141

BioScience Trends. 2024, 18(2):141-152.

Mini-Review

DOI: 10.5582/bst.2024.01062

Renal safety of tenofovir alafenamide-based antiretroviral therapy
in people with HIV: A mini-review

Fang Zhao, Hongzhou Lu*

National Clinical Research Centre for Infectious Diseases, The Third People's Hospital of Shenzhen and The Second Affiliated Hospital of Southern
University of Science and Technology, Shenzhen, Guangdong, China.

SUMMARY

Antiretroviral therapy (ART) has significantly enhanced the outlook for people with HIV(PWH), yet
certain ART medications can adversely affect the renal function of these patients. Of particular concern
is the nephrotoxicity associated with tenofovir disoproxil fumarate (TDF). Compared to TDF, tenofovir
alafenamide (TAF), another prodrug of tenofovir (TFV), results in lower TFV plasma levels, thereby
alleviating the TFV-associated mitochondrial toxicity on proximal renal tubular cells. Currently,
numerous clinical trials and real-world studies have demonstrated the favorable renal safety profile of
ART regimens incorporating TAF for PWH. This paper seeks to consolidate the available evidence
regarding the renal safety of TAF-based regimens in PWH, encompassing both the general PWH and
those with renal impairment or predisposing factors, in order to offer recommendations and insights for

TAF clinical application.

Keywords

1. Introduction

Kidney disease is a common complication of HIV
infection and its treatment, affecting quality of life
and life expectancy of patients (/,2). Across different
countries and populations, the global prevalence of
chronic kidney disease (CKD) among patients with
HIV varies significantly, ranging from 1% to 49%. The
highest prevalence is observed in Africa (3-9) (Figure 1).
Various definitions of kidney disease have been
utilized in previous studies on renal disease in PWH.
Despite the variations in definition, a significant
percentage of PWH exhibit signs of renal impairment
(10). For instance, a cross-sectional study defined
kidney disease as meeting at least one of the following
criteria: estimated glomerular filtration rate (eGFR)
< 60 mL/min/1.73 m’, hematuria, proteinuria, or
microalbuminuria. According to this definition, 19.0%
of HIV-infected individuals in the study were found
to have kidney disease (/0). Kidney disease in PWH
is associated with multiple risk factors, in addition to
factors related to the patients themselves, such as HIV
infection, genetic susceptibility, comorbidities and co-
infections. Renal toxicity of some antiretroviral drugs
(ARVs) is also an important risk factor (/7).
Nephrotoxicity is a prevalent adverse effect among
some ARVs, particularly observed with TDF and certain

people with HIV (PWH), tenofovir alafenamide (TAF), renal safety

protease inhibitors (such as Atazanavir and Lopinavir/
ritonavir). TDF is still included in several first-line
antiretroviral regimens due to its potent antiviral activity.
However, extensive researches have consistently
demonstrated that the risk of acute kidney injury (AKI),
chronic kidney disease (CKD), nephrogenic diabetes
insipidus, and proteinuria associated with TDF use are
increased (/2). Therefore, the nephrotoxicity of TDF
has long been a matter of concern. TDF, a prodrug
of tenofovir (TFV), exhibits limited plasma stability
and an exceptionally short half-life of 0.4 minutes.
In plasma, most TDF undergoes conversion to TFV
(13,14), which is subsequently excreted via glomerular
passive filtration and tubular active secretion (/7,15). A
prevailing hypothesis suggests that TFV accumulation
inhibits mitochondrial DNA polymerase vy, resulting
in reduced mitochondrial DNA content and oxidative
respiratory chain dysfunction. This cascade ultimately
leads to mitochondrial toxicity in proximal tubular cells,
potentially explaining TDF-induced nephrotoxicity
(15-17). Additionally, observations indicate that single
nucleotide polymorphisms (SNPs) within the adenosine
triphosphate-binding cassette transporters C2 (ABCC2)
gene may be associated with tubular dysfunction induced
by TDF. Although the precise underlying mechanism
remains unclear, this link may be attributed to ABCC2's
impact on the transport of various substances within
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Figurel. Global prevalence of chronic kidney disease among people with HIV (PWH). The incidence of HIV-associated chronic kidney disease
(CKD) varies significantly across different time periods, populations, and contexts. The highest prevalence is seen in Africa.
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Figure 2. The differences in renal metabolism mechanisms between TAF and TDF. Compared to TDF, TAF exhibits better plasma stability (with
a half-life of 90 minutes). After oral administration, TAF efficiently enters target cells and undergoes hydrolysis by the lysosomal carboxypeptidase
cathepsin A (CatA) to form TFV. In contrast, TDF is readily hydrolyzed to TFV in the plasma. Large amounts of TFV enter proximal renal tubular
cells vie organic anion transporter (OAT)-1 and OAT-3. Intracellular accumulation of tenofovir can cause mitochondrial toxicity and proximal tubular
injury. TAF is not a substrate for OAT 1 and 3 and thus does not accumulate in proximal tubular cells, which may be the reason for the better renal

safety of TAF (78).MRP: multidrug resistance-related protein.

tubular cells (/8,19). Previous research underscores that
tenofovir-related kidney injury is dose-dependent, with
elevated TFV plasma concentrations correlating with an
increased risk of renal damage (/5,20,21).

Tenofovir alafenamide (TAF) is a novel prodrug
of tenofovir (TFV), a nucleotide reverse transcriptase
inhibitor. TAF has greater plasma stability and higher

intracellular metabolism to TFV than its predecessor,
tenofovir disoproxil fumarate (TDF). Therefore, 25 mg
of TAF achieves higher concentrations of the active
metabolite, tenofovir-diphosphate (TFV-DP), in target
cells than 300 mg of TDF, while reducing the average
systemic exposure to TFV in plasma by approximately
90% (22,23) (Figure 2). Pharmakinetic data from pivotal
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Phase 3 studies show that HIV-infected individuals
receiving elvitegravir/cobicistat/emtricitabine/TAF (E/c/
F/TAF) have 91% (24) lower plasma TFV exposure than
those receiving E/c/F/TDF. As a result, TAF improves
renal safety and has been confirmed in numerous clinical
trials (25). This review synthesizes existing evidence
on the renal safety of TAF-containing regimens in HIV-
infected patients, both in general and in those with
concurrent kidney injury or related risk factors, aiming
to provide guidance and reference for the clinical use of
TAF-based regimens.

