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in SARS-CoV-2 positive kidney transplant
recipients — a case series with four patients
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Abstract

Background Despite vaccination coronavirus disease 2019 (COVID-19)-associated mortality caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) remains high in kidney transplant recipients. Nirmatrelvir is a pro-
tease inhibitor with activity against SARS-CoV-2. Nirmatrelvir reduces the risk for mortality and hospitalization, which
is approved for treating adults at risk for severe disease. Nirmatrelvir is metabolized by the cytochrome P-450 (CYP)
3A4 isozyme CYP3A4 and is therefore co-administered with the irreversible CYP3A4 inhibitor ritonavir, which results
in a drug interaction with tacrolimus. A limited number of patients with nirmatrelvir/ritonavir and tacrolimus therapy
after kidney transplantation have been reported to date. It has been reported that tacrolimus was paused during the
five-day nirmatrelvir/ritonavir therapy and subtherapeutic tacrolimus levels were observed after finishing nirmatrel-
vir/ritonavir in two patients. Therefore, optimization of tacrolimus dosing is urgently needed in transplant recipients
receiving nirmatrelvir/ritonavir treatment.

Case presentation Here, we present our first-hand experience with four patients receiving tacrolimus therapy
following kidney transplantation and nirmatrelvir/ritonavir therapy due to COVID-19. Tacrolimus was paused dur-
ing nirmatrelvir/ritonavir therapy in all patients, which resulted in stable therapeutic tacrolimus levels. Tacrolimus
was continued directly after finishing nirmatrelvir/ritonavir to avoid subtherapeutic levels in the first patient treated.
This patient received his usual tacrolimus maintenance dose, which resulted in toxic levels. Based on this observa-
tion, tacrolimus therapy was continued 24 h after finishing nirmatrelvir/ritonavir treatment at a reduced dose in the
subsequent patients. In these patients, therapeutic to supratherapeutic tacrolimus levels were observed despite the
therapeutic break and dose reduction.

Discussion and conclusions Based on altered CYP3A4 metabolism, tacrolimus levels have to be closely monitored
after treatment with nirmatrelvir/ritonavir. Our study suggests that tacrolimus treatment should be paused during
nirmatrelvir/ritonavir medication and be continued 24 h after completing nirmatrelvir/ritonavir therapy at a reduced
dose and under close monitoring. Based on the limited number of patients in this study, results must be interpreted
with caution.
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Background

The risk for Coronavirus disease 2019 (COVID-19)-as-
sociated mortality and hospital admission is eightfold
increased in kidney transplant recipients compared to
the general population [1]. Despite vaccination, COVID-
19 mortality rates in solid organ transplant recipients
remain high with 8% compared to 10% in unvaccinated
patients [2]. Risk factors for mortality in these patients
comprise age, obesity, transplantation with a deceased
donor, diabetes, cardiovascular and respiratory diseases
[3, 4]. The increased mortality is at least in part due to the
impaired immunological response with adequate anti-
body titres in only about 34—-54% after the second severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
vaccination [5, 6]. Consequently, breakthrough infections
after two doses of vaccination are more prevalent, affect-
ing 8% of kidney transplant recipients [7]. Thus, there is
an urgent need to optimize COVID-19 treatment of this
high-risk patient population. Since mycophenolate treat-
ment increases mortality in kidney transplant recipients
with COVID-19 [8], mycophenolate is typically discon-
tinued during SARS-CoV2 infection in these patients [9].
However, mycophenolate dose reduction within the first
year following kidney transplantation increases the inci-
dence of acute rejection and impairs graft survival [10].
Of note, interrupting mycophenolate therapy for only
6 days increases rejection rates following kidney trans-
plantation [11].

