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ABSTRACT

People living with HIV should be considered
candidates for solid-organ transplantation
(SOT). However, managing HIV-infected
patients undergoing SOT represents a major
challenge due to the potential drug-drug inter-
actions between antiretroviral drugs and
immunosuppressive agents, particularly when
resorting to antiretroviral drugs that require
pharmacokinetic enhancers. We report three
cases of cobicistat-tacrolimus co-administra-
tion, two of which also include the co-admin-
istration of mTOR inhibitors, in HIV-positive

patients undergoing SOT (2 kidney and 1 liver
recipient). We review previously reported cases
and provide recommendations for initial man-
agement following transplantation.
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Key Summary Points

Drug-drug interactions between
antiretrovirals and immunosuppressors in
HIV-infected patients undergoing solid
organ transplantation are extremely
complex

Data are lacking on the clinical and
pharmacological management of HIV-
infected transplant recipients receiving
cobicistat-containing ART regimens and
tacrolimus or mTOR inhibitors

Favourable outcomes are possible in these
patients if tacrolimus doses are
significantly reduced and daily
therapeutic-drug monitoring performed

Despite careful therapeutic drug
monitoring some level of tacrolimus
toxicity, e.g., chronic renal failure, may be
difficult to avoid

DIGITAL FEATURES

This article is published with digital features,
including summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14135549.

INTRODUCTION

Managing HIV-infected patients undergoing
solid-organ transplantation (SOT) represents a
major challenge due to the potential drug-drug
interactions (DDI) between antiretroviral (ART)
drugs and immunosuppressive agents, some of
which have a narrow therapeutic index [1]. Data
about interactions and dose adjustment are still
limited. Where possible, ART drugs with lower
potential for DDIs are used, such as regimens
based on non-boosted integrase-strand-transfer
inhibitors (InSTI), but when ART resistance is

known or suspected, other families of ART are
required.

With the improvements in hepatitis C virus
(HCV) therapy in the past few years, the pro-
portion of patients with HIV/HCV co-infection
who will need a liver transplantation may
decrease [2–4]. On the other hand, HIV-infected
patients now have a near-normal life span, and
comorbidities such as end-stage kidney disease,
non-alcoholic-steatohepatitis or cardiovascular
disease are on the rise [5]. Thus, the numbers of
experienced ART patients requiring SOT may
increase in the coming years.

Cobicistat is a potent and selective inhibitor
of cytochrome P450 3A (CYP3A), used as phar-
macokinetic booster for first-generation inte-
grase inhibitors (e.g., elvitegravir) and protease
inhibitors (PIs) (e.g., darunavir or DRV) in the
management of HIV infections [6]. Calcineurin
inhibitors, such as cyclosporine and tacrolimus,
which are frequently used in SOT recipients,
and mTOR inhibitors, such as sirolimus and
everolimus, are both CYP3A substrates [7].
Thus, careful therapeutic drug monitoring
(TDM) is recommended when these drugs are
used together. Although there is some experi-
ence with ritonavir, another PI booster, clinical
experience with cobicistat and immunosup-
pressants is extremely scarce, since it has only
recently been developed. It offers, however, the
benefit of a more selective cytochrome inhibi-
tion and co-formulation [6, 8].

We report three cases of cobicistat-tacroli-
mus co-administration, including one also with
sirolimus and one with everolimus co-adminis-
tration, in HIV-positive patients who under-
went SOT and review previously reported cases.
The Institutional Ethics Committee approved
the Liver Transplant and Kidney Transplant in
HIV Infection Cohorts in Hospital Clinic-IDI-
BAPS of Barcelona as medical records were used
to identify cases. Patients provided their
informed consent for the publication of their
data.
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CLINICAL CASES AND REVIEW
OF PREVIOUSLY REPORTED CASES