2. Renal safety data for the use of TAF-containing
regimens in general PWH

Numerous studies have shown that TAF-containing
regimens are safer for the kidneys than TDF-containing
regimens in in general PWL. Several Phase 3 clinical
trials have demonstrated that TAF-containing regimens
improved renal function more than TDF-containing
regimens in HIV-infected patients with a median baseline
eGFR of 99.4 to 117 mL/min (24,26-29). No HIV-
infected patients receiving TAF-containing regimens
developed proximal renal tubulopathy or Fanconi
syndrome. Substantial evidence supports the renal safety
advantage of TAF-containing regimens over TDF-
containing regimens. A meta-analysis of 26 clinical trials
involving 9,322 HIV-infected patients with a median
(IQR) baseline creatinine clearance (CrCl) of 108.6
(91.1, 129.3) mL/min showed that the TAF-containing
regimen group had significantly fewer cases of proximal
renal tubulopathy (0 case vs. 10 cases, p < 0.0001) and
treatment discontinuation due to renal adverse events (3
cases vs. 14 cases, p < 0.001) than the TDF-containing
regimen group; the TAF-containing regimen group
also had a higher proportion of improvement in renal
biomarkers during the 96-week treatment period (30).
Furthermore, several Phase 3 clinical trials (37/-33) have
shown that TAF-containing regimens have similar renal
safety as abacavir (ABC) and lamivudine (3TC)-based
regimens in HIV-infected patients with a median baseline
CrCl or eGFR > 100 mL/min; HIV-infected patients
who switched from these regimens to TAF-containing
regimens maintained stable CrCl, retinol binding protein
to creatinine ratio (RBP/Cr), urine f2-microglobulin to
creatinine ratio (2-MG/Cr), urine protein to creatinine
ratio (UPCR), and urine albumin to creatinine ratio
(UACR), without developing proximal renal tubulopathy
or Fanconi syndrome.

In addition to these clinical trials, long-term follow-
up data and real-world studies confirm the favorable
renal safety of TAF. Long-term follow-up results from
two large Phase 3 clinical trials found that treatment-
naive HIV-infected patients receiving bictegravir (BIC)/
emtricitabine (FTC)/TAF (B/F/TAF) therapy (with a
median [IQR] baseline eGFR of 122 [104-143] mL/min)
did not discontinue treatment due to renal-related adverse

events or develop proximal renal tubulopathy during
5 years of treatment (34). The eGFR in HIV-infected
patients declined slightly in the first four weeks and then
stabilized, this decline is consistent with the inhibitory
effect of BIC on the renal tubular secretion of creatinine
via organic cation transporter-2 (34,35) . Moreover, a
retrospective real-world study conducted in HIV-infected
patients with normal baseline renal function (¢GFR > 90
mL/min/1.73 m®) showed that the median annual eGFR
change improved significantly from -2.79 mL/min/1.73
m’/year to -0.28 mL/min/1.73 m*/year ( p < 0.01) when
HIV-infected patients switched from TDF-containing
regimens to TAF-containing regimens (36).

3. Renal safety data of TAF-containing regimens in
PWH with renal impairment (Table 1)

3.1 PWH with mild renal impairment (60 < eGFR < 90
mL/min/1.73 m®)

Clinical trials and real-world studies have shown that
switching from TDF-containing regimens to TAF-
containing regimens improved renal function in HIV-
infected patients with mild renal impairment. A
prospective cohort study of 38 HIV-infected patients with
a median (IQR) baseline eGFR of 77.0 (67.9, 83.3) mL/
min/1.73 m* switched from TDF-containing regimens to
TAF-containing regimens. After 12 months, the median
(IQR) eGFR increased significantly to 84.3 (74.07, 95.0)
mL/min/1.73 m*(p = 0.001) (37). A pooled analysis of a
prospective randomized study and a retrospective cohort
study involved 250 HIV-infected patients who had
virological suppression on TDF-containing regimens and
switched to TAF (n = 130) or ABC (n = 120) regimens
due to significant eGFR decline. Significant eGFR
decline was defined as an eGFR decline rate > 3 mL/
min/year for > 5 years, an eGFR decline > 25%, or an
e¢GFR > 90 mL/min at baseline and < 70 mL/min at the
end of TDF-containing regimen treatment. At baseline,
the mean eGFR for the TAF and ABC regimen groups
was 73 and 68 mL/min, respectively, and 80% and 72%
of patients, respectively, had an eGFR > 60 mL/min. The
results showed that at 48 weeks of treatment, both groups
had a significant median eGFR increase from baseline,
with 5.0 and 6.0 mL/min, respectively (p > 0.1 between
the two groups); 23% and 26% of patients, respectively,
had an eGFR increase >50% (p > 0.1 between the two
groups). At 96 weeks of treatment, both groups had a
similar median eGFR increase from baseline, with 6.0
and 8.5 mL/min, respectively (p > 0.1 between the two
groups); 18% and 27% of patients, respectively, had an
eGFR increase > 50% (p > 0.1 between the two groups)
(38). Another cohort study of 309 HIV-infected patients
who switched from TDF-containing regimens to TAF-
containing regimens had a median (IQR) baseline eGFR
of 78.6 (63.3, 96.4) mL/min/1.73 m®. During TDF-
containing regimen treatment, 40.8% and 22.7% of
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Table 1. Renal safety data for the use of TAF-containing regimens in HIV-infected people with normal renal function and in those with concurrent kidney injury (continued)

Outcomes of renal biomarkers

Outcomes of eGFR

Study period

Sample (n)

Regimen

Study design

Author Reference

HIV patients with moderate renal impairment (30 < eGFR < 60 mL/min/1.73 m’)

Median changes from baseline at Week 144 with Of those participants with clinically significant albuminuria

prestwich TDF use:

144 weeks

242

Phase III single- E/C/F/TAF

arm study

Podzamczer et al.
1AS.2017 (41)

(UACR > 30 mg/g) at baseline, 47% had resolution by

Week 144,

eGFR cp g1 SCr: 3.6 mL/min/1.73 m’

The median UACR decreased from 41 mg/g at baseline to

10 mg/g at the 144 weeks.

eGFR ¢p gpr €ysC: 3.7 mL/min/1.73 m’

HIV patients with severe renal impairment (15 <eGFR <30 mL/min/1.73 m’)

No clinically relevant changes in the median serum

14 days

14

Phase I single- TAF

Custodio et al. Antimicrobial

creatinine level, eGFR, or phosphate level were

observed in any subject in either group.

agents and chemotherapy.2016 dose study

(43)

patients had an eGFR decline rate > 3 and 5 mL/min/1.73
m’/year, respectively. These patients had a significant
eGFR improvement after switching to TAF-containing
regimens, with mean annual increases of 2.72 and 2.78
mL/min/1.73 m’, respectively (both p < 0.001) (39).

