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Abstract
A review of literature published regarding non-tenofovir
antiretroviral agents causing renal adverse effects was
conducted. The literature involving renal adverse effects
and antiretroviral therapy is most robust with protease
inhibitors, specifically atazanavir and indinavir, and includes
reports of crystalluria, leukocyturia, nephritis, nephrolithiasis,
nephropathy and urolithiasis. Several case reports describe
potential nephropathy (including Fanconi syndrome) secondary
to administration of abacavir, didanosine, lamivudine and
stavudine. Case reports documented renal events such as
acute renal failure, nephritis, proteinuria and renal stones
with efavirenz administration. Regarding rilpivirine, a small
increase of serum creatinine levels (SCr) was found in clinical
trials; however, the clinical significance and impact on actual

Introduction
The development and improved safety profile of antiretroviral
therapy (ART) has allowed patients living with human
immunodeficiency virus (HIV) to have a similar life expectancy
to those not living with HIV [1]. However, comorbidities and
ART may lead to renal injury [2]. The incidence of chronic
kidney disease (CKD) in patients living with HIV (PLWH) ranges
from 2 to 17% although the extent of renal injury depends on
individual patient factors [3].
Although tenofovir disoproxil fumarate (TDF) is frequently
considered as the antiretroviral most associated with renal
adverse reactions, several other agents have potential renal
adverse effects. These renal effects may include acute kidney
injury (AKI), increased serum creatinine levels (SCr), reduced
creatinine clearance (CrCl), reduced glomerular filtration
rate (GFR), nephrolithiasis, urolithiasis, Fanconi syndrome,
crystalluria, acute renal failure and progression to CKD [2].
Widely accepted mechanisms behind these renal insults
are the inhibition of renal transporters and mitochondrial
toxicities [4].

renal function is unknown. The integrase strand transfer
inhibitors and enfuvirtide have a relatively safe renal profile,
although studies have shown dolutegravir and raltegravir
cause mild elevations in SCr without an impact on actual
renal function. This is similar to the reaction observed with
cobicistat, the pharmacokinetic enhancer frequently given
with elvitegravir.
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Although recently a preferred initial component of ART,
atazanavir has been delegated to an alternate recommendation
in part owing to the advancement of the integrase strand
transfer inhibitors, which have better tolerability and no
significant association with renal-related adverse events.
Additionally, with the introduction of tenofovir alafenamide,
the use of TDF is expected to decrease in exchange for the
newer tenofovir salt. However, it is important to consider that
in countries with decreased access to newer, more tolerable
antiretroviral agents, many of the older agents more likely
of inducing adverse renal events will be relied upon. With
numerous antiretroviral agents available, clinicians must be
aware of ART impact on potential renal issues. As many reviews
of renal side effects focus on TDF, this will focus on non-TDF
antiretrovirals.

Data search
An English language literature search from January 1996
through December 2016 was conducted via Medline. The
search terms ‘human immunodeficiency virus’, ‘HIV’, ‘Acquired
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Immunodeficiency Syndrome’, ‘AIDS’ and ‘renal’ (in addition to
related medical subject heading [MeSH] terms) were used to
identify articles detailing any type of renal injury related to ART.
Any article detailing renal issues solely with TDF was excluded.
Among the articles identified for review, the citations were
reviewed for additional relevant references.

Nucleoside reverse transcriptase
inhibitors (NRTIs)
Abacavir (ABC)
A prospective international cohort study used adult
participants from the D:A:D study to investigate the correlation
between using ART and the development of CKD in PLWH
with normal renal function at baseline (estimated GFR
[eGFR] >90 mL/min) [5]. After adjusting for confounding
variables, cumulative exposure up to 6 years or more of ABC
did not increase CKD incidence. A retrospective study found
that patients with a history of hypertension (HR=2.39, p<0.0001)
and acute renal injury (HR=2.40, p<0.0001) had an increased risk
of developing CKD (defined as two consecutive eGFR [MDRD]
≤60 mL/min over ≥3 months) in addition to any ABC exposure
(HR=1.37, p=0.03) within the previous 6 months [6].
Two case reports describe varying degrees of renal impairment
with ABC use. One patient developed Fanconi syndrome with
nephrogenic diabetes insipidus (NDI) [7]. The second case
reported a male patient whose ART consisted of nelfinavir
(NFV), lamivudine (3TC) and stavudine (d4T) before NFV
was exchanged for ABC. The patient experienced flu-like
symptoms, low grade fever, SCr increase (1.7–3.7 mg/dL) and
malaise 5–7 days after switching to ABC. Biopsy found focal
segmental glomerulosclerosis in 2 of 12 glomeruli without
any evidence of HIV-associated nephropathy as well as acute
interstitial nephritis consisting of clusters of eosinophils, which
is indicative of drug-induced hypersensitivity reactions [8].
In both patients, ABC was discontinued and renal function
returned to normal. It should be noted that hypersensitivity
reactions have been reported within the first 4–6 weeks
of the use of ABC. Common symptoms include fever, skin
rash, fatigue, shortness of breath, cough, dyspnea and
gastrointestinal (GI) issues. Patients may have these symptoms
even if they have tested negative for the HLA B*5701 allele. It is
recommended that ABC is discontinued and not rechallenged,
as it could be life threatening [8].

Didanosine (ddI)
The development of Fanconi syndrome has been associated
with ddI use in multiple reports. Three separate cases
report patients treated with ddI presenting with metabolic
disturbances, hyperuricemia, hypophosphatemia, glycosuria
and elevated SCr levels. The first case confirmed the diagnosis
of Fanconi syndrome when a biopsy revealed proximal tubular
necrosis in addition to pancreatitis and NDI [9]. Interestingly, the
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patient in the second case had been on a long-term regimen
that included ddI and 3TC [10]. The third case reported a
diagnosis of NDI with polyuria polydipsia with large amounts of
urinary phosphate excretion [11]. All symptoms of renal tubular
dysfunction subsided once ddI therapy was discontinued. It
is suggested that high ddI concentrations are associated with
the development of NDI when coadministered with another
antiretroviral [11]. The development of ddI-associated renal
impairment has ranged from 19 months to 7 years from the
cases reported in the literature. These varying time frames may
be due to several factors including the interaction of other ART
that was added or removed from the patient’s regimen.