In January 2022, oral therapy with nirmatrelvir/ritona-
vir against SARS-CoV-2 was approved by the European
Medicines Agency for treating COVID-19 in adults at
increased risk for developing severe disease. Nirmatrelvir
inhibits the SARS-CoV-2 3-chymotrypsin-like cysteine
protease [12], which reduced the relative risk of mortality
and hospitalization by 89% in a phase 2-3 trial [13]. Nir-
matrelvir is metabolized by the cytochrome P-450 (CYP)
3A4 isozyme (CYP3A4), and is therefore co-administered
with the irreversible CYP3A4 inhibitor ritonavir. Tac-
rolimus is a standard immunosuppressive agent used
in organ transplant recipients that is also metabolized
by CYP3A4. Therefore, a pronounced drug interac-
tion between tacrolimus and nirmatrelvir/ritonavir is to
be expected, warranting close monitoring and further
investigation. Lange et al. suggest to pause tacrolimus, to
check tacrolimus levels 3 days later, and to restart tacroli-
mus after completion of the nirmatrelvir/ritonavir course
at a reduced dose of 25-50% compared to baseline after
tacrolimus levels reach therapeutic levels [14]. These rec-
ommendations emanate from the experience with com-
bined treatment of ritonavir with anti-hepatitis C virus
(HCV) drugs. Wang et al. tested this protocol in four
kidney transplant patients. The authors observed stable
tacrolimus levels during treatment with nirmatrelvir/
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ritonavir; however, subtherapeutic levels were observed
in two patients 2—3 days after finishing nirmatrelvir/rito-
navir treatment [15]. Therefore, optimization of tacroli-
mus dosing is urgently needed in transplant recipients
receiving nirmatrelvir/ritonavir for treatment of COVID-
19. Here, we report the tacrolimus levels of four kidney
transplant recipients that received nirmatrelvir/ritonavir
to prevent severe COVID-19 disease.

Case presentation

We retrospectively analysed the first four kidney trans-
plant patients with COVID-19, who received treatment
with nirmatrelvir/ritonavir at the Medical Centre of the
University of Freiburg, Germany. Written informed con-
sent was obtained from all patients presented. The need
for an ethics approval was waived by the ethics commit-
tee of the Freiburg Medical Centre. Clinical data were
collected from patient records. All patients were in inpa-
tient care. GraphPad'" Prism Version 8 software (Graph-
Pad Software, San Diego, CA) was used for diagram
preparation.

Patients #1, #2 and #4 were>1-year post-transplanta-
tion (Table 1). Patient #3 received an ABO-incompatible
kidney living donation four months before COVID-19
infection. Patient #1 received a kidney transplantation
from a deceased donor, patient #2 received an ABO-
compatible living kidney donation, and patient #4 an
ABO-incompatible living kidney donation (Table 1).
All patients received tacrolimus immediate release, and
displayed stable tacrolimus levels and eGFR>30 mL/
min/1.73m? prior to SARS-CoV-2 infection.

In patient #1, maintenance immunosuppressive therapy
comprised tacrolimus, azathioprine, and corticosteroids;
patient #2—4 received tacrolimus, mycophenolate, and
corticosteroids (Table 1). In all patients, mycophenolate
and azathioprine were withdrawn during nirmatrelvir/
ritonavir treatment. Patient #2 had received corticos-
teroid pulse therapy due to rejection five years prior to
COVID-19. Since all patients exhibited an eGFR < 60 mL/
min/1.73 m? (Table 1), patients received a reduced nir-
matrelvir dose of 150 mg twice a day (Fig. 1). Nirmatrel-
vir/ritonavir treatment was started between day 1-5 after
hospital admission. In patient #4, treatment was started
on day five due to initial supratherapeutic tacrolimus lev-
els, which were likely caused by COVID-19 associated
diarrhoea. National Early Warning Score (NEWS) 2 is
used to assess severity of disease of COVID-19 patients
[16]. Patient #4 additionally received the anti-interleu-
kin-6 receptor antibody tocilizumab due to a severe
course of disease with a NEWS 2 of 12 and a maximum
oxygen requirement of 8 L/min (Table 1). Patients #1, #2
and #3 had a NEWS 2 of 3—4 (Table 1), which indicates
a low clinical risk. These patients did not require oxygen
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Fig. 1 Time course of nirmatrelvir dose, serum creatinine levels, tacrolimus levels, and tacrolimus dose