3.2 PWH with moderate renal impairment (30 < eGFR <
60 mL/min/1.73 m’).

TAF-containing regimens are safe for the kidneys in
HIV-infected patients with moderate renal impairment
(30 < eGFR < 60 mL/min/1.73 m®), according to
clinical trials and real-world studies. A Phase 3 clinical
trial switched 242 HIV-infected patients with viral
suppression and baseline eGFR of 30-69 mL/min to TAF-
containing regimens, and 42% and 49% of them had
significant proteinuria and albuminuria at baseline (40)
. In this study, 158 patients (65%) who had used TDF-
containing regimens at baseline improved their median
eGFR significantly at 144 weeks after switching to TAF-
containing regimens; while 84 patients (35%) who had
used non-TDF regimens at baseline did not change their
median eGFR significantly at 144 weeks after switching
to TAF-containing regimens. The urine RBP/Cr ratio and
B2-MG/Cr ratio improved significantly at 1 week and
remained stable for 144 weeks in patients who switched
from TDF-containing regimens to TAF-containing
regimens(40-42). The median UACR decreased from 41
mg/g at baseline to 10 mg/g at week 144. Patients did
not develop proximal tubular dysfunction or Fanconi
syndrome (4/7). Another prospective cohort study
showed that the proportion of patients with moderate
renal impairment decreased from 9.1% at baseline to
3.0% after 12 months of switching from TDF-containing
regimens to TAF-containing regimens (37) .

3.3 PWH with severe renal impairment (eGFR < 30 mL/
min/1.73 m®)

Few studies have explored the application of TAF-
containing regimens in HIV-infected patients with severe
renal impairment, but they suggest that these patients
can use TAF-containing regimens based on their clinical
needs. A Phase 1 clinical trial tested the safety of TAF in
non-HIV-infected patients with severe renal impairment
who did not receive hemodialysis. The study involved 14
non-HIV-infected patients with severe renal impairment
(mean eGFR of 24.0 mL/min) and 13 non-HIV-infected
patients with eGFR > 90 mL/min as a control group.
They received a single dose of TAF 25 mg and had a 14-
day follow-up. The results showed that the patients with
severe renal impairment had higher TAF exposure than
the control group, but the difference was not clinically
significant. The patients with severe renal impairment
also had higher TFV exposure than the control group,
but lower than the levels in previously studied subjects
without renal impairment who received a single dose
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of TDF 300 mg. The adverse event rates were similar
between the two groups (6 events in the severe renal
impairment group and 7 events in the control group),
and no clinically significant changes occurred in serum
creatinine or eGFR (43) . Although this study showed
preliminary safety of TAF in non-HIV-infected patients
with severe renal impairment who did not receive
hemodialysis, Phase 3 clinical trial data are lacking on the
use of TAF-containing regimens in HIV-infected patients
with severe renal impairment who did not receive
hemodialysis. Therefore, TAF-containing regimens
are not approved for use in HIV-infected patients with
estimated creatinine clearance (CrCl) of 15-30 mL/min
or with end-stage renal disease (ESRD, CrCl < 15 mL/
min) who did not receive long-term hemodialysis (44-46).
The safety of TAF-containing regimens in this subgroup
of HIV-infected patients requires further validation.

Phase 3 clinical trials and real-world studies show
that switching to TAF-containing regimens is safe and
tolerable for HIV-infected patients with ESRD who
receive hemodialysis, and maintains high virologic
suppression rates (47-57). A multicenter Phase 3b
study switched 55 HIV-infected patients with virologic
suppression and ESRD undergoing hemodialysis to E/c/
F/TAF, and during a 2-year period, only 4 patients (7.3%)
discontinued the treatment due to adverse events, with 2
cases related to the study drug. The patients had virologic
suppression rates of 81.8% at 1 year and 55% at 2 years
(47,48). In this study, 10 patients who completed 2 years
of E/c/F/TAF treatment entered an open-label extension
phase and switched to B/F/TAF treatment. At 1 year
of treatment, no patients discontinued the treatment
due to adverse events, and all patients had virologic
suppression (49). Another retrospective study of 17 HIV-
infected patients with ESRD undergoing hemodialysis
who switched ART regimens, with 15 patients switching
to TAF-containing regimens (12 of them to B/F/TAF),
showed that only 1 patient discontinued the treatment due
to adverse events, and the overall virologic suppression
rate was 82% at 1 year (50). Case reports also showed
that 6 HIV-infected patients with ESRD undergoing
hemodialysis who switched to B/F/TAF had no adverse
events, and the virologic suppression rate was 100% at
1 year (57). Based on these data, HIV-infected patients
with ESRD who undergo long-term hemodialysis can
use TAF-containing regimens; E/c/F/TAF, B/F/TAF,
and dolutegravir/rilpivirine (DTG/RPV) are the only
approved complete single-tablet regimens for HIV-
infected patients with ESRD who receive hemodialysis
(44,46,52).

4. Renal Safety Data of TAF-Containing Regimens in
PWH at Risk of Kidney Injury (Table 2)

4.1. Elderly PWH

Kidney disease is more likely in HIV-infected

individuals with advanced age(53,54), so renal safety of
antiretroviral drugs is crucial for elderly HIV-infected
patients on antiretroviral therapy. Subgroup analyses of
two large multicenter Phase 3 clinical trials showed good
renal safety of TAF-containing regimens in elderly HIV-
infected patients with normal renal function. The studies
involved 196 HIV-infected patients aged >50 years who
received B/F/TAF (n = 96), DTG+FTC/TAF (n = 59),
or DTG/ABC/3TC (n = 41). The baseline median (IQR)
eGFR values were 99.0 (83.7-114.0), 104.0 (84.2-121.8),
and 101.9 (83.2-130.5) mL/min, respectively. The 144-
week treatment results showed that no patients in the
B/F/TAF or DTG+FTC/TAF group discontinued the
treatment or developed proximal renal tubulopathy due
to renal adverse events, while one patient in the DTG/
ABC/3TC group discontinued the treatment due to renal
failure, which was not related to the study drugs. The
median eGFR changes at week 144 from baseline were
-9, -9, and -11 mL/min in the three HIV-infected groups,
which matched the effect of BIC and DTG inhibiting
creatinine secretion by inhibiting organic cation
transporter 2 (55).