Lamivudine (3TC)
There have been multiple case reports of renal injury
associated with ART including 3TC. One report describes two
separate male patients who developed acute renal failure
and pancreatitis. Blood urea nitrogen (BUN) and SCr level
increased significantly in both cases (patient 1: 41.8 mmol/L
and 760.2 μmol/L; patient 2: 38.2 mmol/L and 654.2 μmol/L)
while receiving 3TC and full dose ritonavir (RTV) or saquinavir
(SQV). Antiretroviral treatment was discontinued and when
rechallenged, both patients presented with fever and
worsening abdominal pain. Once ART was discontinued, all
symptoms resolved and BUN/SCr levels normalized [12].
In a separate case report, a female patient developed Fanconi
syndrome with lactic acidosis while on d4T and 3TC. Fanconi
syndrome was attributed to injury of proximal renal tubular
cells resulting from mitochondrial toxicity owing to ART [13].
Renal mitochondrial dysfunction was reported in another
female patient that manifested into metabolic acidosis,
elevated lactate levels, excessive urinary loss of bicarbonate
and hypophosphatemia. This patient was also treated with 3TC
and d4T for 13 months [14]. In each case, discontinuation of all
ART improved all symptoms. These cases are further detailed in
the stavudine section.

Stavudine (d4T)
Several case reports have associated d4T use with metabolic
acidosis. One case describes a female PLWH who developed
Fanconi syndrome and lactic acidosis while receiving d4T and
3TC for 9 months [13]. The patient was diagnosed with a high
anion gap metabolic acidosis and her ART was subsequently
discontinued. Proximal renal tubular injury was evident as there
was a continued presence of glucose, phosphate and amino
acids in the urine. The study authors concluded d4T was the
likely cause as it is known to cause lactate levels to increase
and mitochondrial DNA toxicity [13]. The combination of
nucleoside analogues and protease inhibitors (PIs) may provoke
pancreatorenal syndrome in PLWH. A male PLWH experienced
severe abdominal pain and fever with continuous elevation of
BUN and SCr levels [12]. The patient’s regimen included d4T
(80 mg daily), 3TC (300 mg daily) and RTV (1200 mg daily).
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His symptoms began after the RTV dose was fully titrated.
After developing metabolic acidosis, his ART was discontinued
and dialysis was started. The authors noted that after resuming
ART the symptoms returned [12]. This case is also detailed in the
ritonavir section. A third case report described the incidence
of lactic acidosis and renal failure secondary to acute hepatic
failure in a patient on d4T and ddI for 18 months. The following
laboratory parameters were taken on admission: lactate
139.2 mg/dL, bicarbonate 2.8, pH 7.02, SCr 1.38 mg/dL and
BUN 35.9 mg/dL. Enlarged kidneys with perirenal effusion on
both sides were revealed in a computed tomography (CT) scan
performed on day 3. However, renal function parameters were
normal. The patient fully recovered after intensive supportive
care, 3 days of hemofiltration and ART discontinuation [15].
The following case report describes type B lactic acidosis in
five different patients. All patients had been treated with d4T
ranging from 7 to 12 months prior to hospital admission. Most
patients complained of abdominal pain, nausea, vomiting
and anorexia. CT scans revealed fatty liver disease in all five
patients and pancreatitis in two patients. The mean peak
lactate level was 10.3 mmol/L, and four of the five patients
improved between 4 and 60 weeks. One died 24 days after
hospital admission (serum lactate was 8.5 mmol/L), and an
autopsy revealed acute pancreatitis with fat necrosis, massive
hepatomegaly with fatty accumulation and acute renal
tubular necrosis. Two patients received d4T monotherapy
and the remaining patients were on d4T with either 3TC
or zidovudine [16]. In another case report, a female had
been treated with d4T and 3TC for 13 months. The patient
developed metabolic acidosis (pH 7.17), hypophosphatemia
(0.09 mmol/l) and presented with high levels of lactate (4.4.
mmol/l). As the patient’s serum lactate was elevated, it was
suspected that mitochondrial toxicity was induced by the use
of d4T or 3TC [14].

