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Abstract

Background: Tenofovir alafenamide (TAF), a novel prodrug of tenofovir (TFV), has become the preferred drug for
the treatment of HIV-1 and chronic hepatitis B infection in clinical practice. Results from clinical trials showed that it
had better renal and bone mineral outcomes compared to tenofovir disoproxil fumarate (TDF). However, as we have
seen with TDF, side effects from the new medication can be more prevalent and recognized after extensive use in real
world situations. Sporadic cases of acute kidney injury in patients using TAF have started to emerge.

Case presentation: We report a case of 49-year-old Thai, HIV treatment-experienced female with hypertension
presented with worsening renal function after switching her antiretroviral regimen from TDF, emtricitabine (FTC), and
lopinavir/ritonavir (LPV/r) to TAF, FTC and dolutegravir (DTG) for 3 months. Kidney biopsy showed distinctive picture of
tenofovir nephrotoxicity with acute tubular injury and mitochondrial injury. The possible causes of acute kidney injury
and nephrotoxicity from TAF for this patient were discussed. We have extensively reviewed all published case reports
of TAF-associated nephrotoxicity and summarized the essential information in this article.

Conclusion: Although TAF has less nephrotoxicity compared with TDF; renal function should always be monitored
after the initiation of both drugs. Future large cohort studies are required to identify the risk factors of TAF-associated
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nephrotoxicity and to design an effective preventive strategy.
Keywords: Tenofovir alafenamide, Acute kidney injury, Nephrotoxicity, Renal pathology, Mitochondria, HIV,

Introduction

Tenofovir (TFV) has become one of the backbone antiret-
roviral therapies (ART) in this era. However, the nephro-
toxicity profile which is caused by cytoplasmic and
intra-mitochondrial accumulation of TFV and results
in the messenger ribonucleic acid (mRNA) depletion,
mitochondrial deoxyribonucleic acid (DNA) depletion,
and oxidative respiratory chain dysfunction, eventually
contribute to proximal renal tubular abnormalities and
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renal insufficiency, limit its use in clinical practice [1, 2].
Tenofovir alafenamide (TAF) is a novel prodrug of TFV.
It has a more favorable renal and bone safety profiles
than its predecessor tenofovir disoproxil fumarate (TDF).
Since 2015, TAF was approved by the U.S. Food and Drug
Administration (FDA) as the first-line treatment of HIV
in adults and adolescents. It is recommended as the pre-
ferred nucleotide analogue reverse transcriptase inhibi-
tor (NRTI) backbone of the ART in the current HIV
treatment guidelines [3, 4]. Since TAF has become more
widely available, sporadic cases of acute kidney injury in
patients using TAF is increasing [5-9]. Here we present a
patient with TAF-containing ART regimen who came to
our hospital with kidney injury.

©The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0003-4087-9032
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12981-021-00380-w&domain=pdf

Ueaphongsukkit et al. AIDS Res Ther (2021) 18:53

Case presentation

The patient was a 49-year-old Thai female with HIV infec-
tion, hypertension, and dyslipidemia. She was diagnosed
with HIV infection since 1997 and had been exposed to
multiple antiretroviral medications. In October 2001, she
finally achieved undetectable viral load (<50 copies/mL).
In November 2015, she started to use TDF-based ART,
which was TDF, emtricitabine (FTC), and lopinavir/rito-
navir (LPV/r). Her serum creatinine and estimated glo-
merular filtration rate (eGFR) by CKD-EPI were stable
at <1 mg/dL and >80 ml/min/1.73m? since then.

In October 2019, her regimen was switched to a once
daily, fixed dose combination pill containing TAF 25 mg,
FTC 200 mg, and dolutegravir (DTG) 50 mg (TAF/FTC/
DTQG). Three months after she had changed her regi-
men (January 2020), serum creatinine increased from
baseline of 1.05 mg/dL to 1.47 mg/dL. At 6 months fol-
low-up (April 2020), her serum creatinine continuously
increased to 2.30 mg/dL which prompted further investi-
gation as described below.

Other concomitant medications included amlodipine
5 mg/day for hypertension and atorvastatin 20 mg/day
for dyslipidemia. However, in January 2020, her hyper-
tension was not well controlled and amlodipine was
increased to 10 mg/day.

Investigations

The patient’s baseline serum creatinine was within 0.8—
1.0 mg/dL and eGFR (CKD-EPI) was within 70-85 mL/
min/1.73m? as shown in Fig. 1. Retrospective review of
the medical record showed that she had persistent red
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blood cells (RBC) within the range of 3-5 cells/high
power field (HPF) in urine and 1+ proteinuria for nearly
eight years.