Case 1

A 40-year-old man with end-stage renal disease
on peritoneal dialysis was referred to our centre
for evaluation for kidney transplantation. He
had a history of HIV infection, diagnosed in
2006, due to HIV-associated nephropathy.
There was no history of opportunistic infec-
tions, nor was HCV co-infection reported.
Hepatitis B core antibody (Anti-HBc), CMV and
toxoplasmosis IgG were positive. He had had
received several ART regimens since 2006 with
poor compliance, although HIV resistance was
not documented. Previous ART included ataza-
navir/ritonavir (ATV/r)-lamivudine (3TC)–zi-
dovudine (AZT), DRV/ritonavir (DRV/r)–3TC-
AZT, DRV/r–3TC-abacavir (ABC) and DRV/
r–raltegravir (RAL), ongoing at the time of
referral. Persistently detectable HIV viral load
(VL), around 200–300 copies/ml, was docu-
mented while receiving DRV/r-RAL over several
months and 595 CD4 T cells/ll, during pre-
transplant evaluation. HBV VL was
undetectable.

A genotypic resistance performed on plasma
samples test did not amplify the virus. A pro-
viral resistance test was then performed. Pro-
tease and reverse transcriptase (RT) genes were
amplified, with no detectable mutations; inte-
grase gene was not amplified. Given the low
genetic barrier to resistance of raltegravir and
the inability to exclude resistance to InSTIs, the
decision taken was to modify ART to DRV/r
600/100 mg BID ? dolutegravir (DTG) 50 mg
BID. Kidney transplantation was deferred until
undetectable VL and proper adherence to ARTs
were achieved. The patient became rapidly
undetectable (\50 copies/ml). Later, the regi-
men was simplified to darunavir/cobicistat
(DRV/c) 800/150 mg QD ? DTG 50 mg BID to
reduce the pill burden. He maintained good
adherence and VL remained undetectable at
subsequent checkups. The patient received a
living-donor kidney transplantation in June
2017.

Immunosuppression consisted of induction
with basiliximab, mycophenolate mofetil
(MMF) and tacrolimus. Initially, 1.5 mg of
tacrolimus was given with TDM performed 48
and 72 h post-dose. Trough concentrations
increased up to 34.8 ng/ml. Thus, doses were
adapted and the patient was finally discharged
on tacrolimus 1.5 mg/48 h. Creatinine serum
levels were between 2.0 and 2.4 mg/dl. Later,
tacrolimus was modified to 0.5 mg/72 h main-
taining whole blood concentrations between 7
and 14 ng/ml (Fig. 1a). Post-transplantation
course was uncomplicated without rejection
episodes.

Fourteen months after kidney transplanta-
tion, not having changed the ART regimen, the
patient developed cutaneous Kaposi sarcoma
(KS). He received local treatment and, as there is
evidence that sirolimus can delay progression of
cutaneous KS, MMF was switched to sirolimus
[9, 10]. The initial dose was 1 mg/48 h, then
0.5 mg/4 days. Levels ranged between 3.2 and
6 ng/ml, while tacrolimus doses were continued
0.5 mg/72 h (Fig. 1a).

Three years later, the patient is well, with no
evidence of KS progression, stable renal func-
tion (serum creatinine around 1.8 mg/dl),
undetectable plasma HIV VL and CD4 T cells
[1000/ll.

Case 2

A 59-year-old man had been HIV infected since
1994 with end-stage renal disease due to focal
segmental glomerulosclerosis. He had a history
of pulmonary tuberculosis in 1994 and cuta-
neous KS in 2012. He had a 23-year history of
ART. Initially receiving zidovudine monother-
apy and then other sub-optimal ART regimens
based on a combination of thymidine ana-
logues (nucleoside RT inhibitors) and the first
protease inhibitors, which led to virological
failures and ART-related complications, e.g.,
lipodystrophy, dyslipidaemia and gynecomas-
tia. A genotypic resistance test in 2009 revealed
the presence of mutations in the reverse tran-
scriptase region and in the protease region that
limited the available treatment options.
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At the time of kidney-transplant evaluation,
he was receiving DRV/c 800/150 mg QD and
DTG 50 mg QD with stable virological suppres-
sion (HIV VL\ 50 copies/ml) and CD4 T cells of
247/ll. Thus, in November 2019 he underwent

kidney transplantation from an HLA-identical
living donor.