supply. All patients had received at least three vaccina-
tions against COVID-19 prior to infection (Table 1).
Patient #2 and #4 did not respond to vaccination as
indicated by negative SARS-CoV2 S1-IgG titres; patient
#1 exhibited low SARS-CoV2 S1-IgG titres. Patient #1,
#2 and #4 also received the SARS-CoV-2 neutralizing
antibody sotrovimab due to an insufficient response
to previous SARS-CoV-2 vaccinations (Table 1). In all
patients, tacrolimus treatment was stopped at the day
of nirmatrelvir/ritonavir initiation. Tacrolimus level was
4.9-6.5 ng/mL prior to nirmatrelvir/ritonavir treatment

(Table 1) and was stable between 6—11.9 ng/mL during
nirmatrelvir/ritonavir treatment (Fig. 1). To avoid drug
interactions in addition to nirmatrelvir/ritonavir and
tacrolimus, no drug listed in the manufacturers’ product
information was administered simultaneously.

In patient #1, tacrolimus was started with the initial
dose after finishing the five-day course of nirmatrelvir/
ritonavir. The patient received two doses of tacrolimus,
which resulted in a toxic peak level of 46 ng/mL. Tacroli-
mus was discontinued for three days until levels declined
to 7.7 ng/mL. A reduced tacrolimus dose for the duration
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of one day increased levels to 13.3 ng/mL the following
day. Due to cholangiosepsis, immunosuppressive therapy
including tacrolimus was then switched to hydrocorti-
sone as continuous infusion, as previously described [17].
The patient died 46 days after the diagnosis of COVID-19.
In patient #2, tacrolimus was restarted one day after fin-
ishing nirmatrelvir/ritonavir treatment at a reduced dose
of 50%, which resulted in stable tacrolimus levels the fol-
lowing three days. In patient #3, tacrolimus therapy was
initiated the day after completing nirmatrelvir/ritonavir
treatment. Despite a 50% dose reduction, tacrolimus lev-
els increased from 6.9 ng/mL to a maximum of 15.9 ng/
mL. The patient received his baseline dose five days after
finishing nirmatrelvir/ritonavir that resulted in a peak
level of 9.7 ng/mL. Patient #4 received a 11% reduced
dose of tacrolimus 24 h after finishing nirmatrelvir/riton-
avir with stable tacrolimus levels between 4.3—-7.8 ng/mL
during the following five days. Patient #2-4 recovered
from COVID-19 with no residual complications.

Discussion and conclusions

Here, we present the results from four patients with kid-
ney transplantation and nirmatrelvir/ritonavir treatment.
Since the randomized Evaluation of Protease Inhibition
for COVID-19 in High-Risk Patients (EPIC-HR) trial
showed a reduced risk for hospitalization and death in
adults with at least one risk factor for a severe course of
the disease [18], nirmatrelvir/ritonavir received a condi-
tional license in Germany in January 2022 and treatment
was used in the patients reported. Remdesivir treatment
reduced the risk of hospitalization, but not death, in a
randomized controlled trial, which comprised patients
with a high risk for progression to severe disease [19];
only recent data from the Lean European Open Survey
showed a reduced mortality for patients starting remde-
sivir administration in the complicated phase of disease,
e.g. mainly needing oxygen supplementation [20]. Nir-
matrelvir/ritonavir was therefore preferred over rem-
desivir for the patients discussed in the present report.
Sotrovimab treatment is safe for patients with solid organ
transplantation [21, 22] and attenuated the course of
severe disease relative to controls. Omicron BA.2 was
the main SARS-CoV-2 variant in Germany at the time
of treatment of the patients reported [23]. Even though
sotrovimab has an reduced neutralizing activity against
Omicron BA.2 [24], these data were not available at the
time of treatment. We thus administered sotrovimab to
our patients with no or limited response to vaccination,
i.e., patient #1, #2 and #4. Studies investigating the thera-
peutic effect of molnupiravir do not consistently demon-
strate efficacy against hospitalization or death. Therefore,
the substance was recommended as second choice com-
pared to nirmatrelvir/ritonavir [25, 26] and was not used
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in our patients. In fact, the European Medicines Agency
(EMA) just recently has refused to recommend the
approval of molnupiravir since clinical benefit in adults
with COVID-19 who are not on supplemental oxygen
and at increased risk of developing severe COVID-19
could not be demonstrated.

