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Nirmatrelvir/ritonavir is a promising option for preventing severe COVID-19 in solid organ
transplant recipients with  SARS-CoV-2 infection. However, concerns have arisen
regarding potential drug interactions with calcineurin inhibitors (CNI). This two-phase
multicentre retrospective study, involving 113 patients on tacrolimus and 13 on
cyclosporine A, aimed to assess the feasibility and outcomes of recommendations
issued by The French societies of transplantation (SFT) and pharmacology (SFPT) for
CNI' management in this context. The study first evaluated adherence to
recommendations, CNI exposure, and clinical outcomes. Notably, 96.5% of patients
on tacrolimus adhered to the recommendations, maintaining stable tacrolimus trough
concentrations (Cg) during nirmatrelvir/ritonavir treatment. After reintroduction, most
patients experienced increased Cg, with 42.9% surpassing 15 ng/mL, including three

Abbreviations: AUC_;p, area under the concentration-time curve over 5 days; Cy, trough concentration; CNI, calcineurin
inhibitors; COVID-19, coronavirus infectious disease 19; CsA, cyclosporine A; eGFR, estimated glomerular filtration rate; IQR,
interquartile range; ISD, immunosuppressive drugs; PK, pharmacokinetic; SARS-CoV-2, severe acute respiratory syndrome
coronavirus 2; SFPT, Société Frangaise de Pharmacologie et Thérapeutique; SFT, Société Francophone de Transplantation;
TDM, therapeutic drug monitoring.
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Immunosuppressive Drugs Adjustments With Nirmatrelvir/Ritonavir

patients exceeding 40 ng/mL. Similar trends were observed in cyclosporine A patients,
with no COVID-19-related hospitalizations. Moreover, data from 22 patients were used to
refine the reintroduction strategy. Modelling analyses suggested reintroducing tacrolimus
at 50% of the initial dose on day 8, and then at 100% from day 9 as the optimal approach.
In conclusion, the current strategy effectively maintains consistent tacrolimus exposure
during nirmatrelvir/ritonavir treatment, and a stepwise reintroduction of tacrolimus may be
better suited to the low CYPSA recovery.

Keywords: drug-drug interactions, drug monitoring, nirmatrelvir/ritonavir, pharmacokinetic modelling, tacrolimus

INTRODUCTION

Nirmatrelvir/ritonavir (Paxlovid®) is the current first-line
treatment to prevent hospitalization and death related to
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) infection, also known as coronavirus infectious disease 19
(COVID-19) [1]. In the phase III trial EPIC-HR, the drug has
been shown to decrease hospitalization and death from severe
COVID-19 by 89% for high-risk patients [2]. However, due to the
high potency of drug metabolism inhibition of ritonavir, the
combination of nirmatrelvir/ritonavir with calcineurin inhibitors
(tacrolimus and cyclosporine) and m-TOR inhibitors (everolimus
and sirolimus) can lead to their accumulation and subsequent
adverse drug reactions, the most worrisome being acute renal
failure [3-5]. Despite this potential safety issue, and because the
immunosuppressed patients are a high-risk group for severe
COVID-19, nirmatrelvir/ritonavir has been prescribed to

patients under immunosuppressive treatment with various risk
mitigation approaches [6, 7]. In this context, the French societies
of Transplantation (Société Francophone de
Transplantation—SFT) and Pharmacology (Société Frangaise
de Pharmacologie et Thérapeutique—SFPT) have published

recommendations to manage immunosuppressants dose
adjustment, with the aim of decreasing the risk of
accumulation during the nirmatrelvir/ritonavir treatment

course in solid organ transplant recipients. In short, these
recommendations are: to discontinue tacrolimus 12h before
nirmatrelvir/ritonavir ~ initiation; or to decrease the
cyclosporine (CsA) dose to 20% of the initial daily dose and
administer it once a day; or to decrease everolimus and sirolimus
dose to 12.5% of the initial dose and administer it every other day.
For tacrolimus, everolimus, and sirolimus, reintroduction of the
dose prior to the course of nirmatrelvir/ritonavir can be
considered on day 7, while CsA can be resumed at full dose
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on day 8 [8]. Specific therapeutic drug monitoring (TDM) of
immunosuppressive drugs (ISD) has also been suggested.

The aims of the PAXLOV-IS study were: 1) to evaluate the
application of the French recommendations and their impact on
exposure to tacrolimus and on clinical outcomes in solid organ
transplant patients, and ) to present the results of simulations
aimed at proposing an optimized tacrolimus dosage adjustment
algorithm when combined with nirmatrelvir/ritonavir.

MATERIALS AND METHODS

This two-step retrospective study was conducted in France and
Belgium on behalf of the SFT. Between January and August 2022,
data on solid organ transplant patients treated with nirmatrelvir/
ritonavir from seven French and two Belgian transplantation
centers (Bordeaux, Brest, Brussels, Lyon, ®Montpellier, Rennes,
and Toulouse) were collected. Paxlovid was prescribed to
prevent severe complications of SARS-CoV-2 infection in
accordance with its summary of product characteristics. The
initiation of nirmatrelvir/ritonavir occurred within 5 days after
the first symptoms of SARS-CoV-2 infection, for a duration of
5days, and the dose was adapted to renal function: 150 mg
nirmatrelvir + 100 mg ritonavir twice a day if the estimated
glomerular filtration rate (eGFR) was below 60 mL/min/
1.73m% or 300 mg nirmatrelvir + 100 mg ritonavir for an
eGFR above 60 mL/min/1.73 m’.