Non-nucleoside reverse
transcriptase inhibitors (NNRTIs)
Efavirenz (EFV)
Hypersensitivity reactions have been associated with the
utilization of EFV. Several case reports have concluded that
these reactions may have a negative impact on renal function.
EFV was implicated as the cause of acute renal failure following
a severe hypersensitivity reaction in a patient receiving
TDF, 3TC, EFV and prophylactic doses of sulfamethoxazole/
trimethoprim. Laboratory values and urinalysis revealed plasma
SCr of 4.7 mg/dL, hypertransaminasemia, microhematuria,
leukocyturia and granular casts present. The patient also
developed severe hepatitis and pneumonitis but had no skin
rashes or serum eosinophilia. TDF and 3TC were restarted and
RTV replaced EFV with no incident [17]. Another case report
described an event of acute interstitial nephritis in a male
patient who had been treated with EFV, LPV/ritonavir (/r) and
emtricitabine (FTC)/TDF for 5 years. The patient presented
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with a 4-day history of fever, anorexia, chest pain, reduced
urinary output and mild diarrhea. Urinalysis revealed mild
proteinuria and leukocytes in the urine. A renal biopsy showed
acute interstitial nephritis with the presence of neutrophils and
eosinophils. After treatment with prednisone and hemodialysis,
the patient resumed treatment with LPV/r, nevirapine (NVP) and
ABC/FTC with no complications [18].
The development of renal stones has also been attributed
to EFV use in several case reports. The first report includes a
male who developed pyelonephritis resulting from urinary
obstruction. The patient presented with fever, chills and a
6-week history of left flank pain. EFV had been added to his
regimen of ABC and 3TC 3 years prior. Laboratory parameters
showed elevated C-reactive protein 180 mg/L, SCr 128 mmol/L,
and leukocytes and bacteria in urine. The pyelonephritis led to
septic shock and an emergency catheterization was performed,
removing a 7-mm calculi composed of 50% EFV metabolites
(M4, M5 and M8) and 50% unspecified proteins. Prior to the
procedure SCr was 208 mmol/L and dropped to 112 mmol/l
4 days after. The patient resumed EFV treatment 6 months
after remaining asymptomatic [19]. Continuation of efavirenz
suggests that other factors may also have contributed to the
development of the renal stone; this hypothesis is supported by
the presence of 50% unspecified proteins upon stone analysis.
Another report discusses a male patient with an 8-week
duration of left flank pain while receiving EFV (600 mg), RTV
(100 mg) and atazanavir (ATV; 300 mg) for the previous 2 years.
The patient had a prior history of renal colic from unknown
causes but reported no events for over 13 years owing to
maintaining adequate hydration. SCr 166 mmol/L, C-reactive
protein was 109 mg/dL and radiography showed calculi in both
kidneys (3–4 mm and 1–2 mm). The patient spontaneously
passed a 3-mm stone that was composed of 60% EFV and 40%
unspecified proteins and the SCr levels dropped significantly
2 days later [20].
Although the use of EFV has been linked to the development of
renal stones, data suggest that EFV carries a lower risk compared
to ATV/r. A 45-month retrospective study in a large cohort
compared the rate of developing renal stones between ATV/r
(n=1000) versus a combined group of EFV, LPV/r, and darunavir
(DRV)/r (n=3293). After adjusting for previous exposure to
indinavir (IDV)/r exposure in each group, study authors concluded
that exposure to ATZ/r carried a higher risk of developing renal
stones compared to the EFV, LPV/r and DRV/r group cohort (5.67
vs 1.51 per 1000 patient years, respectively) [21]. This data is also
detailed in the atazanavir section.
Barbour et al. reported a different type of renal impairment
induced by EFV. In July 2004, a male patient presented to a
renal clinic for elevated blood pressure and proteinuria. A
24-hour urine collection contained 8.1 g of protein and an
ultrasound (US) showed cortical atrophy on both kidneys.
Results from a renal biopsy confirmed focal interstitial
fibrosis with no inflammation present with normal tubules
and glomeruli. Months later EFV was discontinued owing to
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nightmares and NVP (200 mg) was initiated. The proteinuria
gradually decreased and normalized over 6 months. The
presence of proteinuria is indicative of podocyte damage,
which likely resulted from the use of EFV [22].

Rilpivirine (RPV)
The ECHO trial was a Phase III, randomized, double blind,
active-controlled trial. It compared the efficacy, safety and
tolerability of RPV (n=346) with EFV (n=344) in ART naïve PLWH.
Both treatment group regimens also included TDF and FTC.
There were no discontinuations in either treatment groups
resulting from renal adverse events. Results revealed a small
increase in the SCr level for the RPV group during the first
treatment that remained stable over the remaining weeks.
Estimated GFR levels were slightly below baseline as well, but
were within normal limits. The study authors reaffirmed that
RPV induced an increase in the SCr level, however, did not
directly cause renal toxicity [23]. An analysis of the ECHO and
THRIVE trial results compared the safety and efficacy of RPV
(25 mg) with EFV (600 mg). There were no discontinuations of
treatment related to renal adverse events. There was a small
median increase in the SCr level in the RPV group (0.1 mg/dL)
compared to EFV (0.01 mg/dL); however, the cystatin C levels
did not show a decrease in GFR. This suggests that RPV inhibits
the secretion of SCr and does not cause direct renal injury [24].
A study by Moss et al. investigated potential drug–drug
interactions resulting from the inhibition or transport of RPV
by various drug transporters [25]. RPV has the potential to
impact substrates of ABCB1 transporter moving across the
brush border membrane of proximal tubular cells in the kidney.
Contrary to two separate efficacy studies reporting that a
small increase in SCr level may have ensued from the inhibition
renal proximal transporters by RPV, Moss et al. affirmed that it
could not be explained by this mechanism [23–25]. However,
the authors noted that SLC22A1 may contribute to variability
in rilpivirine exposure, thereby affecting the interaction of
rilpivirine with ABCB1 [25].

Integrase strand transfer
inhibitors (INSTIs)
Dolutegravir (DTG)
Koteff et al. investigated the effects of DTG on SCr levels in 34
healthy patients over a 14-day period. The study was an open
label, randomized, parallel, placebo-controlled study consisting
of three different groups: DTG (50 mg daily), DTG
(50 mg twice daily) and placebo (daily). Participants
also received iohexol, which is freely filtered, and paraaminohippurate (PAH) on days 1, 7 and 14 to determine if
DTG has an impact on glomerular filtration and renal blood
flow. Additional GFR and tubular function biomarkers such
as albumin, total protein and cystatin C were measured. The
authors concluded that DTG (50 mg daily and twice daily)
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does not impact glomerular filtration or renal blood flow. They
confirmed DTG may increase SCr levels by 10–14%. However,
its effects are reversible and nonpathological [26]. Reese et al.
investigated the metabolizing pathways and transporters
involved in the distribution of DTG to determine potential
drug–drug interactions. The study authors reported that DTG
inhibits renal transporter OCT2, resulting in a mild increase in
SCr that is reversible [27]. Eadon et al. subsequently reported
that other specific biomarkers showed no evidence of renal
injury [28]. Dolutegravir is eliminated (approximately 64%)
in feces [29].
A single center, retrospective chart review assessed SCr and
CrCl in newly diagnosed PLWH. Twenty-four patients were
administered DTG and three or more SCr levels drawn within
60 weeks. The results confirmed that DTG increases the
SCr levels initially but remains stable throughout the
treatment. Only two patients on DTG had a decline in
CrCl; however, the drug was not discontinued [30]. Small,
nonprogressive increases in the SCr level were reported in
the SPRING-1 trial [31]. In the SPRING-2 trial, 15 patients in the
DTG group had grade 1–2 ‘treatment-emergent creatinine
toxic effects’ but no discontinuations were caused by renal
events [32].