Immunosuppression consisted of basilix-
imab, prednisone, tacrolimus and everolimus.
The last two immunosuppressants were initi-
ated 1 week before kidney transplantation,

Fig. 1 a Case 1. Tacrolimus and sirolimus whole blood
concentrations and dosing interval after kidney transplan-
tation. b Case 2. Tacrolimus and everolimus whole blood
concentrations and dosing interval after kidney

transplantation. c Case 3. Tacrolimus whole blood
concentrations and dosing interval after liver
transplantation
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1 mg/week and 0.5 mg/48 h, respectively, with
careful TDM. After transplantation, tacrolimus
was modified to 1.5 mg/week. The patient
experienced delayed graft function and pro-
teinuria (protein/creatinine ratio[ 2000 mg/g).
Therefore, a biopsy was performed 2 weeks after
transplantation. It revealed acute tubular
necrosis. Graft rejection and segmental hyali-
nosis lesions were ruled out. Then, due to the
possible association of acute tubular necrosis
with everolimus [11], the latter was substituted
with mycophenolate mofetil.

During the following months, additional
tacrolimus dose adjustments were necessary.
Stable whole blood concentrations between 3.8
and 7.2 ng/ml were achieved with 0.5 mg/week
(Fig. 1b). Eleven months after kidney trans-
plantation the patient is still on the same ART
regimen, serum creatinine is stable between 1.9
and 2.2 mg/dl, HIV VL remains unde-
tectable and the last CD4 T cell count was 477/
ll. A new KS was diagnosed, and then it was
decided to discontinue tacrolimus.

Case 3

A 57-year-old man had been HIV/HCV co-in-
fected for 30 years due to intravenous drug
abuse. He had a history of chronic renal failure
(creatinine serum level 1.7 mg/dl, GFR 42 ml/
min), cirrhosis due to HCV, treated with direct-
acting antivirals (DAAs) and ribavirin for 6
months with sustained virological response
(SVR). He had presented opportunistic infec-
tions, including Pneumocystis jirovecii pneumo-
nia and genitourinary tuberculosis several years
ago, both of which were adequately treated.
There was no history of HBV co-infection or
vaccination. During the months leading up to
the referral to our centre, he had several hepatic
encephalopathy episodes and refractory ascites.
Therefore, liver transplant evaluation was
performed.

He received multiple ART regimens. At the
time of referral, he was receiving DRV/c
800/150 mg QD and RAL 400 mg BID. HIV VL
was \ 50 copies/ml and CD4 T cells 124/ll.
Resistance to other families of ART was sus-
pected although not detected in previous

genotypic tests. To reduce the pill burden and
increase the genetic barrier of the ART regimen,
RAL was switched to DTG 50 mg QD while
DRV/c was continued. CD4 T cells increased up
to 213/ll (30%), and 3 months later, in June
2019, the patient underwent liver
transplantation.

Immunosuppression consisted of MMF,
basiliximab, prednisone and tacrolimus. Ini-
tially, 1 mg of tacrolimus was given with daily
TDM. He continued with 2 mg/day until target
concentrations were reached and was dis-
charged on 1.5 mg/day. Subsequently, doses
were adjusted and stable whole blood levels
between 6.7 and 10.4 ng/ml were maintained
with 1 mg/48 h. Post-transplantation, he pre-
sented partial portal vein thrombosis, treated
with acenocoumarol. Transient transaminase
elevations suggestive of graft rejection occurred,
decreasing with tacrolimus dose adjustment
and leading to tacrolimus nephrotoxicity (cre-
atinine levels rose to 2.3 mg/dl). HBV vaccina-
tion was completed post-transplantation.

Fourteen months later, the patient remains
on the same ART regimen; HIV VL is unde-
tectable. Tacrolimus was reduced to 0.5 mg/72 h
(Fig. 1c). Liver function is normal. Creatinine
serum levels were around 2.1 mg/dl. There were
no signs of graft rejection or pharmacologic
toxicity.