The following characteristics were collected from medical
records and anonymized: sex, weight, age, COVID-19 vaccine
status and COVID-19 symptoms, type of transplantation, post-
transplantation time, plasma or serum creatinine, glomerular
filtration rate estimated using the CKD-EPI formula, liver
enzymes, immunosuppressive treatment (type, dose, trough
concentrations from baseline to the first measurement after
the end of the nirmatrelvir/ritonavir course), and adverse
events. The study was authorized by the institutional review
board and ethics committee of Limoges Hospital and was
registered under #15-2023-03.

Study Step 1: Application of the SFPT and

SFT Recommendations

The first step of this study was to evaluate the application of SFPT
and SFT recommendations and their impact on tacrolimus
exposure and clinical outcomes, particularly the adverse events
potentially related to ISD. The SFPT and SFT recommended
interrupting tacrolimus during the 5days of nirmatrelvir/
ritonavir treatment (days 1-5). Reintroduction of tacrolimus
was performed at full dose 36h after the last dose of
nirmatrelvir/ritonavir (on the morning of day 7). For CsA, no
interruption was recommended, but the dose had to be reduced to
one-fifth of the usual dose while on nirmatrelvir/ritonavir and
maintained over the 5 days of treatment. The CsA dose was then
progressively increased to 50% of the dose administered prior to
nirmatrelvir/ritonavir treatment on day 6, 75% on day 7, and full
dose on day 8. Other concomitant medications were withdrawn
or adapted according to the SFPT recommendations.

Immunosuppressive Drugs Adjustments With Nirmatrelvir/Ritonavir

Study Step 2: Pharmacokinetic Modelling

Data were included in the pharmacokinetic (PK) modelling step if at
least three trough concentrations (C,) were available before, during,
and between 8 and 16 days after nirmatrelvir/ritonavir treatment.
The pharmacokinetics of tacrolimus were modelled using the
MWPharm++ software, as previously described [9]. Individual
pharmacokinetic parameters were estimated. Different scenarios
were tested to fit the concentration data from the tacrolimus
reintroduction period (ie., day 8-16 period). Tacrolimus areas
under the concentration-time curves over 5days (AUCg_10n)
were estimated and compared for the 5days before and the
5days during nirmatrelvir/ritonavir treatment. The half-life of
tacrolimus during nirmatrelvir/ritonavir treatment was also
calculated using the following formula:

Ty, = (Ln2 X48)/ (Ln(Cysn) — Ln(Cogp))

where T, is tacrolimus half-life, C,g, is the estimated
concentration of tacrolimus on day 2, and Cog, is the
estimated concentration on day 4.

The nadir C, before tacrolimus reintroduction and the maximal
Cy reached during tacrolimus reintroduction were estimated to
identify patients with early drug accumulation during tacrolimus
reintroduction. Plasma or serum creatinine levels were compared
before and at the end of the treatment course. When available, the
CYP3A5 genotype was also gathered and PK parameters were
compared between CYP3A5 expressors and non-expressors.

To fit the tacrolimus concentration data measured during
tacrolimus reintroduction (from the morning of day 7, 36 h after
cessation of nirmatrelvir/ritonavir), different scenarios of
metabolism inhibition resolution were applied. This analysis
allowed for the selection of the most appropriate strategy for
tacrolimus resumption, ensuring sufficient immunosuppressive
exposure, while mitigating the risk of drug accumulation. Two
extreme scenarios for metabolism recovery were observed in the
patients of the study and subsequently tested: 1) a “low
metabolism recovery profile” with a progressive metabolism
recovery from day 8% to 100% on day 12 and 2) a “rapid
metabolism recovery profile,” with a partial (50%) metabolism
recovery on day 7 and a complete recovery on day 9.

Then, different strategies of tacrolimus reintroduction were
simulated based on a dose regimen of 6 mg once a day: 1) 100%
of the dose prior to treatment from day 7, 2) 100% of the dose from
day 8, 3) 100% of the dose from day 9, 4) 50% of the dose prior to
treatment on day 8, 100% from day 9; 5) 50% of the dose on day 9,
then 100% from day 10; and 6) 50% of the dose on days 8 and 9, and
then 100% from day 10. An adjudication committee composed of a
nephrologist, a clinical pharmacist, and two pharmacologists selected
the best scenario to ensure sufficient immunosuppressive exposure
while mitigating the risk of drug accumulation.

RESULTS

Patient Characteristics
A total of 138 patients were included (63% males), with a
median age of 59 years (interquartile range: 48-66). Among
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TABLE 1 | Baseline characteristics of the studied population.