Elvitegravir (EVG)
When EVG is administered alone, it is metabolized by the
liver into two metabolites. A clinical pharmacokinetic and
pharmacodynamic study found 6.7% of radioactive EVG/
RTV ([14C]) was eliminated in the urine with no traces of
unchanged parent drug observed in the urine. The study
also concluded that 94.8% of the integrase inhibitor was
eliminated in the feces via hepatobiliary excretion. These
findings demonstrate that the metabolism and elimination
profile of EVG will likely not affect PLWH that also have renal
impairment [33]. As EVG is coadministered with cobicistat
(COBI), it may be difficult to separate any adverse events
occurring between these two agents. COBI is reviewed as an
individual agent in its own section.

Raltegravir (RAL)
Two separate studies showed RAL is responsible for
increased SCr levels without inducing renal injury. The first
trial aimed to determine the renal effects of a 2-week, high
dose regimen of RAL (0.2 mg/mL) in C57BL/6 mice. The
study authors used 18 mice and categorized them into three
different treatment groups: standard water, RAL-containing
water (40 mg/kg/day) or DTG-containing water (2.7 mg/
kg/day). The dose of RAL was determined by a previously
published mouse model [34]. Both study groups were
administered doses four times over the normal human dose
of either integrase inhibitor and each mouse consumed an
average 4.3 mL of water per day. Results confirmed that RAL
significantly increases the SCr levels (0.25 mg/dL) compared
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to control (0.17 mg/dL). The study authors concluded that
there were no direct signs of nephrotoxicity and attributed
the increase in the SCr level to the direct inhibition of renal
OCT2 transporters [28]. The second trial was a single center,
retrospective chart review that assessed SCr and CrCl in
newly diagnosed PLWH. Twenty-nine patients were initiated
on RAL and patients had a minimum of three SCr levels
drawn within 60 weeks. Results revealed that RAL causes an
initial increase in SCr levels that remains stable throughout
the treatment [30].
Vassallo et al. provided the first case report of recurrent acute
renal colic in a 25-year-old female living with HIV being treated
with RAL, FTC/TDF, DRV and RTV. The patient had presented
with right flank pain and a mild fever. A CT scan showed right
obstructive kidney infection with an 8-mm kidney stone. Stone
analysis revealed that it was primarily composed of RAL (269
µg/mg), along with RTV (23.1 µg/mg) and DRV (15.6 µg/mg).
The plasma concentration and renal clearance of RAL were
within normal limits, suggesting stone formation was not dose
dependent [35]. Renal function was followed over a 12-week
period in a renal transplant patient who was receiving RAL. The
patient’s CrCl steadily declined after starting RAL, 3TC and TDF
(baseline: 62 mL/min, 12th week: 60 mL/min and follow up:
46 mL/min) [36]. Interestingly, another case reports a PLWH
with normal renal function who developed acute renal failure
while being treated with RAL and FTC/TDF. Three months prior
to hospital admission, the patient’s SCr level was 1 mg/dL. The
patient complained of muscle pain in the dorsolumbar region,
abdomen and neck. Dark urine, oliguria and elevated levels of
phosphorus (7.23 mg/dL), AST (177 U/L) and ALT (196 U/L) were
also found. The patient was given six sessions of hemodialysis,
which improved his renal function and increased his diuresis.
SCr was 1.8 mg/dL 16 days after admission and 1.1 mg/dL 21
days later. The renal injury was attributed to the development
of rhabdomyolysis; however, the ART could have been directly
responsible because the patient did not have any predisposing
conditions [37]. Although tenofovir may have likely contributed
to potential renal effects in these cases, raltegravir should be
considered as an offending agent if all other causes of renal
impairment have been excluded.
Contrary to previous trials, Gupta et al. reported that RAL
can cause glomerular injury as this study found an increase
in serum cystatin C and SCr levels. The 24-week long, single
center, open-label, randomized trial consisted of 13 adult
PLWH who remained on their current regimen of TDF/FTC/
EFV and 15 patients who were switched to TDF/FTC and
RAL. Renal function was estimated as CrCl (Cockcroft–Gault
equation) and eGFR (cystatin C and cystatin C-creatinine).
Results from the switch group showed significant decreases
in CrCl at week 24 and reduction in eGFR estimates at week 8
that continued through week 24. Study authors noted that RAL
reduces the plasma concentrations of TDF, indicating that renal
impairments are likely produced by RAL [38]. It should also be
considered that there may be an interaction between TDF renal
toxicity and RAL use.
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Protease inhibitors (PIs)
Amprenavir (AMP)
A single case report described a PLWH who developed a
urinary stone secondary to AMP exposure. The patient had
a history of urinary stones, having developed two stones
composed of NFV (99%) and IDV (1%). The patient presented
with right flank pain and recurrent urinary tract infections, and
CT revealed five stones between the left and right kidneys.
One stone was composed of 95% unmodified AMP and 5% RTV
[39]. Surprisingly, no similar reports were found involving its
prodrug formulation, fosamprenavir.

