urine dipstick test, and they should be
regularly monitored. Risk factors for renal dysfunction
or chronic kidney diseases, such as diabetes mellitus,
hypertension, hepatitis B or C infection, should be also
screened. If eGFR is < 50 mL/min/1.73m” or there is
persistent proteinuria, TDF should be switched to TAF

oD

or if TAF is not available, the dose of TDF should be
adjusted or TDF should be switched to abacavir or
zidovudine, if available. Measurement of renal tubular
markers, such as B2M, is useful to diagnose TDF-
associated tubulopathy (59).

To date, TFV nephrotoxicity is generally regarded as
mild and tolerable (17,18); severe tubulopathy such as
Fanconi syndrome or acute tubular necrosis is rare (8),
and a TDF-related eGFR decrement is generally modest
(/7). However, it is notable that low body weight is
one of the risk factors for TFV nephrotoxicity and that
Asians are generally of smaller body stature and can be
susceptible to such nephrotoxicity, as shown in several
cohort studies (/9,20,41).
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