Median (IQR) N
Age (years) 59 (48-66) 138
Sex (M/F) 87/50 137
Weight (kg) 66 (57-79.5) 99
Baseline GFR (CKD-EPI mL/min) 60.5 (45-77.6) 138
Tacrolimus daily dose (mg) 3.75 (2.875-6) 112
Cyclosporine daily dose (mg) 120 (100-150) 13

M, male; F, female.

them, 96 underwent kidney transplantation (including
3 kidney-pancreas transplants), 39 received liver
transplants, and 2 received heart transplants. The majority
of patients (121) had undergone transplantation for more than
12 months prior to the study. The median eGFR was 60.5 (IQR:
45.0-77.6) mL/min/1.73 m”. Baseline patient characteristics
are listed in Table 1.

COVID-19 Infection

A total of 123 patients (89.1%) received two to five doses of
mRNA SARS-CoV-2 vaccine prior to COVID-19 infection. The
serological response after vaccination was assessed in 82 patients.
20% were non-responders (IgG anti-S < 3 BAU), 23% presented a
weak response (IgG anti-S between 3 and 250 BAU), and 57% had
a good response (IgG anti-S > 250 BAU). At nirmatrelvir/
ritonavir initiation, all patients showed symptoms, including
cough (54%), fever (41%), rhinorrhea (38%), sore throat
(32%), headache (30%), asthenia (27%), and/or gastrointestinal
disorders (7%). All patients had a positive COVID-19 test (PCR).

Immunosuppressive Drugs Adjustments With Nirmatrelvir/Ritonavir

Further genotyping of 35 patients revealed Omicron SARS CoV-
2 variants.

Immunosuppressive Drug Dosing

Adjustment
113 patients were on tacrolimus (82%) and 13 on cyclosporine
(9%). The remaining patients were on either belatacept or mTor
inhibitors and were not included in the analysis (Figure 1).
According to the SFPT and SFT recommendations, all but
4 patients (109/113, 96.5%) discontinued tacrolimus during the 5-
day nirmatrelvir/ritonavir treatment: two had a reduced dose of
tacrolimus (1.75 mg/d and 0.5 mg/d) and the other two stopped
nirmatrelvir/ritonavir before the end due to side effects (digestive
intolerance) and resumed tacrolimus on day 4. The SFPT and SFT
dose adjustment  guidelines followed for the
13 patients on CsA.

were

Trough Concentrations of ISD

Tacrolimus trough concentrations were measured in 103 patients
before the introduction of nirmatrelvir/ritonavir. Figure 2 shows
the evolution of tacrolimus C, during and after nirmatrelvir/
ritonavir administration. TDM was performed in 33 patients after
the completion of antiviral treatment (day 6 or 7). For those
patients, the median tacrolimus C, remained stable: 5.2 (IQR:
4.3-6.4) ng/mL before nirmatrelvir/ritonavir introduction and
4.4 (IQR: 3.4-5.3) ng/mL before tacrolimus resumption. After
tacrolimus reintroduction, C, was monitored in 59 patients:
35 patients between days 8 and 12 and 24 patients after day
12 (between days 13 and 73). In the early reintroduction period

Eligible transplant patients for nirmatrelvir/ritonavir treatment (n = 138)

A 4

A 4

ISD : tacrolimus

ISD : cyclosporine A

ISD : belatacept or mTOR inhibitors

(n=113)

ISD adapted following SFPT
and SFT recommendations
(n=109)

Eligible patients for PK
modeling
(n=22)

(n=13)

A

(h=12)

ISD adapted following SFPT
and SFT recommendations
(n=13)

FIGURE 1 | Study flowchart and distribution of immunosuppressive treatment within the population (7 = 138). ISD, immunosuppressive drug; SFPT, Société
Frangaise de Pharmacologie et Thérapeutique; SFT, Société Francophone de Transplantation.
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FIGURE 2 | Trough concentrations (Co) of tacrolimus during and following nirmatrelvir/ritonavir treatment. Between day 0 and day 20, a total of 192 tacrolimus Cq
values were collected and are depicted in this figure. The black curve represents the median Co, while the dotted curves represent the interquartile range (25th
percentile-75th percentile).

(days 8-12), Cy increased in most patients with a median
tacrolimus C, level of 12.7 (IQR: 6.8-20.9) ng/mL and then
normalized. In fact, 15 patients (42.9%) reached
concentrations above 15ng/mL including three (8.6%) above
40 ng/mL. Notably, the highest observed C, exceeded 100 ng/
mL; however, this was due to patient error in the tacrolimus dose.

Similar results were obtained for patients on CsA with a
median Cy of 40 (IQR: 36-70) ng/mL before nirmatrelvir/
ritonavir and 111 (IQR: 42-161) ng/mL after full dose
resumption.

Safety and Efficacy
49 adverse events were reported during nirmatrelvir/ritonavir
treatment. Dysgeusia was the most frequent symptom
(20 patients, 14.5%), followed by diarrhea (17 patients, 12.3%).
Adverse events were attributed to tacrolimus toxicity in eight
patients (5.8%) (three acute renal failures, two neurologic
toxicities, and three gastrointestinal toxicities). One patient for
whom the SFPT and SFT recommendations were not followed
developed acute renal failure concomitant with a very high
tacrolimus concentration. One patient who was treated with
CsA experienced acute renal failure. All events were observed
in patients with high trough concentrations of ISD and were
reversible within a few days after dose reduction.

All patients in this cohort recovered quickly from COVID-19
and none were hospitalized for COVID-19 complications.