Clinical trials and real-world studies show good
renal safety of TAF-containing regimens in elderly
HIV-infected patients with mild renal impairment. A
multicenter Phase 3 clinical trial switched 167 HIV-
infected patients aged > 60 years who had virologic
suppression and received TDF-containing regimens to
E/c/F/TAF (n = 111) or continued with TDF-containing
regimens (n = 56). The baseline median (IQR) eGFR
was 80 (68-91) mL/min. The 48-week treatment results
showed that both groups maintained stable eGFR and
serum creatinine levels. The E/c/F/TAF group improved
significantly in UACR, UPCR, RBP/Cr, and p2-MG/
Cr than the TDF-containing regimen group at week 48
(percentage change from baseline): UACR (-27.8%
vs. -7.7%, p = 0.0042), UPCR (-49.8% vs. -3.8%, p
= 0.00027), RBP/Cr (-41.5% vs. 15.2%, p < 0.0001),
and f2-MG/Cr (-58.7% vs. 13.6%, p < 0.0001) (56).
Another retrospective Italian cohort study of 93 HIV-
infected patients aged > 55 years who switched to B/F/
TAF-containing regimens had a baseline median (IQR)
eGFR of 83 (74-91) mL/min/1.73 m’. After 48 weeks
of switching, serum creatinine and eGFR levels did not
change significantly, and the median change compared
with baseline at 48 weeks was 0. (P-values were 0.073
and 0.737, respectively) (57).

TAF-containing regimens also keep renal function
stable in elderly HIV-infected patients with moderate
renal impairment. A Phase 3b clinical trial switched 86
HIV-infected patients aged > 65 years who had virologic
suppression and received E/c/F/TAF or TDF-containing
regimens to B/F/TAF treatment. The baseline median
(IQR) eGFR was 76.2 (39.6-130.2) mL/min (58).
The 96-week treatment results showed that there were
no renal adverse events, treatment discontinuations,
proximal renal tubulopathy, or Fanconi syndrome (58,59).
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A pooled analysis of four international clinical trials
switched 140 virologically suppressed HIV-infected
patients aged > 65 years from other regimens to B/F/TAF
treatment. The baseline median (range) eGFR was 74
(38-130) mL/min. The 48-week results showed a slight
and stable median eGFR decline (a decrease of 2.7 mL/
min from baseline at week 48), and no renal adverse
events, treatment discontinuations, or proximal renal
tubulopathy occurred in the patients (60).

4.2. People with HIV and hepatitis B virus (HBV) or
hepatitis C virus (HCV) co-infection

HBYV and HCV co-infection is an independent risk
factor for kidney disease in HIV-infected individuals
(61) . Studies show that TAF-containing regimens are
safe for the kidneys in two subgroups of patients. A
prospective cohort study switched 106 HIV/HBV co-
infected patients to TAF-containing regimens after
receiving TDF treatment and achieving HIV virologic
suppression. At baseline, 79.2% of the patients had
eGFR levels of 60-89 mL/min/1.73 m?, and 20.8% had
eGFR < 60 mL/min/1.73m?. After one year of TAF-
containing regimens, the mean (95% CI) eGFR levels
increased from baseline by 3.2 (1.2-5.2) mL/min/1.73m?
and 6.2 (2.4-10.0) mL/min/1.73 m? in the two groups
of patients, respectively. Additionally, the overall
population had a mean decrease of 6.3 mg/mmol in
UPCR compared to baseline. TAF-containing regimens
reversed the worsening trend in eGFR and UPCR in
the study patients during the year before baseline when
they received TDF-containing regimens (all P-values<
0.05) (62). Another Phase 3b clinical trial included 148
HIV-infected patients with HCV co-infection and HIV
virologic suppression who were randomly assigned
to rilpivirine(R)/F/TAF (n = 74) or E/c/F/TAF (n =
74) treatment. After 8§ weeks, they started a 12-week
course of HCV antiviral therapy while continuing with
TAF-containing regimens. The median (IQR) baseline
eGFR in the two groups of patients was 100 (75-118)
mL/min/1.73 m? and 99 (79-115) mL/min/1.73m?,
respectively. The results showed that the eGFR was
stable during the study period, and the median eGFR
change for the overall patients after 12 weeks of HCV
antiviral therapy was 0.1 mL/min/1.73m?. Furthermore,
the R/F/TAF group showed improvement in renal
function including UACR, RBP/Cr, and B2-MG/Cr,
with median changes from baseline of -6.9%, -27.6%,
and -70.0%, respectively. In the E/c/F/TAF group,
the median changes were -1.2%, -18.2%, and -52.7%
(63). In China, a multicenter study switched 243 HIV-
infected patients with concurrent HCV infection and
HIV virologic suppression to TAF-containing regimens
and started a 12-week course of HCV treatment after 4
weeks. The results showed good safety and tolerability,
and no patients discontinued treatment due to adverse
events (64).

4.3. PWH with comorbidities

Comorbidities such as diabetes and hypertension, or a
history of kidney disease, can increase the risk of kidney
disease in HIV-infected individuals (65,66). Several
studies suggest that TAF-containing regimens maintain
stable kidney function in HIV-infected patients with
these comorbidities(40,42,59,67,68). For example, in
the Phase 3b clinical trial mentioned above, 86 HIV-
infected patients aged > 65 years with a baseline median
(IQR) eGFR of 76.2 (39.6-130.2) mL/min (51.2% with
a history of hypertension) received TAF-containing
regimens for 96 weeks without renal adverse events,
treatment discontinuation, proximal renal tubulopathy, or
Fanconi syndrome (58,59) . In another Phase 3 study, 33
HIV-infected patients with moderate renal impairment
(baseline eGFR of 30-69 mL/min) and diabetes received
TAF-containing regimens for 96 weeks, resulting in
stable eGFR and improvements in UPCR, UACR,
RBP/Cr, and f2-MG/Cr (median values at baseline vs.
week 96): UPCR (269 vs. 135 mg/g), UACR (58 vs.
35 mg/g), RBP/Cr ratio (2,119 vs. 247 pg/g), and B2-
MG/Cr ratio (2,449 vs. 328 pg/g). Except for UACR,
all improvements were statistically significant(68). In
a multicenter, single-arm, open-label, Phase 4 clinical
trial, 31 HIV-infected patients with a history of TDF-
related proximal renal tubulopathy and eGFR >30 mL/
min/1.73 m? received F/TAF-containing regimens. The
baseline median eGFR (IQR) calculated using the serum
creatinine formula and cystatin C formula was 75 (69-
92) mL/min/1.73 m? and 60 (52-69) mL/min/1.73 m?,
respectively. The 96-week results showed no recurrence
of glycosuria or proximal renal tubulopathy. The eGFR
calculated using the creatinine formula declined slightly
(-1.9 mL/min/1.73 m?/year, p = 0.024), but the eGFR
calculated using the cystatin C formula did not decline
significantly (-0.9 mL/min/1.73 m*year, p = 0.16). Ten
and five cases of rapid eGFR decline (> 5 mL/min/1.73
m?/year) occurred based on the creatinine and cystatin
C formulas, respectively, but the relation to TAF was
unclear. The patients did not change significantly in
UACR, RBP/Cr, and phosphate excretion fraction (all
P-values > 0.2) (67).