Atazanavir (ATV)
A relationship between urolithiasis and ATV administration
has been well documented. Reports detail five patients who
developed urolithiasis, four of which presented with typical
renal colic symptoms (abdominal pain, nausea, vomiting and
flank pain) and three were confirmed through imaging. ATV
composition ranged from 41 to 100% in stone analysis from
four patients [40–44]. ATV/r was reduced to 200/100 mg daily
in the asymptomatic patient. No new stones were reported
and HIV RNA remained undetectable [42]. Over a 5-year period,
30 cases of ATV-induced nephrolithiasis were reported in the
Adverse Event Report System (AERS) of the Food and Drug
Administration (FDA). Twelve cases reported stones composed
of ATV with six cases including percent composition (40–100%).
ATV was discontinued in 30% of cases [45]. ATV-associated
urolithiasis was reported in 11 (0.97%) patients out of a
review of 1134 patients. Four patients had a previous history
of urolithiasis, and all patients had urolithiasis-associated
symptoms. Stone composition ranged from 10 to 100% ATV
[46]. A case–control comparison of 30 patients who developed
nephrolithiasis (defined as stone composition containing
ATV) following boosted or unboosted ATV administration
and controls (n=90) who received boosted or unboosted ATV
without associated nephrolithiasis was conducted. A history
of IDV usage (44.8 vs 20%, p=0.02), urolithiasis secondary to
IDV use (26.7 vs 1.2%, p=0.001) and a history of urolithiasis
prior to ATV introduction (36.7 vs 7.8%, p=0.01) were more
frequent in cases compared to controls. The median ATV stone
composition was 89% (IQR 59.0–95%) [47].
In a retrospective study of 465 patients taking ATV/r and
775 patients taking other PIs, renal stone development was
documented in a higher percentage of patients taking ATV
(6.7%) compared to those taking other PIs (0.52%, hazard ratio
[HR] 10.44, 95% CI: 3.685–29.59; p=0.001). Factors associated
with stone formation were lower baseline eGFR (HR 1.189,
95% CI: 1.042–1.336; p=0.009) and higher baseline uric acid
level (HR 1.334, 95% CI: 1.085–1.640; p=0.006) [48]. In a second
retrospective cohort, the incidence of nephrolithiasis for
patients on DRV/r (n=540) was compared to patients taking
ATV/r (n=517). There were 37 (7.1%) patients taking ATV/r
with nephrolithiasis compared to 1 (0.2%) of patients taking
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DRV/r (HR 26.01, 95% CI: 3.541–191.0; p=0.001). ATV/r was found
to have a significantly higher incidence (20.2 per 1000 patient
years) of nephrolithiasis compared to DRV based regimens
(0.86 per 1000 patient years) [49]. Another retrospective cohort
compared the incidence of nephrolithiasis for ATV/r regimens
(n=1206) compared to DRV/r, LPV/r and EFV based ART
(n=4449). The rate of nephrolithiasis development for ATV/r
was 7.3 per 1000 patient years (95% CI: 4.7–10.8) compared
to 1.9 per 1000 patient years (95% CI: 1.2–2.8) for the DRV/r,
LPV/r and EFV group (p=0.001) [21].
There are five case reports documenting ATV-induced
crystalluria in patients receiving ATV/r 300/100 mg daily. Four
patients experienced increased SCr levels (122–195% increase
from baseline) with two patients developing tubulointerstitial
nephritis (TIN) and another who eventually required
hemodialysis. Two patients had confirmed crystals primarily
composed (>60%) of ATV. ATV/r was discontinued in three cases
resulting in either a stabilization or return to baseline of SCr
level [50–54]. Another patient was diagnosed with TIN without
crystalluria following presentation of weakness and lethargy
after receiving ATV 400 mg daily for 4 weeks. There was a
large increase in the SCr level (1.4–11.1 mg/L) and renal biopsy
showed TIN with no obstruction found. ATV was discontinued
and renal function returned to baseline [55].
Studies have also assessed ATV plasma levels and incidence
of nephrotoxicity or urolithiasis. During a study of 98 patients,
nine (9.18%) experienced renal colic and six of these had urinary
crystals with three composed of ATV. The mean ATV level for
those with urolithiasis was slightly higher (1303 vs 1161 mg/L)
but did not reach statistical significance. Twelve patients
(16.2%) met criteria for renal failure (eGFR <60 mL/min or eGFR
decrease of 20 mL/min) and higher ATV plasma levels were
not associated with renal failure [56]. Studies were conducted
involving potential single nucleotide polymorphisms (SNPs)
associated with ATV metabolism. In those who received boosted
or unboosted ATV and developed urolithiasis, there was an
association of SNPs at three different locations with an increased
incidence of urolithiasis compared to controls. Only patients of
Japanese and East Asian descent were enrolled. The authors
commented that the allele variant studied is more common
in those of African and European origin based on previous
gene mapping, indicating the possibility that ATV-induced
nephrolithiasis may be more common in those patients [57].
ATV plasma and urine levels were collected in patients
receiving either ATV 400 mg or ATV/r 300/100 mg in
asymptomatic patients. The median ATV urine level was
significantly higher than median plasma level for ATV 400 mg
(14.3 mg/L, range 0.15–50.5 vs 0.5 mg/L, range 0.1–11.5 mg/L;
p=0.001) and ATV/r 300/100 mg (22.3 mg/L, range 0.25–99.0 vs
1.3 mg/L, range 0.2–4.3 mg/L, respectively; p=0.001). Among
the 78 patients receiving ATV, 8.9% (95% CI: 2.6–15.2) had
crystals composed of ATV. All had received ATV/r. Duration of
ATV therapy was the only factor associated with ATV crystals
(p=0.044) [58].
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Two case reports have documented AKI secondary to ATV
administration. One patient had no baseline renal impairment
(SCr 1.14 mg/dL) and was receiving ATV/r 300/100 mg while the
other patient had baseline renal impairment (SCr 2.0 mg/dL)
and was treated with ATV 400 mg daily. After receiving ATV for
several weeks, both patients experienced a doubling of SCr
level, at which point ATV was discontinued and the SCr level
returned to normal [59,60].
Numerous studies have shown a potential impact of ATV on
CKD progression. One study assessed patients taking either
ATV 400 mg (n=189) or ATV/r 300/100 mg (n=180) daily with
baseline eGFR (using MDRD) >50 mL/min. After 144 weeks
of therapy, no significant change in eGFR was observed
between groups (p=0.4297) with a similar decrease for ATV
(29%) and ATV/r (28%) [61]. A large prospective study followed
patients from ART initiation until CKD progression (eGFR
<60 mL/min/1.73 m2 using Cockcroft–Gault or >25% decline
if baseline eGFR <60 mL/min/1.73 m2). For each additional
year of ATV exposure, there was a 22% increased incidence
rate ratio (IRR 1.21, 95% CI: 1.09–1.34; p=0.003) in CKD
progression [62]. In a large retrospective study assessing CKD
progression (eGFR <60 mL/min/1.73 m2 using Cockcroft–Gault)
in those with baseline eGFR >90 mL/min/1.73 m2, ATV/r was
found to have a 20% increased incidence to CKD progression
with each additional year of exposure (aIRR 1.20, 95% CI:
1.13–1.26; p=0.0001). With 5 years of ATV/r exposure, the
incidence doubled (IRR 2.44, 95% CI: 1.86–3.21; p=0.0001) [5].
ATV/r was associated with an increased incidence of eGFR
<70 mL/min (aIRR 1.19/year, 95% CI: 1.09–1.32/year) but not
eGFR <60 mL/min (aIRR 1.14/year, 95% CI: 0.93–1.39/year) in
patients receiving ART with baseline eGFR >90 mL/min/1.73 m2
(using Cockcroft–Gault) [63]. The REMAIN study observed
adult, treatment-naïve PLWH starting a regimen including
ATV/r. During follow up, there was a nonsignificant mean
change in eGFR after 5 years of therapy (–1.3 mL/min, 95% CI:
–30.3–27.8 mL/min) with a 2.6% incidence of progressing to
eGFR < 60 mL/min [64]. This incidence of CKD progression to
eGFR < 60 mL/min is similar to that previous studies found for
patients receiving any ART (0.6–3.3%) [5,62,63].
One proposed mechanism for ATV-associated AKI or TIN is ATVinduced leukocyturia. However, a retrospective study assessing
patients on boosted or unboosted ATV (n=105, baseline eGFR
using CKD-EPI: 112.6 mL/min/1.73 m2) found no patients with
leukocyturia (defined as WBC >5 cells) at last assessment.
Patients were followed over a median of 421 days (range
208–914). Five patients with leukocyturia at baseline had
less than 5 WBCs at last assessment. There was no significant
decrease in eGFR (–0.3187 mL/min/1.73 m2, p=0.689) [65].
Patients with stable HIV disease (n=49, undetectable viral load
and CD4 >200 cells/mm3) who were receiving either ATV or
ATV/r had ATV plasma levels obtained to assess any association
with ATV and renal function. Although the ATV level was
significantly higher in patients receiving ATV/r (1438 ± 1287 mg/L)
compared to ATV alone (612 ± 600 mg/L, p=0.028), there was
no difference in renal function [66].
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Darunavir (DRV)
The literature describing impact of DRV on renal-related
adverse effects is sparse. DRV urine concentrations and crystal
formation was assessed in a study of patients receiving DRV/r
800/100 mg (n=98) daily or 1200/200 mg (n=25) total daily dose.
DRV levels were approximately 13 times more concentrated in
the urine compared to plasma. The median urine and plasma
concentration for patients on DRV/r 800/100 mg (2.35 mg/L,
range 0.1–12.5 and 26.9 mg/L, range 0.6–112 mg/L, respectively)
and DRV/r 1200/200 mg total daily dose (3.69 mg/L, range
0.08–11.3 and 29.7 mg/L, range 0.53–182 mg/L, respectively)
were similar. Urine crystal analysis was performed on 51 patients
between the DRV/r dosing regimens, and only four patients
(three on DRV/r 800/100 mg) had crystals containing DRV
(7.8%, CI: 0.4–15.2). There was no significant difference for DRV
plasma and urine levels, duration of DRV treatment or urine pH
for patients who developed crystals and those who did not [58].