All patients in the present study and the report by
Wang et al. [15] showed therapeutic or supratherapeutic
tacrolimus levels during nirmatrelvir/ritonavir treatment
despite discontinuation of tacrolimus treatment. The pre-
sent report supports the recommendation by Wang et al.
to withhold tacrolimus during nirmatrelvir/ritonavir
treatment. Experiences with ritonavir-boosted antiviral
therapy over longer time periods suggest that a substan-
tial reduction in the tacrolimus dose is required to reach
acceptable tacrolimus levels. In a study investigating the
combined therapy of ritonavir and antiviral HCV ther-
apy, tacrolimus was administered at a dose of 0.2-0.5 mg
every 5-10 days [27]. Similarly, therapeutic tacrolimus
levels were reported for HIV-positive patients that were
treated with ritonavir-boosted antiviral therapy at a dose
of 0.03-0.08 mg/d [28].

Ritonavir significantly prolongs the half-life of tac-
rolimus as indicated by an increase from 32 to 232 h in
healthy volunteers [29] and thus, it provides a challenge
to determine when to restart tacrolimus therapy. Wang
et al. observed subtherapeutic tacrolimus levels at day 8
and 9, which resulted in the suggestion to reintroduce
the full or reduced dose between day 8 and 10 [15]. This
contrasts to our patients, in which tacrolimus was re-
introduced earlier to avoid subtherapeutic levels. Patient
#1 was the first kidney transplant recipient treated with
nirmatrelvir/ritonavir at our centre. In this patient, tac-
rolimus was started immediately after completing the
five-day nirmatrelvir/ritonavir course at the normal dose.
Tacrolimus levels reached 40 ng/mL after a single dose
of 2 mg and further increased to 46 ng/mL after another
dose of 2.5 mg, which corresponds to his baseline doses.
Although tacrolimus treatment was stopped immediately,
levels remained elevated, declining to 7.7 ng/mL 3.5 days
after the second dose. This underlines the need for a dose
reduction when re-introducing tacrolimus. Based on the
experience with patient #1, tacrolimus was restarted in
patients #2, #3 and #4 24 h after the five-day nirmatrel-
vir/ritonavir course, and the dose was reduced compared
to the baseline dose by 50% in patient #2 and #3 and by
11% in patient #4. This resulted in stable tacrolimus levels
in patient #2 and #4. Patient #3 had a supratherapeutic
level with 15.9 mg/mL; subtherapeutic levels were not
observed.

Based on altered CYP3A4 metabolism and individual
differences in tacrolimus metabolism, serum levels have
to be closely monitored in kidney transplant recipients
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during and especially after treatment with nirmatrel-
vir/ritonavir. The present study suggests that tacroli-
mus treatment should be temporarily paused during
nirmatrelvir/ritonavir treatment to avoid suprathera-
peutic levels. However, it should be noted that only a
small number of patients was examined. Re-introducing
tacrolimus therapy after nirmatrelvir/ritonavir can be
challenging. The present study suggests that it might
be an option to start tacrolimus 24 h after completing
nirmatrelvir/ritonavir therapy at a reduced dose and
under close monitoring. While COVID-19 positive kid-
ney transplant recipients might benefit from nirmatrel-
vir/ritonavir therapy, the present study indicates that
additional studies with greater patient numbers are
required to optimize the therapeutic immunosuppres-
sive management.
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