In summary, clinical trials and real-world studies
show the renal safety of TAF-containing regimens
for HIV-infected patients, including those with renal
insufficiency or at risk of kidney injury. Individual case
reports of renal safety events in HIV-infected patients
treated with TAF-containing regimens exist, but most of
these patients had risk factors for kidney disease (such
as HCV co-infection, diabetes, hypertension, history of
kidney disease, or long-term use of antiretroviral drugs
with renal injury risk, such as TDF) (69-74). These
reports do not prove that TAF causes renal safety issues.
International guidelines recommend TAF-containing
regimens for most HIV-infected patients (75-77). HIV-
infected patients with renal impairment, including TDF-
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related renal injury, can also consider TAF-containing

regimens as a safe alternative. 14.

Funding: This work was supported by Shenzhen Science
and Technology Program (No. JCYJ20220530163212029)

15.
Conflict of Interest. The authors have no conflicts of
interest to disclose. 16.
References
17.
1. Cohen SD, Ingelfinger JR, Kopp JB, Kimmel PL. Kidney
Diseases Associated with Human Immunodeficiency Virus
Infection. N Engl J Med. 2017; 377:2363-2374. 18.
2. Shi R, Chen X, Lin H, Ding Y, He N. Incidence of
impaired kidney function among people with HIV: A
systematic review and meta-analysis. BMC Nephrol.
2022;23:107. 19.

3. Rosenberg AZ, Naicker S, Winkler CA, Kopp JB. HIV-
associated nephropathies: epidemiology, pathology,
mechanisms and treatment. Nat Rev Nephrol. 2015;
11:150-160.

4. Mocroft A, Kirk O, Gatell J, Reiss P, Gargalianos P,

Zilmer K, Beniowski M, Viard JP, Staszewski S, Lundgren 20.

JD. Chronic renal failure among HIV-1-infected patients.
AIDS. 2007; 21:1119-1127.

5. Estrella MM, Fine DM. Screening for chronic kidney
disease in HIV-infected patients. Adv Chronic Kidney Dis.
2010; 17:26-35.

6. Valdivia-Cerda V, Alvarez-Zavala M, Sanchez-Reyes K,

Cabrera-Silva RI, Ruiz-Herrera VV, Loza-Salazar AD, 21.

Martinez-Ayala P, Vazquez-Limon JC, Garcia-Garcia
G, Andrade-Villanueva JF, Gonzalez-Hernandez LA.
Prevalence and risk factors of chronic kidney disease in
an HIV positive Mexican cohort. BMC Nephrol. 2021;
22:317.

7. CaoY, Gong M, Han Y, Xie J, Li X, Zhang L, Li Y, Song X, 22.

Zhu T, Li T. Prevalence and risk factors for chronic kidney
disease among HIV-infected antiretroviral therapy-naive
patients in mainland China: A multicenter cross-sectional

study. Nephrology (Carlton). 2013; 18:307-312. 23.

8. Yanagisawa N, Ando M, Ajisawa A, Imamura A,
Suganuma A, Tsuchiya K, Nitta K. Clinical characteristics
of kidney disease in Japanese HIV-infected patients.
Nephron Clin Pract. 2011; 118:¢285-291.

9. Kim EJ, Ahn JY, Kim YJ, et al. The Prevalence and

Risk Factors of Renal Insufficiency among Korean HIV- 24,

Infected Patients: The Korea HIV/AIDS Cohort Study.
Infect Chemother. 2017; 49:194-204.

10. Zhao N, Xiang P, Zeng Z, Liang H, Wang F, Xiao J, Yang D,
Wang S, Chen M, Gao G. Prevalence and risk factors for
kidney disease among hospitalized PLWH in China. AIDS

Res Ther. 2023; 20:49. 25.

11. Lucas A, Wyatt CM. HIV at 40: kidney disease in HIV
treatment, prevention, and cure. Kidney Int. 2022;
102:740-749.

12. Jotwani V, Atta MG, Estrella MM. Kidney Disease in 26.

HIV: Moving beyond HIV-Associated Nephropathy. J Am
Soc Nephrol. 2017; 28:3142-3154.

13. Ma Q, Ocque AJ, Morse GD, Sanders C, Burgi A, Little
SJ, Letendre SL. Switching to Tenofovir Alafenamide
in Elvitegravir-Based Regimens: Pharmacokinetics and
Antiviral Activity in Cerebrospinal Fluid. Clin Infect Dis.

2020; 71:982-988.

Aloy B, Tazi I, Bagnis CI, Gauthier M, Janus N, Launay-
Vacher V, Deray G, Tourret J. Is Tenofovir Alafenamide
Safer than Tenofovir Disoproxil Fumarate for the
Kidneys? AIDS Rev. 2016; 18:184-192.

Nishijima T, Gatanaga H, Oka S. Tenofovir nephrotoxicity
among Asians living with HIV: review of the literature.
Glob Health Med. 2019; 1:88-94.

Tourret J, Deray G, Isnard-Bagnis C. Tenofovir Effect on
the Kidneys of HIV-Infected Patients. ] Am Soc Nephrol.
2013;24:1519-1527.

Tsai WS, Wang LS, Hsu YH, Lin YL, Fang TC, Hsu
BG. Tenofovir nephropathy in a patient with human
immunodeficiency virus. Tzu Chi Medical Journal. 2015;
27:83-86.

Sano T, Kawaguchi T, Ide T, Amano K, Kuwahara R,
Arinaga-Hino T, Torimura T. Tenofovir Alafenamide
Rescues Renal Tubules in Patients with Chronic Hepatitis
B. Life (Basel). 2021; 11:263.

Nishijima T, Komatsu H, Higasa K, Takano M, Tsuchiya
K, Hayashida T, Oka S, Gatanaga H. Single Nucleotide
Polymorphisms in ABCC2 Associate With Tenofovir-
Induced Kidney Tubular Dysfunction in Japanese Patients
With HIV-1 Infection: A Pharmacogenetic Study. Clin
Infect Dis. 2012; 55:1558-1567.

Avihingsanon A, Sophonphan J, Thammajaruk N,
Chaihong P, Burger DM, Cressey TR, Ramautarsing RA,
Praditornsilpa K, Avihingsanon Y, Ruxrungtham K, HIV-
NAT 114 study team. Plasma tenofovir concentrations
and proximal tubular dysfunction in HIV-Infected adults
receiving tenofovir in Thailand. J AIDS Clin Res. 2015;
6:477-483.

Rodriguez-Novoa S, Labarga P, D'Avolio A, Barreiro P,
Albalate M, Vispo E, Solera C, Siccardi M, Bonora S, Di
Perri G, Soriano V. Impairment in kidney tubular function
in patients receiving tenofovir is associated with higher
tenofovir plasma concentrations. AIDS. 2010; 24:1064-
1066.