Indinavir (IDV)
IDV has an extensive history of renal-related adverse effects
ranging from urolithiasis to CKD progression. A retrospective
study of patients who received IDV found 7.3% had a renalrelated event. These events included loin pain (58%), renal
colic (42%) and dysuria with either loin pain or renal colic (19%).
Elevated SCr levels (>1.35 mg/dL) were found in 19% of patients
with loin pain and 22% with renal colic. Potential precipitating
events were documented in 26% of patients, including fluid
depletion or dose increase. The only risk factor associated
with an increased risk of renal events was concurrent acyclovir
use (OR 1.99, 95% CI: 1.14–3.51; p=0.016) [67]. Another study
attempted to seek potential risk factors for urological symptoms
with IDV use. Patients receiving IDV (n=644) were compared
to those receiving a different PI (n=1219). Urological symptoms
were experienced in 9% of patients receiving IDV compared to
4% on a different PI (RR 8.7, 95% CI: 7.4–10.2). Lean body mass
less than 68 kg, HIV RNA less than 1000 copies/mL, absence of
co-trimoxazole use and previous change of ART secondary to
intolerance were associated with urologic symptoms [68].
IDV plasma samples obtained in patients with urological
symptoms were compared to controls without symptoms.
Among those with symptoms, 80% had a level higher than the
upper 95% confidence limit for controls. The mean ratio IDV
plasma concentration for symptomatic patients to controls was
significantly higher (2.64, 95% CI: 1.68–4.14; p=0.05) [69]. One study
found by simulating the environment within the descending Loop
of Henle (pH 7.4, temperature 37°C), a plasma IDV concentration of
6.4 mg/L was needed to precipitate IDV crystallization [70].
Two prospective studies assessed the presence of leukocyturia
(defined as >75 cells/µL) in adults (n=184) and children (n=30)
receiving IDV. Leukocyturia was experienced in 35% of adults
and 53% of children, while persistent leukocyturia (defined as
two separate episodes of leukocyturia) was found in 24% of
adults and 37% of children. Cmax higher than 9 mg/L for adults
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was associated with higher risk of persistent leukocyturia
(RR 2.5, 95% CI: 1.1–5.8) [71,72]. Adult patients with a median
IDV plasma level of at least 9 mg/L had a RR 2.5 (95% CI:
1.1–5.8 mg/L) to experience persistent leukocyturia [71].
One retrospective study followed 240 patients receiving IDV,
of which 19 (7.9%) had symptoms of either nephrolithiasis
with flank pain, flank pain with no renal stones or dysuria and
urinary frequency. Among these, 16 had a urinalysis with all
samples having IDV crystals confirmed. Asymptomatic IDV
crystalluria was found in 20% of these patients [73]. Another
study followed IDV treated patients (n=54) without renal
manifestations. During 1 year of observation, 66.6% developed
IDV crystalluria and 24% of the 579 samples collected contained
IDV crystals [74]. Several case reports and studies illustrate the
association between IDV and urolithiasis. Two case reports
describe IDV-associated crystalluria [75,76]. A multitude of
patients from these reports presented with flank pain and had
stones or crystals in the urine [77–86].
There are seven studies assessing the development of renal
colic in patients receiving IDV. These studies included patients
(n=2557; range 79–758) who were receiving IDV 800 mg
twice or three times daily. Between the studies, 350 patients
experienced renal colic (13.6%, range 4–28.4%) [87–93]. Three
studies analyzed a total of 15 stones for IDV composition, of
which three returned with IDV [88,91,92]. IDV discontinuation
was documented in three studies (n=153, range 7–96) [88,90,91].
The incidence of renal colic was correlated with increasing
environmental temperature as observed during warmer
months (r=0.894, p=0.0001) [90].
Case reports detail 15 patients (16–60 years old) receiving IDV
(doses ranging from 800 mg three times weekly to 2400 mg
three times daily) who experienced suspected IDV-associated
nephropathy. Thirteen patients experienced increased SCr
levels from baseline, with elevations 140–335% [94–103]. Nine
patients had renal biopsies performed, two of which had
evidence of sclerotic glomeruli, two described tubular atrophy
and all had crystals present in either the collecting ducts and/or
tubules [95,97,98,100–103]. Four other patients had nephropathy
confirmed through either pyelogram or renal US that revealed
renal atrophy [96,104,105]. One patient was diagnosed with
nephropathy owing to increasing SCr (1.2–1.7 mg/dL after
3 months of IDV) and eosinophils in the urine [94]. Another
patient with an increasing SCr level, hematuria, pyuria and
proteinuria had an unremarkable renal US. IDV was discontinued
with resolution of elevated SCr level, and the patient declined
renal biopsy and eventually was rechallenged with IDV which
resulted in similar adverse events and led to permanent IDV
discontinuation [98]. IDV was documented as discontinued in
12 patients, with SCr levels returning to baseline or near baseline
in the nine patients where baseline values were reported
[94–99,102–104]. A retrospective study included patients
on either IDV (n=32), IDV/r (n=25) or SQV/r (n=54) and the
development of nephropathy. Patients taking IDV experienced
a significant elevation in mean (SD) SCr level from baseline
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(0.97 ± 0.17 to 1.05 ± 0.24 mg/dL, p=0.019) [106]. Another
retrospective study followed patients receiving IDV (n=671) who
developed interstitial nephritis (defined as pyuria with either an
elevated SCr level from baseline or presence of urinary casts). A
total of 14 patients (2%) met criteria and IDV was discontinued in
13 patients, with pyuria resolving in all cases [107].
Two case reports detail patients that developed an AKI
secondary to a urinary obstruction from IDV [108,109]. One
retrospective study reviewed patients receiving IDV (n=232)
who developed a renal event (defined as SCr over 1.2 mg/dL or
50% increase from baseline). Thirty-three (14%) patients had
a renal event [110]. A prospective study followed patients for
up to 24 months and receiving IDV (n=555) with the endpoint
being a 50% increase in SCr level from baseline. Thirty-five
patients (6.3%) met this endpoint [91].
Several studies describe the use of IDV and CKD progression.
Patients receiving IDV 2400 mg/day (n=106) were compared to
those receiving either RTV (n=31) or NFV (n=30) for a SCr level
elevation of 20% from baseline. Twenty (18.6%) of IDV patients
developed a 20% elevation [111]. A retrospective review of
PLWH receiving ART (n=7378) were followed to assess CKD
progression (two consecutive measurements of eGFR ≤ 60
mL/min/1.73 m2 using MDRD). Recent exposure to IDV was found
to be associated with an increased risk for CKD (HR 2.03, 95%
CI: 1.42–2.90; p=0.0001) [6]. Another large retrospective study
assessed patients receiving ART (n=6843) including IDV (n=3156)
and CKD progression (defined as eGFR ≤ 60 mL/min/1.73 m2
twice and being 3 months apart or for baseline eGFR ≤ 60
mL/min/1.73 m2 a 25% decline from baseline; eGFR calculated
using Cockcroft–Gault). Patients had a 11% increased incidence
of CKD progression for each additional year of IDV exposure
(p=0.05) [62]. An additional study found patients receiving
IDV had a significant mean decrease from baseline eGFR
(mL/min/1.73 m2, using MDRD) for those with a baseline eGFR ≥
90 mL/min/1.73 m2 (–3.29, 95% CI: –5.25 to –1.32) and baseline
eGFR ≤ 90 mL/min/1.73 m2 (–2.14, 95% CI: –3.63 to –0.64) [112].