Pharmacokinetic Modelling

Data from 22 patients were included in the modelling
step. Table 2 summarizes the treatment and pharmacokinetic
parameters of this patient subpopulation. The median tacrolimus
Co was 5.2 (IQR: 4.6-6.7) ng/mL before the antiviral course and
4.0 (IQR: 3.4-5.0) ng/mL just before tacrolimus reintroduction
(morning of day 7, n = 12 patients). The median estimated
AUCy_150n before the nirmatrelvir/ritonavir course was 900

(IQR: 684-1,213) ng.h/mL. The median AUC,_j,q, decreased
slightly to 752 (IQR: 622-895) ng.h/mL when tacrolimus was
discontinued (i.e., during the antiviral treatment phase). The
median decrease in AUC;_j50n was 11%. Among the
22 patients, 18 exhibited a decrease in the range of 0%-22%,
while the remaining four patients experienced more substantial
reductions in exposure, at 47%, 62%, 68%, and 82%, respectively.
The median estimated half-life was 212 (IQR: 177-405) hours
with some extreme values (range: 87-712 h). The predicted nadir
tacrolimus C, in these patients was close to C, prior to the
nirmatrelvir/ritonavir course (4.7 vs. 5.2 ng/mL).

All patients with available CYP3A4 genotypes (n = 15) were
wild-type (CYP3A4*1/*1). Among the 19 patients with an
available genotype for CYP3A5, 14 were non-expressors
(CYP3A5*3/*3) and five were expressors (four CYP3A5%1/
*3 and one CYP3A5*1/%1). The half-life did not differ between
CYP3A5 expressors (173 h, IQR: 160-294 h) and non-expressors
(212 h, IQR: 191-474 h).

PK modelling estimated a median maximal tacrolimus C, of
11.2 (IQR: 8.7-19.2) ng/mL. A maximal C, >10 ng/mL, >15 ng/
mL, and >20 ng/mL was estimated in respectively 13 (59%), 8
(36%), and 5 (23%) patients, respectively. However, there was
only a slight difference between creatinine measured between
days 9 and 16 and creatinine before the antiviral course (median
variation: +2.1%, IQR: —3.4-+6.8%), with only three patients
reporting an increase in creatinine above +25% of the baseline
value (+27%, +31%, and +59%, respectively). None of the
22 patients included in the modelling part of the study was
hospitalized for severe COVID-19 or acute renal failure.

Subsequently, the two low and rapid metabolism recovery
scenarios and different tacrolimus reintroduction strategies
described earlier were tested. The simulated patient receiving a
once-daily dose of 6 mg tacrolimus exhibited pre-nirmatrelvir/
ritonavir initiation Cy of 3.8 ng/mL in the scenario of a rapid
metabolism recovery profile, and 5.1 ng/mL in the context of a
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TABLE 2 | Treatment and pharmacokinetic parameters of the 22 patients receiving tacrolimus and included in the modelling part of the study.

Median

Tacrolimus daily dose (mg) 5

Concentration over dose ratio (ng/mL/mg) 0.96
AUCO0-120 h before N/R (ng.h/mL) 900.1
AUCO0-120 h during N/R (ng.h/mL) 752.2
Difference in AUCs (before-during) (%) 11%
Half-life during antiviral treatment (h) 212
Nadir concentration (ng/mL) 4.7

Maximum post-treatment concentration (ng/mL) 11.2

25th percentile 75th percentile

3.375 8.25
0.75 1.49
684.3 1213.3
622.2 895.6
5% 20%
177 405
3.8 5.6
8.7 19.2

N/R, nirmatrelvir/ritonavir; AUCO-120 h, area under the concentration time curve between 0 and 120 h.

>
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15 4

10 A

Tacrolimus concentrations (ng/mL)

FIGURE 3| Simulations of tacrolimus blood concentrations for a dosage regimen of 6 mg daily in patients co-treated with nirmatrelvir/ritonavir: (A) in a patient with a
rapid metabolism recovery and (B) in a patient with a low metabolism recovery. Tacrolimus is discontinued from day 1 to day 7 and nirmatrelvir/ritonavir introduced 12 h
after the last intake. Tacrolimus is reintroduced on day 8 at 50% of the initial dosing and then 100% from day 9.

ve}

30
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introduction
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low metabolism recovery profile. The optimal balance was
achieved by reintroducing tacrolimus at 50% of the initial dose
on day 8 (60 h after nirmatrelvir/ritonavir last dose) and then
100% from day 9 (84 h after nirmatrelvir/ritonavir last dose).
Using this strategy, the estimated nadir of tacrolimus C, after
reintroduction was 2.3 ng/mL on the morning of day 8 in the case
of a rapid metabolism recovery profile (Figure 3A) and 5.1 ng/mL
in the case of a low metabolism recovery profile (Figure 3B). The
maximum tacrolimus C, during the reintroduction phase was
3.8 ng/mL on the morning of day 11 in the case of a rapid
metabolism recovery profile and 13.8 ng/mL on the morning of
day 10 in the case of a low metabolism recovery profile.