Previously Reported Cases

Three additional cases of tacrolimus and
cobicistat co-administration (all kidney recipi-
ents) were previously published. The main
characteristics of these cases and those reported
here are summarized in Table 1.

DISCUSSION

Although there is some experience with tacro-
limus and mTOR inhibitors co-administered
with ritonavir boosted PIs, most data on how to
manage DDIs with cobicistat are theoretical.
Cobicistat has been developed more recently,
and thus, there are fewer cases using this boos-
ter, since other more convenient ARV drugs,
e.g., non-boosted InSTIs, have become available
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in recent years. However, when PIs are required,
cobicistat offers several advantages, such as co-
formulation and a more favourable DDI profile.
In contrast to ritonavir, cobicistat is a more
specific CYP3A inhibitor and its affinity to other
cytochrome P450 isoenzymes is different. It is a
weak inhibitor of CYP2D6 and does not inhibit
or induce other CYP enzymes [6, 12, 13].

However, the absence of clinical studies
providing information about dose adjustment
represents a major challenge in terms of phar-
macological management.

Not only were significant tacrolimus (and
mTOR inhibitors in cases 1 and 2) dose reduc-
tions necessary in the three cases presented
here, but also prolongation of the dosing
interval with careful TDM to maintain the tar-
get concentration and avoid toxicity. It is worth
noting that tacrolimus doses were slightly
higher than those used when ritonavir is given
[14–19].

Finding appropriate tacrolimus doses to
avoid graft rejection without harming kidney

function, especially in patients with a history of
chronic renal disease as in case 3, is another
important issue in these complex scenarios.
Although the three patients had successful
outcomes, it was difficult to stabilize creatinine
serum levels and a slight deterioration of renal
function in the three cases due to tacrolimus
nephrotoxicity could not be excluded.

To our knowledge, only three additional
cases of tacrolimus and cobicistat co-adminis-
tration have been published previously (cases
1–3 in Table 1) and all of them reported serious
tacrolimus toxicity. Han et al. and Patel et al.
reported significant increases in tacrolimus
serum levels when Stribild (tenofovir–emtric-
itabine–elvitegravir–cobicistat) was initiated in
two HIV infected kidney transplant recipients,
which led to tacrolimus discontinuation and
ART substitution with a non-boosted integrase-
based regimen in both cases (2 mg BID and
3 mg BID of tacrolimus were administered,
respectively) [20, 21]. Likewise, Bartiromo et al.
published a case of a kidney transplant

Table 1 Main characteristics, clinical course and outcome of HIV-positive solid organ-transplant recipients receiving
cobicistat-based regimens