Lopinavir/ritonavir (LPV/r)
A case series of patients who received LPV/r and developed renal
colic was reported. Urolithiasis was confirmed through imaging
for all patients. Two patients had a history of urolithiasis secondary
to IDV therapy. Urolithiasis resolved for two patients without
therapy modification [113]. When comparing the cumulative
incidence of urinary stones for patients on LPV/r, EFV or DRV/r
(5.4 urinary stones per 1000 patients, 95% CI: 3.2–7.6), there was
a significantly lower risk of stone formation compared to ATV/r
(20 urinary stones per 1000 patients, 95% CI: 13–30; p=0.001)
[21]. A study reported two patients on LPV/r developing urinary
crystals; however, they were primarily composed of calcium
monohydrate and dehydrate [58].
There are several studies showing a potential link of LPV/r
and CKD progression. A large study of 6843 patients
receiving ART were followed until confirmed CKD progression
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(eGFR <60 mL/min/1.73 m2 using Cockcroft–Gault or >25%
decline if baseline eGFR <60 mL/min/1.73 m2). LPV/r had a
significant increase in CKD progression with each additional
year of exposure (8%, p=0.05) but was lower compared to other
agents with significant progression (TDF 16%, IDV 11% and ATV
22%). The increase in CKD progression for LPV/r patients was
only significant after 36 months of exposure [62]. Cumulative
LPV/r exposure was a significant indicator for progression to
eGFR <70 mL/min (adjusted incidence rate ratio [aIRR] 1.11/year,
95% CI: 1.05–1.17) and eGFR <60 mL/min (aIRR 1.2/year, 95%
CI: 1.16–1.28) in a study of 22,603 patients [63]. An additional
study determined LPV/r had a significantly increased risk of CKD
progression (IRR 1.11 per year, 95% CI: 1.06–1.16; p=0.0001) and
was independent of concurrent TDF administration [5].