Ray AS, Fordyce MW, Hitchcock MJM. Tenofovir
alafenamide: A novel prodrug of tenofovir for the
treatment of Human Immunodeficiency Virus. Antiviral
Res. 2016; 125:63-70.

Ruane PJ, Delesus E, Berger D, Markowitz M, Bredeek
UF, Callebaut C, Zhong L, Ramanathan S, Rhee MS,
Fordyce MW, Yale K. Antiviral activity, safety, and
pharmacokinetics/pharmacodynamics of tenofovir
alafenamide as 10-day monotherapy in HIV-1-positive
adults. J Acquir Immune Defic Syndr. 2013; 63:449-455.
Sax PE, Wohl D, Yin MT, et al. Tenofovir alafenamide
versus tenofovir disoproxil fumarate, coformulated with
elvitegravir, cobicistat, and emtricitabine, for initial
treatment of HIV-1 infection: Two randomised, double-
blind, phase 3, non-inferiority trials. The Lancet. 2015;
385:2606-2615.

Wassner C, Bradley N, Lee Y. A Review and Clinical
Understanding of Tenofovir: Tenofovir Disoproxil
Fumarate versus Tenofovir Alafenamide. J Int Assoc
Provid AIDS Care. 2020; 19:2325958220919231.

Gallant JE, Daar ES, Raffi F, ef al. Efficacy and safety
of tenofovir alafenamide versus tenofovir disoproxil
fumarate given as fixed-dose combinations containing
emtricitabine as backbones for treatment of HIV-1
infection in virologically suppressed adults: A randomised,
double-blind, active-controlled phase 3 trial. Lancet HIV.
2016; 3:e158-165.

www.biosciencetrends.com



BioScience Trends. 2024, 18(2):141-152.

150

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Raffi F, Orkin C, Clarke A, Slama L, Gallant J, Daar
E, Henry K, Santana-Bagur J, Stein DK, Bellos N,
Scarsella A, Yan M, Abram ME, Cheng A, Rhee MS.
Brief Report: Long-Term (96-Week) Efficacy and Safety
After Switching From Tenofovir Disoproxil Fumarate to
Tenofovir Alafenamide in HIV-Infected, Virologically
Suppressed Adults. J Acquir Immune Defic Syndr. 2017,
75:226-231.

Arribas JR, Thompson M, Sax PE, Haas B, McDonald
C, Wohl DA, Delesus E, Clarke AE, Guo S, Wang H,
Callebaut C, Plummer A, Cheng A, Das M, McCallister
S. Brief Report: Randomized, Double-Blind Comparison
of Tenofovir Alafenamide (TAF) vs Tenofovir Disoproxil
Fumarate (TDF), Each Coformulated With Elvitegravir,
Cobicistat, and Emtricitabine (E/C/F) for Initial HIV-
1 Treatment: Week 144 Results. J Acquir Immune Defic
Syndr. 2017; 75:211-218.

Mills A, Arribas JR, Andrade-Villanueva J, et al.
Switching from tenofovir disoproxil fumarate to tenofovir
alafenamide in antiretroviral regimens for virologically
suppressed adults with HIV-1 infection: a randomised,
active-controlled, multicentre, open-label, phase 3, non-
inferiority study. Lancet Infect Dis. 2016; 16:43-52.
Gupta SK, Post FA, Arribas JR, ef al. Renal safety of
tenofovir alafenamide vs. tenofovir disoproxil fumarate: a
pooled analysis of 26 clinical trials. AIDS. 2019; 33:1455-
1465.

Molina JM, Ward D, Brar I, Mills A, Stellbrink HJ, Lopez-
Cortés L, Ruane P, Podzamczer D, Brinson C, Custodio
J, Liu H, Andreatta K, Martin H, Cheng A, Quirk E.
Switching to fixed-dose bictegravir, emtricitabine, and
tenofovir alafenamide from dolutegravir plus abacavir
and lamivudine in virologically suppressed adults with
HIV-1: 48 week results of a randomised, double-blind,
multicentre, active-controlled, phase 3, non-inferiority
trial. Lancet HIV. 2018; 5:e357-e365.

Orkin C, Delesus E, Sax PE, et al. Fixed-dose
combination bictegravir, emtricitabine, and tenofovir
alafenamide versus dolutegravir-containing regimens for
initial treatment of HIV-1 infection: Week 144 results
from two randomised, double-blind, multicentre, phase 3,
non-inferiority trials. Lancet HIV. 2020; 7:¢389-e¢400.
Winston A, Post FA, Delesus E, et al. Tenofovir
alafenamide plus emtricitabine versus abacavir plus
lamivudine for treatment of virologically suppressed HIV-
1-infected adults: a randomised, double-blind, active-
controlled, non-inferiority phase 3 trial. Lancet HIV. 2018;
5:el62-el171.

Sax PE, Arribas JR, Orkin C, Lazzarin A, Pozniak A,
Delesus E, Maggiolo F, Stellbrink HJ, Yazdanpanah Y,
Acosta R, Huang H, Hindman JT, Martin H, Baeten JM,
Wohl D. Bictegravir/emtricitabine/tenofovir alafenamide
as initial treatment for HIV-1: five-year follow-up
from two randomized trials. EClinicalMedicine. 2023;
59:101991.

Decks ED. Bictegravir/emtricitabine/tenofovir
alafenamide: a review in HIV-1 infection. Drugs. 2018;
78:1817-1828.

Teira R, Diaz-Cuervo H, Aragao F, et al. eGFR-EPI
changes among HIV patients who switch from F/TDF
to F/TAF while maintaining the same third agent in the
Spanish VACH cohort. HIV Res Clin Pract. 2021; 22:78-
85.

Rieke A, Jessen H, Pauli R, Waizmann M, Heuchel T,
Postel N, Lymperopoulou C, Faghmous I, Diaz-Cuervo

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

H, Ramroth H. Real-world effects of treatment with
emtricitabine/tenofovir alafenamide versus emtricitabine/
tenofovir disoproxil fumarate-based regimens in people
living with HIV in a clinical cohort in Germany. https://
hivglasgow.org/wp-content/uploads/2018/11/P206-1.pdf
(accessed March 23, 2024).

Verwijs R, Wijting I, Kasteren Mv, Hollander JGd,
Derdelinckx I, Berk Gvd, Vrouenraets S, Claassen M,
Bierman W, Rokx C, Rijnders B. BACTAF-Prospective
Randomized Study & BACTAF-Retrospective Cohort
Study: eGFR Recovery 96 Weeks After a TDF toTAF or
ABC Switch for TDF-Associated EGFR Decline. https://
www.croiconference.org/wp-content/uploads/sites/2/
posters/2020/1430 2 Verwijs_00689.pdf (accessed March
23,2024).