DISCUSSION

We present a collaborative French and Belgian experience,
focusing on  adherence to the French national
recommendations for managing drug-drug interactions
between ISD and nirmatrelvir/ritonavir, along with their PK
and clinical impact in 138 solid organ transplant patients.
Notably, our findings highlight a high adherence rate to the

guidelines (96.5% for tacrolimus and 100% for cyclosporine A),
revealing sustained tacrolimus exposure but also indicating
potential accumulation after early ISD reintroduction.
Nirmatrelvir/ritonavir is a valuable treatment for solid organ
transplant recipients with COVID-19 who display a high risk of
morbidity and mortality due to SARS-CoV-2 infection. Oral
therapy is particularly interesting in outpatient settings.
Nevertheless, drug-drug interactions between the antiviral and
the immunosuppressive therapy remain a source of concern. The
interaction between ritonavir and CYP3A4-dependent drugs can
lead to significant increases in drug exposure, up to 50-fold for
tacrolimus [10]. Because CNI are highly dependent on CYP3A
metabolism, their blood concentration will increase substantially
and rapidly when combined with ritonavir. This effect has been
previously reported in transplant patients on ritonavir as a single
agent or in association [11-13]. High concentrations of
tacrolimus can lead to serious side effects such as kidney
injury, seizures, posterior reversible encephalopathy, and even
death [11]. Several ISD adjustment strategies have recently been
reviewed by Tang et al., but no consensus has yet been reached
[14]. When CNI are held during nirmatrelvir/ritonavir treatment,
studies differ in terms of both timing of ISD suspension and dose
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resumption. In general, tacrolimus is discontinued from the
initiation of nirmatrelvir/ritonavir and resumed at partial or
full dose on days 6-13 after treatment completion. Moreover,
a close TDM should be considered to guide the resumption of ISD
[5, 6, 15-20]. In our study, tacrolimus was discontinued 12 h
before nirmatrelvir/ritonavir initiation and restarted at full dose
on day 7, while CsA was decreased to 20% of the initial daily dose
and resumed at full dose on day 8, according to the SFPT and SFT
recommendations [8]. Tacrolimus or CsA trough concentrations
were measured during and after nirmatrelvir/ritonavir treatment.
This strategy was efficient in the majority of patients. Regarding
safety, dysgeusia was the main reported adverse drug reaction, as
expected with ritonavir. The second most frequent adverse drug
reaction was diarrhea, which was probably of mixed origin
(COVID-19 infection, nirmatrelvir/ritonavir, and ISD
overexposure). In the whole cohort, four cases of acute renal
failure (three in tacrolimus patients and one in CsA patient), two
neurologic toxicities, and three gastrointestinal toxicities were
reported. These events were consistent with the high exposure
reported upon ISD reintroduction. Notably, a deviation from the
ISD dosage adjustment was identified in one of these four cases.
This is consistent with a recent pharmacovigilance study
reporting that 11 out of 14 tacrolimus overexposures were
linked to a lack of compliance with the French national
guidelines. In two other cases, no information was reported,
and only one out of 14 patients seemed to present an
overexposure episode while following the guidelines [21].
Fortunately, in our study, all episodes were reversible within a
few days with dose adjustments. Furthermore, none of the
patients were hospitalized because of severe COVID-19.

In the second phase of the study, PK modelling was performed
in a subset of patients for whom adequate data were available. We
showed a sustained tacrolimus drug exposure due to metabolism
inhibition during nirmatrelvir/ritonavir treatment, even after
tacrolimus discontinuation. Four patients experienced a more

pronounced decrease (between 47% and 82%) without any
clinical signs of acute graft rejection. However, a considerable
number of patients had predicted supratherapeutic levels of
tacrolimus after the cessation of nirmatrelvir/ritonavir (C, >
20ng/mL during days 9-12 in approximately 20% of the
patients). Other studies have reported supratherapeutic levels
despite tacrolimus interruption during nirmatrelvir/ritonavir
treatment [5, 6, 17, 19, 20]. In addition, a few case reports
have illustrated the importance of tacrolimus discontinuation
to avoid supratherapeutic concentrations and potentially severe
adverse reactions [13, 17, 22], sometimes with rifampin [23] or
phenytoin [24] treatment for toxicity reversal. Our results suggest
a longer inhibition of CYP3A in some patients. Katzenmaier et al.
previously reported that it may take at least 3 days after ritonavir
discontinuation to restore CYP3A activity [25]. This has led us to
re-evaluate the SFPT and SFT recommendations, considering
patients’ metabolism recovery. PK modelling of 22 patients
allowed us to define two extreme (low and rapid) metabolism
recovery profiles. These profiles were used to simulate different
strategies for resuming tacrolimus therapy after nirmatrelvir/
ritonavir treatment. The best scenario was to stop tacrolimus
during nirmatrelvir/ritonavir treatment and restart tacrolimus at
50% of the initial dose from day 8 and then 100% from day 9
(Figure 4). Simulations using extensive data collected from
22 patients showed that this strategy limits the risk of
tacrolimus accumulation in patients with a slow recovery
metabolism while limiting the risk of low exposure in patients
with a rapid metabolism recovery. This one-size-fits-all strategy
provides simple and convenient management of this at-risk
period following antiviral treatment and is now included in
the French national recommendations. Nonetheless, TDM is
essential during resumption of immunosuppressive therapy,
particularly tacrolimus. This is critical for the early detection
of patients who may accumulate immunosuppressants after
treatment with nirmatrelvir/ritonavir (days 8-12). Tacrolimus
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TDM based on trough concentrations measured on days 2 and 3,
or even better measurement of its area under the curve, can be
proposed to individualize the treatment strategy. Moreover, TDM
should be performed early when ISD is restarted to rapidly detect
patients with high or low ISD exposure. Volumetric absorptive
microsampling (VAMS) could facilitate this process for
outpatients infected with COVD-19.