Nelfinavir (NFV)
There are two published case reports documenting NFV and
renal-related adverse effects. One involved a patient receiving
NFV who was previously on IDV presenting with right flank pain
and hematuria. Renal US revealed right-sided nephrolithiasis
and the patient received extracorporeal shock wave lithotripsy
(ESWL). Symptoms resolved but returned 6 months later. ESWL
was performed again and stone analysis showed a composition
of NFV (99%) and IDV (1%) [114]. Another patient presented with
asymptomatic AKI (SCr 0.9 mg/dL at baseline, 3.2 mg/dL
on presentation). Renal US was unremarkable and kidney
biopsy demonstrated tubules with intraluminal deposits and
chronic TIN. Crystals were obtained and analyzed, of which the
molecular weight was consistent with the molecular weight of
NFV free base [48].

Ritonavir (RTV)
There are several case reports describing nine patients who
experienced AKI shortly after initiation of RTV at treatment
doses (total daily dose ranged from 600 to 1200 mg). The
percent SCr level increase compared to baseline ranged from
41 to 591%. RTV was discontinued in all patients, which resulted
to a return of baseline SCr level in each patient [12,115–118].
One patient had developed pancreatorenal syndrome and the
patient received hemodialysis for 16 days and the SCr level
returned to baseline [12].
A retrospective study followed patients who received RTV
1200 mg daily (n=87) to assess the incidence of renal
insufficiency (50% SCr level increase from baseline). Twelve
patients met renal insufficiency criteria after starting RTV, with
a median SCr level increase of 66% (range 51–242%). These
12 patients had a median eGFR decrease of 46 mL/min
(range 21–96 mL/min); however, 10 had risk factors for SCr level
elevations (sepsis, nephrotoxic agents, dehydration) [119].

Saquinavir (SQV)
A case report described hematuria and renal stones in a patient
receiving SQV 600 mg three times daily for several months.
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The patient continued to experience symptoms with renal stones
identified on multiple occasions. SQV was eventually discontinued
with no report of renal colic over the next year [120]. Another
patient received SQV 1800 mg daily and developed pancreatitis
and elevated SCr level (3.7 mg/dL) which increased over several
days (peaked at 7.4 mg/dL). SQV was discontinued and all values
returned to normal 1 month after hospital discharge [12].

Fusion inhibitor
Enfuvirtide (T20)
The T20 versus Optimized Regimen Only Study 1 (TORO 1)
studied T20 when incorporated as a part of a three to five
antiretroviral regimen in patients with multidrug resistant HIV-1
infection. Among 491 patients that received at least one dose
of the fusion inhibitor, there was one patient that developed
membranoproliferative glomerulonephritis 57 days after initiating
treatment with T20, as part of a regimen consisting of TDF, 3TC,
LPV/r, AMP and EFV. This patient had a past medical history of
proteinuria, hematuria and diabetes. This treatment regimen
was rechallenged on day 223 and the patient suffered a severe
respiratory response with no increase in eosinophils from baseline
[121]. Of note, no reports of renal injury with maraviroc were found.

Pharmacokinetic enhancer
Cobicistat (COBI)
Two studies of COBI investigated the safety and efficacy
in patients with mild/moderate renal function. One study
evaluated the effects of estimated GFR and actual GFR in
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mild/moderate renal function of otherwise healthy volunteers
when receiving COBI (150 mg daily) only (n=18) [122]. The
second study investigated patients switched from RTV to
COBI in combination with either ATV or DRV (n=73) [123].
Both trials reported that participants on COBI had a small
increase in SCr levels within the first week; however, this
normalized once COBI was discontinued. McDonald et al.
reported that there were three patients for whom SCr levels
increased ≥ 0.4 mg/dL from baseline. However, no tubular
abnormalities were associated with the increase and they
continued receiving COBI [123]. As COBI does inhibit MATE1,
a cationic renal transporter, this causes an increased SCr and
decreased eGFR [122].

Conclusion
There is a variety of potential renal-related adverse effects
that may occur with non-TDF antiretroviral agents that
are important to consider when initiating ART. These
effects may include crystalluria, leukocyturia, nephritis,
nephrolithiasis, nephropathy, renal colic and urolithiasis.
The majority of literature available detailing renal impact
of NRTIs, NNRTIs and INSTIs primarily involve case reports.
Outside of TDF, ATV and IDV have the most available literature
outlining a diverse range of renal-related adverse effects
and use is cautioned in those already with existing renalrelated disease. Although many of these drugs are no longer
recommended per some guidelines (e.g. US guidelines), past
use of these agents may be relevant when assessing a patient
for renal injury and certain patient populations may not have
access to all agents.
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