After starting of TAF/FTC/DTG, her serum creatinine
was rapidly increased to 2.30 mg/dL and eGFR declined
to 24 mL/min/1.73m>2 Creatine phosphokinase (CPK)
was within the normal range. Ultrasonography revealed
a mild dilatation at the left pelvicalyceal system and mild
hydronephrosis which could not be responsible for the
significant deterioration of the patient’s renal function.

A kidney biopsy was then performed. From the light
microscopic examination of the specimen, glomeruli with
mild mesangial expansion and mesangial hypercellular-
ity were detected (Fig. 2A). Some tubules showed apical
blebs and disrupted brush border (Fig. 2B). Apoptotic
tubular cells were occasionally seen (Fig. 2B). Eosino-
philic intracytoplasmic inclusions in the proximal tubu-
lar epithelial cells resembled to megamitochondria were
identified in a few tubules (Fig. 2C). Immunofluorescence
study showed granular staining of IgA 3+and C3 1+in
the mesangium. The pathological findings were compat-
ible with IgA nephropathy (Oxford classification M1 EO
S1 T1 C0) with acute tubular injury suspected to be from
drug toxicity (tenofovir).

Treatment and outcome

Since the patient’s renal function continuously declined,
TAF/FTC/DTG was discontinued. Lopinavir/ritonavir
and low dose lamivudine were prescribed thereafter.
After TAF/FTC/DTG was discontinued for 2 months,
her serum creatinine decreased to 1.82 mg/dL and
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Fig. 1 The patient’s serum creatinine and eGFR (CKD-EPI creatinine equation) before and after starting TAF/FTC/DTG
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Fig. 2 Kidney biopsy (hematoxylin and eosin staining, original magnification x 400). A A glomerulus with mild mesangial expansion and mesangial
hypercellularity. B Acute tubular injury showing apical blebs, disruption of the brush border, apoptotic and sloughing of the renal tubular epithelial
cells. € Megamitochondria is suspected from eosinophilic intracytoplasmic inclusions in the proximal tubular epithelial cells
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eGFR improved from 24 to 32 mL/min/1.73m? Her
renal function was stabilized within the eGFR range
of 35-40 mL/min/1.73m? during the next 6 months.
The patient had no hypophosphatemia or hypoka-
lemia. After renal function was steady, amlodipine was
switched to losartan to reduce proteinuria and control
the blood pressure. Patient’s proteinuria was stable at
1.5-2 g/day during the follow-up periods after the ini-
tiation of losartan. Urine RBCs was persistently posi-
tive for 1-5 cells/HPF. After discussed with the patient
regarding eGFR, proteinuria, and hypertension, kid-
ney biopsy will be reperformed if these parameters are
worsened, and corticosteroid is planned if there is a sig-
nificant progression of IgA nephropathy.

Discussion

This article presented a case report of the HIV-infected
patient who had an acute kidney injury while receiv-
ing TAF/FTC/DTG. Her renal function had been stable
for many years with the TDF-containing ART, before
switching to the culprit regimen. Many possibilities are
needed to be discussed of how her renal function was
deteriorated.

First, the pathological findings suggested that the
patient had a significant acute tubular injury which could
have been caused by tenofovir toxicity. Tenofovir (TFV)-
associated nephrotoxicity have long been described. It is
more well-known with TDF which is a prodrug of TFV.
TDF is converted to TFV in plasma and can damage the
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mitochondria of the proximal tubular cells [10]. Con-
versely, TAF is another TFV prodrug that is more stable
in the plasma and is converted to TFV intracellularly
[11]. Previous studies showed that therapeutic dose of
TAF has a better renal safety profile compared with
TDE, due to the fact that the level of TFV in the plasma
is lower, hence lessens the exposure of proximal tubu-
lar epithelial cells to TFV [12-14]. However, TFV from
TAF is still renally excreted and may cause tubular injury
[15-17]. A pharmacokinetic study of a single-dose TAF
administered to severe renal impairment participants
with eGFR 15-29 mL/min/1.73m? resulted in higher TAF
and TFV plasma levels compared to the matched normal
healthy controls with eGFR >90 mL/min/1.73m? [18]. As
a result, one can postulate that in patients with baseline
renal insufficiency, the regular dose of TAF could result
in higher plasma TFV level and lead to higher risk of
kidney injury, compared with the normal eGFR patients.
Case reports of TAF-associated nephrotoxicity were
reviewed and shown in Table 1. [5-9]. Most of the cases
had either underlying renal abnormalities or concurrent
use of nephrotoxic medications. These renal diseases
and co-medications possibly put the patients at risk of
TFV-associated nephrotoxicity by decreasing TFV renal
clearance [16]. In addition, renal diseases and medica-
tions could also be the causes of acute kidney injury by
themselves. Our patient might have an underlying stable
IgA nephropathy for a long period which did not display
any problem while TDF had been used. Moreover, TDF
was stopped for 3 months prior to the presentation and
8 months before the biopsy, while TAF was used at the
time of presentation. Hence, this information supports
the hypothesis that TAF, rather than TDEF, were the cause
of acute tubular injury in this case. However, we cannot
completely exclude the possibility that the histopathology
of TFV-associated nephrotoxicity was partly contributed
from TDF before replaced by TAF [19, 20]. However,
TDF solely cannot explain the clinical course of acute
kidney injury in this patient.