This work has some limitations, including the retrospective
design of the study and a limited sample size, especially for the PK
modelling phase, where only 22 patients were included. The
immunosuppressive treatment in the cohort predominantly
consisted in tacrolimus (82%). The observations made on the
13 patients receiving cyclosporine A need confirmation in a larger
population, and a similar evaluation should be considered for
everolimus and sirolimus. Additionally, it would be interesting to
assess the impact of CYP3A genotype on ISD exposure and
potential accumulation during nirmatrelvir/ritonavir treatment
and after ISD reintroduction.

CONCLUSION

This study reports the implementation of the French national
recommendations for ISD drug adjustments during nirmatrelvir/
ritonavir treatment in 138 solid organ recipients. These data
demonstrate that discontinuing tacrolimus 12h before the
introduction of nirmatrelvir/ritonavir enables the maintenance of
tacrolimus concentrations within the therapeutic range. It also
ensures a tacrolimus exposure during the 5 days of treatment with
nirmatrelvir/ritonavir close to the pre-treatment exposure. However,
real-life data showed that some patients receiving a combination of
tacrolimus-nirmatrelvir/ritonavir experienced tacrolimus
accumulation when the treatment was resumed. Simulations
performed on patients with repeated TDM showed that a strategy
with 50% of the dose initially prescribed from day 8 (60 h after the last
nirmatrelvir/ritonavir dose) and then 100% from day 9 (84 h after the
last nirmatrelvir/ritonavir dose) should improve drug safety. TDM is
an invaluable tool in such combination cases, allowing real-time ISD
drug dosage adjustment, and should therefore be used systematically
in patients receiving nirmatrelvir/ritonavir.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be
directed to the corresponding author.

REFERENCES

1. NIH. NIH COVID-19 Treatment Guidelines (2024). Available from: https://
files.covidl9treatmentguidelines.nih.gov/guidelines/
covid19treatmentguidelines.pdf (Accessed February 6, 2024).

2. Hammond J, Leister-Tebbe H, Gardner A, Abreu P, Bao W, Wisemandle W,
et al. Oral Nirmatrelvir for High-Risk, Nonhospitalized Adults With Covid-19.
N Engl J Med (2022) 386(15):1397-408. doi:10.1056/NEJMoa2118542

Immunosuppressive Drugs Adjustments With Nirmatrelvir/Ritonavir

ETHICS STATEMENT

The studies involving humans were approved by the institutional
review board and ethics committee of Limoges Hospital. The
studies were conducted in accordance with the local legislation
and institutional requirements. Written informed consent for
participation was not required from the participants or the
participants’ legal guardians/next of kin in accordance with the
national legislation and institutional requirements.

AUTHOR CONTRIBUTIONS

LB, CM, StB, YL, and FL analysed the data and wrote the
manuscript. AD, SéB, BG, LC, OT, LE, MM, AR, and VH
were involved in the treatment of the patient and critically
revised the manuscript. All authors contributed to the article
and approved the submitted version.

CONFLICT OF INTEREST

AD reports consultancy fees from Alnylam and Merck outside the
submitted work. CM reports research grants (paid to institution),
financial support for participation in congresses, and expertise
fees from Chiesi and Astellas. StB received lecture fees from
Astellas. BG reports financial support for participation in
congresses from Chiesi and Gilead, speaker for Gilead, outside
the submitted work. LC received lecture fees from Astellas, Chiesi,
Novartis, Sandoz, Ostuka, GSK, and Biotest, and participated in
advisory boards for Biotest, Hansa, and Novartis. LE received fees
from Astellas, Chiesi, and Sandoz. FL received research grants
(paid to institution) from Astellas, Sandoz, and Chiesi and fees to
attend meetings from Viiv, MSD, Janssen-Cilag, Pfizer,
and Gilead.

The remaining authors declare that the research was
conducted in the absence of any commercial or financial
relationships that could be construed as a potential conflict
of interest.

ACKNOWLEDGMENTS

We thank Stephane Bouchet and Mathieu Molimard for their
invaluable expertise. We also thank Gwendal Coste for his
assistance in gathering data, and Simon Boland for
proofreading and correcting the English version.