Ibrahim F, Campbell L, Bailey AC, Stockwell S, Waters
L, Orkin C, Johnson M, Gompels M, De Burgh-Thomas
A, Jones R, Schembri G, Mallon PW, Post FA. Estimated
glomerular filtration rate slopes on tenofovir alafenamide.
HIV Med. 2020; 21:607-612.

Pozniak A, Arribas JR, Gathe J, et a/. Switching to
tenofovir alafenamide, coformulated with elvitegravir,
cobicistat, and emtricitabine, in HIV-infected patients
with renal impairment: 48-week results from a single-arm,
multicenter, open-label phase 3 study. J Acquir Immune
Defic Syndr. 2016; 71:530-537.

Podzamczer D, Arriba J, Clarke A, Cotte L, Mudrikova T,
Negredo E, Short WR, Jiang S, Cheng Am Das M. Adults
with renal impairment switching from tenofovir disoproxil
fumarate to tenofovir alafenamide have improved renal
and bone safety through 144 weeks. https://www.natap.
org/2017/IAS/IAS_65.htm (accessed March 23, 2024).
Post FA, Tebas P, Clarke A, Cotte L, Short WR, Abram
ME, Jiang S, Cheng A, Das M, Fordyce MW. Brief report:
Switching to tenofovir alafenamide, coformulat.ed with
elvitegravir, cobicistat, and emtricitabine, in HIV-infected
adults with renal impairment: 96-week results from a
single-arm, multicenter, open-label phase 3 study. J Acquir
Immune Defic Syndr. 2017; 74:180-184.

Custodio JM, Fordyce M, Garner W, Vimal M, Ling KHJ,
Kearney BP, Ramanathan S. Pharmacokinetics and safety
of tenofovir alafenamide in HIV-uninfected subjects with
severe renal impairment. Antimicrob Agents Chemother.
2016; 60:5135-5140.

Gilead Sciences. Full prescribing information for
BIKTARVY. https://www.accessdata.fda.gov/drugsatfda_
docs/label/2018/210251s0001bl.pdf (accessed March 23,
2024).

Gilead Sciences. Full prescribing information for
DESCOVY. https://www.accessdata.fda.gov/drugsatfda
docs/label/2021/208215s0171bl.pdf (accessed March 23,
2024).

Gilead Sciences. Full prescribing information for
GENVOYA. https://www.accessdata.fda.gov/drugsatfda
docs/label/2016/207561s0021bl.pdf (accessed March 23,
2024).

Eron JJ, Lelievre J-D, Kalayjian R, et al. Longer-
Term Safety and Efficacy of Elvitegravir/Cobicistat/
Emtricitabine/Tenofovir Alafenamide in Virologically
Suppressed Adults Living With HIV and End-Stage Renal
Disease on Chronic Hemodialysis. Open Forum Infect
Dis. 2019 Oct 23; 6(Suppl 2):S864.

Eron JJ, Lelievre J-D, Kalayjian R, et al. Safety of
elvitegravir, cobicistat, emtricitabine, and tenofovir
alafenamide in HIV-1-infected adults with end-stage renal

www.biosciencetrends.com



151 BioScience Trends. 2024, 18(2):141-152.

disease on chronic haemodialysis: an open-label, single-
arm, multicentre, phase 3b trial. Lancet HIV. 2018 Dec;
13:52352-3018(18)30296-0.

49. Eron JJ, Wilkin A, Ramgopal M, et al. A Daily Single- 61.

Tablet Regimen of Bictegravir/Emtricitabine/Tenofovir
Alafenamide in Virologically Suppressed Adults Living
With HIV and End-stage Renal Disease on Chronic
Hemodialysis. Open Forum Infect Dis. 2020 Dec 31;
7(Suppl 1):S529-530.

50. Otto A, Pecora Fulco p. A retrospective evaluation 62.

of highly active antiretroviral therapy simplification
in patients with end-stage renal disease receiving
hemodialysis. Int J] STD AIDS. 2021; 32:963-967.

51. Sidman EF, Ondrush NM. Utilization of bictegravir/
emtricitabine/tenofovir alafenamide in patients with end-
stage renal disease on hemodialysis. Am J Health Syst
Pharm. 2023; 80:€92-¢97.

52. GlaxoSmithKline. Full prescribing information for 63.

JULUCA. https://www.accessdata.fda.gov/drugsatfda
docs/label/2017/210192s0001bl.pdf (accessed March 23,
2024).

53. Alfano G, Cappelli G, Fontana F, Di Lullo L, Di lorio B, 64.

Bellasi A, Guaraldi G. Kidney Disease in HIV Infection. J
Clin Med. 2019; 8:1254 :1254.

54. Ando M, Ando Y. A high likelihood of increase in end-
stage renal disease among the Japanese HIV-infected

population. Renal Replacement Therapy. 2019; 5:1-9. 65.

55. Mills A, Gupta SK, Brinson C, Workowski K, Clarke A,

Antinori A, Stephens JL, Koenig E, Arribas JR, Asmuth 66.

DM, Ward D, Rockstroh JK, Huang H, Martin H, Brainar
DM. 144-Week Efficacy and Safety of B/F/TAF in
Treatment-Naive Adults Age >50 Years.https://www.

natap.org/2020/CROI/croi_50.htm (accessed March 23, 67.

2024).

56. Maggiolo F, Rizzardini G, Raffi F, Pulido F, Mateo-
Garcia MG, Molina J-M, Ong E, Shao Y, Piontkowsky D,
Das M. Bone mineral density in virologically suppressed
people aged 60 years or older with HIV-1 switching from
a regimen containing tenofovir disoproxil fumarate to

an elvitegravir, cobicistat, emtricitabine, and tenofovir 68.

alafenamide single-tablet regimen: a multicentre, open-
label, phase 3b, randomised trial. Lancet HIV. 2019;
6:€655-e666.

57. Lazzaro A, Cacciola EG, Borrazzo C, Innocenti GP,
Cavallari EN, Mezzaroma I, Falciano M, Fimiani C,

Mastroianni CM, Ceccarelli G. Switching to a bictegravir 69.

single tablet regimen in elderly people living with HIV-1:
data analysis from the BICTEL cohort. Diagnostics. 2021;

12:76. 70.

58. Maggiolo F, Rizzardini G, Molina J-M, et al. Bictegravir/
emtricitabine/tenofovir alafenamide in virologically

suppressed people with HIV aged> 65 years: week 48 71.

results of a phase 3b, open-label trial. Infect Dis Ther.
2021; 10:775-788.