Second, DTG can inhibit organic cation transporter
2 (OCT?2) at the basolateral membrane of the proximal
renal tubular cells which mediates tubular uptake of
creatinine, results in decreasing of creatinine clearance
and rising of serum creatinine without changing the
true glomerular filtration rate [21-23]. From previous
studies, estimated decrease in creatinine clearance was
approximately 10-14% from baseline, and increase of
serum creatinine of less than 0.5 mg/dL [21, 24—27]. The
serum creatinine are usually stabilized after 2—4 weeks
of DTG initiation [25-27]. It is possible that DTG could
partly contribute to the rising of serum creatinine in this
patient. However, her renal function continued to decline
beyond the threshold of DTG effect, thus it is unlikely
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that DTG was the sole cause of an acute kidney injury.
However, there are still limited information of the phar-
macokinetic and drug interaction between DTG and TAF
in the Asian population. In a large randomized controlled
trial of DTG and TAF conducted in African patients with
creatinine clearance higher than 60 mL/min showed that
the combination of DTG and TAF had minimal adverse
effects [28]. However, pharmacogenomic of DTG and
TAF in Asians might be different from Africans. It is pos-
sible that this combination might increase the plasma
and intracellular TFV to the toxic levels. Additional phar-
macokinetics studies of DTG in combination with TAF in
Asian population are needed.

IgA nephropathy could have caused the patient’s
abnormal urinary sediments and proteinuria for many
years before this presentation. IgA nephropathy is the
most common primary glomerular disease in Asia and
has been associated with various inflammatory and
infectious diseases, including HIV infection [29, 30].
This patient might develop IgA nephropathy since 2012
when she started having microscopic hematuria and pro-
teinuria. The pathological findings based on the Oxford
(MEST) classification; mesangial hypercellularity (M1),
segmental glomerulosclerosis (S1), and tubular atro-
phy and interstitial fibrosis (T1) were all described as
poor prognostic markers for IgA nephropathy [31-35].
Thus, IgA nephropathy could be partly responsible to
renal function deterioration in our case. However, the
improvement and stabilization of renal function after
TAF discontinuation and before the initiation of losartan
cannot be exclusively explained by IgA nephropathy.

There are also some limitations in our report. Although
there was a pathological evidence of tubular injury from
tenofovir from the kidney biopsy, our case did not have
other laboratory abnormalities associated with proxi-
mal renal tubulopathy such as glucosuria, phosphaturia,
hypophosphatemia, hypokalemia, or metabolic acidosis.
However, certain group of patients can have tenofovir-
associated nephrotoxicity without classical laboratory
abnormalities as previously been reported [10, 36]. Since
the kidney pathology showed both the characteristics
of IgA nephropathy and tenofovir-nephrotoxicity, it is
worth to keep in mind that the combination of both,
rather than the single entity, had an effect on the patient’s
renal function.

In conclusion, the temporal relationship of the event
in our case suggested that the cause of acute kidney
disease could be multifactorial. However, the evidence
from kidney biopsy informed that the possibility of
TAF-associated nephrotoxicity could not be omitted.
Clinicians should be aware of this adverse effect of TAF,
especially when the drug is prescribed in patients with
an underlying renal disease. In these patients, renal
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function should be closely monitored after the ini-
tiation of TAF. Literatures review of TAF-associated
nephrotoxicity are summarized in Table 1, which the
general prognosis was good and renal function could
spontaneously recover after the withdrawal of the
medication.
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