Case Reference Type of
SOT

ART regimen Rejection Toxicity Other complications Outcome

1 19 Kidney EVG/c/FTC/TDF

150/150/200/300 mg

QD

No Yes No Alive, no graft

dysfunction

2 20 Kidney EVG/c/FTC/TDF

150/150/200/300 mg

QD

No Yes No Alive, no graft

dysfunction

3 21 Kidney DRV/c 800/150 mg QDa No Yes No Alive, no graft

dysfunction

4 Reported

here

Kidney DRV/c 800/150 QD—

DTG 50 mg BID

No No Kaposi sarcoma Alive, no graft

dysfunction

5 Reported

here

Kidney DRV/c 800/150 QD—

DTG 50 mg QD

No No Kaposi sarcoma; acute

tubular necrosis

Alive, no graft

dysfunction

6 Reported

here

Liver DRV/c 800/150 QD—

DTG 50 mg QD

No No Portal vein

thrombosis

Alive, no graft

dysfunction

Cases are reported in chronological order or publication. Cases 4, 5 and 6 of the table correspond, respectively, to cases 1, 2
and 3 in the text
a One day of lopinavir/ritonavir 400/100 mg BID
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recipient, receiving tacrolimus 5 mg BID, who
developed COVID-19 pneumonia at the begin-
ning of the SARS-CoV-2 pandemic and was
medicated with DRV/c as an antiviral for SARS-
CoV-2 (and 1 day of lopinavir/ritonavir before
DRV/c, with the same indication), with tacroli-
mus dose reduction to 3 mg BID. The whole
blood concentration of tacrolimus reached
90.5 ng/ml causing serious drug toxicity. Thus,
both medications were suspended [22]. It is
worth mentioning that recent evidence shows
no activity of darunavir-cobicistat against SARS-
CoV-2 but it was under consideration at the
time of this reported case [23].

These situations with extremely complex
DDIs are becoming more frequent since trans-
plantation has become the standard of care for
patients with HIV and end-stage kidney or liver
disease. In fact, kidney and liver transplants are
the most common transplant procedures per-
formed in patients with HIV [24]. Current cri-
teria for SOT in people living with HIV (PLWH)
state that patients must be on stable ART ther-
apy with proper compliance, HIV plasmatic VL
must be undetectable, there should be an
absence of active opportunistic infections and
the CD4 T cell count should ideally be
[200 cells/ll when there is a history of
opportunistic infection [24]. As previously
explained, given the near-normal life expec-
tancy of HIV-infected individuals, end-stage
organ dysfunction due to causes other than
HCV may increase.

Outcomes of liver and kidney transplant in
PLWH have been consistent with those in HIV-
uninfected people, especially in the absence of
HCV co-infection [24]. Although higher rates of
acute graft rejection in PLWH undergoing SOT
are still a matter of concern (in part consequent
to difficulties in adapting immunosuppressors
concomitantly with certain ARTs), several
studies have reported patient and graft survival
rates in long-term follow-up of HIV-positive
kidney-transplant recipients similar to those
who were HIV negative [25–27]. Regarding liver
transplantation in HIV/HCV co-infected
patients, since DAAs became available, SVRs
prior to and post liver transplantation are
comparable to those of HCV-mono-infected
patients [28, 29]. Thereby, graft and patient

survival has shown improvement over time and
outcomes of co-infected liver recipients are
expected to match those of HCV-mono-infected
patients.

Nevertheless, the inadequate management
of DDIs can impact in HIV control and graft
survival, including increased HIV viremia or
graft rejection due to sub-therapeutic ART or
immunosuppressant levels as well as the emer-
gence of opportunistic infections or toxicity due
to over-immunosuppression [30]. To the best of
our knowledge, this is the first report of a suc-
cessful outcome in patients receiving tacrolimus
and cobicistat. A multidisciplinary approach
and frequent communication between health
care providers are mandatory to avoid dosage
errors and prescription issues and to ensure
successful management.

Given our own experience with these three
cases and those reported, we suggest that, in
patients already taking cobicistat, tacrolimus
(and other calcineurin and mTOR inhibitors)
should be started as a single low dose (e.g.,
1 mg) and daily TDM performed, only repeating
doses when levels reach the lowest desired tar-
get levels. Then, a single dose should be repe-
ated and TDM performed daily again until
establishing an initial appropriate dose interval.
If the situation is the opposite (a patient already
taking tacrolimus initiates a cobicistat-based
regimen), tacrolimus should be stopped and
only resumed when levels decrease to the min-
imum therapeutic level, following the same
principle described above. Since cobicistat
lengthens the half-life of immunosuppressants,
it will take longer to reach steady-state phar-
macokinetics. Early dosage changes before it has
been achieved may contribute to greater diffi-
culty in dose adjustment.

In conclusion, for HIV-infected transplant
recipients on tacrolimus where it is impossible
to avoid ART regimens containing cobicistat, a
significant dose reduction made on a case-by-
case basis with close TDM remains essential, as
the final doses of tacrolimus are difficult to
predict. Despite the difficulties in establishing
the final doses of immunosuppressants, the
outcome seems favourable, although some level
of chronic renal toxicity may be present as a
consequence of dose adjustments.
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