59. Maggiolo F, Rizzardini G, Molina JM, et al. Bictegravir/
emtricitabine/tenofovir alafenamide in older individuals
with HIV: Results of a 96-week, phase 3b, open-label,

switch trial in virologically suppressed people> 65 years 72.

of'age. HIV Med. 2023; 24:27-36.
60. Ramgopal M, Maggiolo F, Ward D, Lebouche B,
Rizzardini G, Molina JM, Brinson C, Wang H, Gallant J,

Collins SE, McNichollIR, Martin H. Pooled analysis of 4 73.

international trials of bictegravir/emtricitabine/tenofovir
alafenamide (B/F/TAF) in adults aged > 65 or older
demonstrating safety and efficacy: week 48 results. https.://

www. hivandmore.de/kongresse/iac2020/Ramgopal
Pooled-BVY-W48-in-65yo-and-older AIDS-2020 _
OAB0403_Submitted.pdf (accessed March 23, 2024).
Mocroft A, Neuhaus J, Peters L, Ryom L, Bickel M, Grint
D, Koirala J, Szymczak A, Lundgren J, Ross MJ, Wyatt
CM, INSIGHT SMART Study Group; ESPRIT Study
Group. Hepatitis B and C co-infection are independent
predictors of progressive kidney disease in HIV-positive,
antiretroviral-treated adults. PLoS One. 2012; 7:¢40245.
Surial B, Béguelin C, Chave J-P, Stockle M, Boillat-
Blanco N, Doco-Lecompte T, Bernasconi E, Fehr J,
Giinthard HF, Schmid P, Walti LN, Furrer H, Rauch A,
Wandeler G; and the Swiss HIV Cohort Study. Brief
report: switching from TDF to TAF in HIV/HBV-
Coinfected individuals with renal dysfunction—a
prospective cohort study. J Acquir Immune Defic Syndr.
2020; 85:227-232.

Huhn GD, Ramgopal M, Jain MK, et al. HIV/HCV
therapy with ledipasvir/sofosbuvir after randomized
switch to emtricitabine-tenofovir alafenamide-based
single-tablet regimens. PLoS One. 2020; 15:0224875.
Lin W, Wang X, Zhang J, et al. A simple, feasible, efficient
and safe treatment strategy of sofosbuvir/velpatasvir for
chronic HCV/HIV-1 coinfected patients regardless of
HCV genotypes: a multicenter, open-label study in China.
Lancet Reg Health West Pac. 2023; 36:100749.

Wyatt CM. Kidney disease and HIV infection. Top Antivir
Med. 2017; 25:13-16.

Mwemezi O, Ruggajo P, Mngumi J, Furia FF.
Renal Dysfunction among HIV-Infected Patients on
Antiretroviral Therapy in Dar es Salaam, Tanzania: A
Cross-Sectional Study. Int J Nephrol. 2020; 2020:8378947.
Campbell L, Barbini B, Burling K, Cromarty B,
Hamzah L, Johnson M, Jones R, Samarawickrama A,
Williams D, Winston A, Post FA; FANTA trial team.
Safety of tenofovir alafenamide in people with HIV who
experienced proximal renal tubulopathy on tenofovir
disoproxil fumarate. J Acquir Immune Defic Syndr. 2021;
88:214-219.

Stein DK, Pozniak A, Gupta S, Post F, Arribas J, Bloch
M, Benson P, Crofoot G, Jiang S, Das M, Fordyce MW.
Tenofovir Alafenamide in Participants with Diabetes
and Renal Impairment: Renal Safety Through 96 Weeks.
https://www.natap.org/2016/HIV/062116 03.htm
(accessed March 23, 2024).

Abbasi AA, Patti R, Ghatak A, Seneviratne C, Kupfer Y,
Kamholz S. Tenofovir alafenamide-induced renal tubular
acidosis. Am J Ther. 2019; 26:¢627-¢628.

Bahr NC, Yarlagadda SG. Fanconi syndrome and
tenofovir alafenamide: A case report. Ann Intern Med.
2019; 170:814-815.

Lamarche J, Ibrahim BB, Velez AP, Peguero A, Courville
C, Antar M, Taha M. Tenofovir alafenamide and proximal
tubule mitochondrial toxicity. https.//cme.kidney.org/spa/
nkf2018scm/gallery/abstracts?abstractld=3957bdea-
6178-4e56-81f5-f7130cleefbe (accessed March 23,
2024).

Novick TK, Choi MJ, Rosenberg AZ, McMahon BA,
Fine D, Atta MG. Tenofovir alafenamide nephrotoxicity
in an HIV-positive patient: A case report. Medicine. 2017;
96:¢8046.

Serota DP, Franch HA, Cartwright EJ. Acute Kidney
Injury in a Patient on Tenofovir Alafenamide Fumarate
After Initiation of Treatment for Hepatitis C Virus
Infection. Open Forum Infect Dis. 2018; 5:0fy189.

www.biosciencetrends.com



BioScience Trends. 2024, 18(2):141-152.

152

74.

75.

76.

71.

Ueaphongsukkit T, Gatechompol S, Avihingsanon
A, Surintrspanont J, lampenkhae K, Avihingsanon
Y, Udomkarnjananun S. Tenofovir alafenamide
nephrotoxicity: A case report and literature review. AIDS
Res Ther. 2021; 18:53.

European AIDS Clinical Society. the EACS Guidelines
Version 12.0. https://www.eacsociety.org/media/
guidelines-12.0.pdf (accessed March 23, 2024).

Panel on Antiretroviral Guidelines for Adults and
Adolescents. Guidelines for the Use of Antiretroviral
Agents in Adults and Adolescents with HIV. https://
clinicalinfo.hiv.gov/en/guidelines/hiv-clinical-guidelines-
adult-and-adolescent-arv/whats-new (accessed March 23,
2024).

World Health Organization. Consolidated guidelines
on HIV prevention, testing, treatment, service delivery
and monitoring: Recommendations for a public
health approach. https://www.who.int/publications/i/

78.

item/9789240031593 (accessed March 23, 2024)

Ray AS, Fordyce MW, Hitchcock MJ. Tenofovir
alafenamide: A novel prodrug of tenofovir for the
treatment of Human Immunodeficiency Virus. Antiviral
Res. 2016; 125:63-70.

Received March 13 2024; Revised April 16, 2024; Accepted
April 19, 2024.

*Address correspondence to:

Hongzhou Lu, Department of Infectious Diseases, National
Clinical Research Center for Infectious Diseases, Shenzhen
Third People's Hospital, Shenzhen 518112, Guangdong
Province, China.

E-mail: luhongzhou@fudan.edu.cn

Released online in J-STAGE as advance publication April 24,
2024.

www.biosciencetrends.com