3. Lemaitre F, Budde K, Van Gelder T, Bergan S, Lawson R, Noceti O, et al.
Therapeutic ~ Drug  Monitoring and  Dosage  Adjustments  of
Immunosuppressive Drugs When Combined With Nirmatrelvir/Ritonavir
in Patients With COVID-19. Ther Drug Monit (2022) 45(2):191-9. doi:10.
1097/FTD.0000000000001014

4. Prikis M, Cameron A. Paxlovid (Nirmatelvir/Ritonavir) and Tacrolimus Drug-
Drug Interaction in a Kidney Transplant Patient With SARS-2-CoV Infection:
A Case Report. Transplant Proc (2022) 54(6):1557-60. doi:10.1016/j.
transproceed.2022.04.015

Transplant International | Published by Frontiers

March 2024 | Volume 37 | Article 12360


https://files.covid19treatmentguidelines.nih.gov/guidelines/covid19treatmentguidelines.pdf
https://files.covid19treatmentguidelines.nih.gov/guidelines/covid19treatmentguidelines.pdf
https://files.covid19treatmentguidelines.nih.gov/guidelines/covid19treatmentguidelines.pdf
https://doi.org/10.1056/NEJMoa2118542
https://doi.org/10.1097/FTD.0000000000001014
https://doi.org/10.1097/FTD.0000000000001014
https://doi.org/10.1016/j.transproceed.2022.04.015
https://doi.org/10.1016/j.transproceed.2022.04.015

Boland et al.

10.

11.

12.

13.

14.

15.

16.

. Schneider J, Wobser R, Kithn W, Wagner D, Tanriver Y, Walz G. Nirmatrelvir/

Ritonavir Treatment in SARS-CoV-2 Positive Kidney Transplant
Recipients — A Case Series With Four Patients. BMC Nephrol (2023) 24(1):
99. doi:10.1186/512882-023-03154-w

. Salerno DM, Jennings DL, Lange NW, Kovac D, Shertel T, Chen JK, et al. Early

Clinical Experience With Nirmatrelvir/Ritonavir for the Treatment of
COVID-19 in Solid Organ Transplant Recipients. Am | Transplant (2022)
22(8):2083-8. doi:10.1111/ajt.17027

. Lange NW, Salerno DM, Jennings DL, Choe J, Hedvat J, Kovac D, et al.

Nirmatrelvir/Ritonavir Use: Managing Clinically Significant Drug-Drug
Interactions With Transplant Immunosuppressants. Am ] Transplant
(2022) 22(7):1925-6. doi:10.1111/ajt.16955

. Lemaitre F, Grégoire M, Monchaud C, Bouchet S, Saint-Salvi B, Polard E, et al.

Management of Drug-Drug Interactions With Nirmatrelvir/Ritonavir in
Patients Treated for Covid-19: Guidelines From the French Society of
Pharmacology and Therapeutics (SFPT). Therapies (2022) 77(5):509-21.
doi:10.1016/j.therap.2022.03.005

. Lemaitre F. Yes We Can (Use Nirmatrelvir/Ritonavir Even in High

Immunological Risk Patients Treated With Immunosuppressive Drugs).
Clin Pharmacokinet (2022) 61(8):1071-3. doi:10.1007/s40262-022-01158-7
EMA. Advagraf Summary of Product Characteristics (2010). Available from:
https://www.ema.europa.eu/en/glossary/summary-product-characteristics
(Accessed June 25, 2023).

Fishbane S, Hirsch JS, Nair V. Special Considerations for Paxlovid Treatment
Among Transplant Recipients With SARS-CoV-2 Infection. Am ] Kidney Dis
(2022) 79(4):480-2. doi:10.1053/j.ajkd.2022.01.001

Belden KA, Yeager S, Schulte J, Cantarin MPM, Moss S, Royer T, et al. Saving
Lives With Nirmatrelvir/Ritonavir One Transplant Patient at a Time. Transpl
Infect Dis (2023) 25(2):¢14037. doi:10.1111/tid.14037

Young C, Papiro T, Greenberg JH. Elevated Tacrolimus Levels After
Treatment With Nirmatrelvir/Ritonavir (Paxlovid) for COVID-19 Infection
in a Child With a Kidney Transplant. Pediatr Nephrol (2023) 38(4):1387-8.
doi:10.1007/500467-022-05712-0

Tang Y, Li Y, Song T. Optimizing the Use of Nirmatrelvir/Ritonavir in Solid
Organ  Transplant Recipients With COVID-19:
Immunosuppressant Adjustment Strategies. Front Immunol (2023) 14:
1150341. doi:10.3389/fimmu.2023.1150341

Wang AX, Koff A, Hao D, Tuznik NM, Huang Y. Effect of Nirmatrelvir/
Ritonavir on Calcineurin Inhibitor Levels: Early Experience in Four SARS-
CoV-2 Infected Kidney Transplant Recipients. Am ] Transplant (2022) 22(8):
2117-9. doi:10.1111/ajt.16997

Hedvat J, Lange NW, Salerno DM, DeFilippis EM, Kovac D, Corbo H, et al.
COVID-19 Therapeutics and Outcomes Among Solid Organ Transplant
Recipients During the Omicron BA.1 Era. Am ] Transplant (2022) 22(11):
2682-8. doi:10.1111/ajt.17140

A Review of

17.

18.

19.

20.

21.

22.

23.

24.

25.

Immunosuppressive Drugs Adjustments With Nirmatrelvir/Ritonavir

Mecadon K, Arvanitis P, Farmakiotis D, Rogers R. Single-Center Experience
With Nirmatrelvir/Ritonavir in Kidney Transplant Recipients on Tacrolimus
Maintenance Immunosuppression. Clin Transplant (2022) 36(8):e14752.
doi:10.1111/ctr.14752

Devresse A, Briol S, De Greef ], Lemaitre F, Boland L, Haufroid V, et al. Safety,
Efficacy, and Relapse of Nirmatrelvir-Ritonavir in Kidney Transplant
Recipients Infected With SARS-CoV-2. Kidney Int Rep (2022) 7(11):
2356-63. doi:10.1016/j.ekir.2022.08.026

Guyon ], Novion M, Fulda V, Ducint D, Molimard M, Couzi L, et al. A UPLC-
MS/MS Method for Plasma Biological Monitoring of Nirmatrelvir and
Ritonavir in the Context of SARS-CoV-2 Infection and Application to a
Case. ] Am Soc Mass Spectrom (2022) 33(10):1975-81. doi:10.1021/jasms.
2c00204

Dewey KW, Yen B, Lazo J, Seijo L, Jariwala R, Shah R]J, et al. Nirmatrelvir/
Ritonavir Use with Tacrolimus in Lung Transplant Recipients: A Single-Center
Case Series. Transplantation (2023) 107(5):1200-5. doi:10.1097/TP.
0000000000004394

Bihan K, Lipszyc L, Lemaitre F, Dautriche A, Fédrizzi S, Atzenhoffer M, et al.
Nirmatrelvir/Ritonavir (Paxlovid®): French Pharmacovigilance Survey 2022.
Therapies (2023) 78:531-47. doi:10.1016/j.therap.2023.03.001

Cordero CG, de Vicente MS-T. Elevated Tacrolimus Blood Concentration Due
to the Interaction With Nirmatrelvir/Ritonavir During COVID-19 Treatment:
A Case Report. Transplant Proc (2023) 55:1826-8. doi:10.1016/j.transproceed.
2023.03.001

Rose DT, Gandhi SM, Bedard RA, Mondy KE, Chu AL, Gamble KC, et al.
Supratherapeutic Tacrolimus Concentrations With Nirmatrelvir/Ritonavir in
Solid Organ Transplant Recipients Requiring Hospitalization: A Case Series
Using Rifampin for Reversal. Open Forum Infect Dis (2022) 9(7):0fac238.
doi:10.1093/ofid/ofac238

Shah A, Nasrullah A, Butt MA, Young M. Paxlovid With Caution: Novel Case
of Paxlovid-Induced Tacrolimus Toxicity in a Cardiac Transplant Patients. Eur
J Case Rep Intern Med (2022) 11. doi:10.12890/2022_003528

Katzenmaier S, Markert C, Riedel K-D, Burhenne ], Haefeli WE, Mikus G.
Determining the Time Course of CYP3A Inhibition by Potent Reversible and
Irreversible CYP3A Inhibitors Using A Limited Sampling Strategy. Clin
Pharmacol Ther (2011) 90(5):666-73. doi:10.1038/clpt.2011.164

Copyright © 2024 Boland, Devresse, Monchaud, Briol, Belaiche, Giguet, Couzi,
Thaunat, Esposito, Meszaros, Roussoulieres, Haufroid, Le Meur and Lemaitre. This
is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Transplant International | Published by Frontiers

March 2024 | Volume 37 | Article 12360


https://doi.org/10.1186/s12882-023-03154-w
https://doi.org/10.1111/ajt.17027
https://doi.org/10.1111/ajt.16955
https://doi.org/10.1016/j.therap.2022.03.005
https://doi.org/10.1007/s40262-022-01158-7
https://www.ema.europa.eu/en/glossary/summary-product-characteristics
https://doi.org/10.1053/j.ajkd.2022.01.001
https://doi.org/10.1111/tid.14037
https://doi.org/10.1007/s00467-022-05712-0
https://doi.org/10.3389/fimmu.2023.1150341
https://doi.org/10.1111/ajt.16997
https://doi.org/10.1111/ajt.17140
https://doi.org/10.1111/ctr.14752
https://doi.org/10.1016/j.ekir.2022.08.026
https://doi.org/10.1021/jasms.2c00204
https://doi.org/10.1021/jasms.2c00204
https://doi.org/10.1097/TP.0000000000004394
https://doi.org/10.1097/TP.0000000000004394
https://doi.org/10.1016/j.therap.2023.03.001
https://doi.org/10.1016/j.transproceed.2023.03.001
https://doi.org/10.1016/j.transproceed.2023.03.001
https://doi.org/10.1093/ofid/ofac238
https://doi.org/10.12890/2022_003528
https://doi.org/10.1038/clpt.2011.164
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	Adaptative Strategy of Immunosuppressive Drugs Dosage Adjustments When Combined With Nirmatrelvir/Ritonavir in Solid Organ  ...
	Introduction
	Materials and Methods
	Study Step 1: Application of the SFPT and SFT Recommendations
	Study Step 2: Pharmacokinetic Modelling

	Results
	Patient Characteristics
	COVID-19 Infection
	Immunosuppressive Drug Dosing Adjustment
	Trough Concentrations of ISD
	Safety and Efficacy
	Pharmacokinetic Modelling

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Conflict of Interest
	Acknowledgments
	References


