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1  |  INTRODUC TION

Compared with the general population, solid organ transplant re-
cipients (SOTR) are at significantly higher risk of morbidity and 
mortality due to COVID-19.1,2 With decreased rates of response to 

SARS-CoV-2 vaccination and the need for ongoing immunosuppres-
sion, this high-risk population can potentially benefit from early ther-
apies to mitigate hospital admission and mortality. Unfortunately, 
the spread of the Omicron variant has decreased the number of 
effective drug therapies, as both bamlanivimab/etesevimab and 
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Nirmatrelvir/ritonavir (NR) use has not yet been described in solid organ transplant 
recipients (SOTRs) with mild COVID-19. The objective was to evaluate outcomes 
among SOTR and describe the drug–drug interaction of NR. This is an IRB-approved, 
retrospective study of all adult SOTR on a calcineurin inhibitor (CNI) or mammalian 
target of rapamycin inhibitor who were prescribed NR between December 28, 2021 
and January 6, 2022. A total of 25 adult SOTR were included (n  =  21 tacrolimus, 
n = 4 cyclosporine, n = 3 everolimus, n = 1 sirolimus). All patients were instructed to 
follow the following standardized protocol during treatment with 5 days of NR: hold 
tacrolimus or mTOR inhibitor or reduce cyclosporine dose to 20% of baseline daily 
dose. Four patients (16%) were hospitalized by day 30; one for infectious diarrhea 
and three for symptoms related to COVID-19. No patients died within 30 days of re-
ceipt of NR. Median tacrolimus level pre- and post-NR were 7.4 ng/ml (IQR, 6.6–8.6) 
and 5.2 (IQR, 3.6–8.7), respectively. Four patients experienced a supratherapeutic 
tacrolimus concentration after restarting tacrolimus post-NR. Our results show the 
clinically significant interaction between NR and immunosuppressive agents can be 
reasonably managed with a standardized dosing protocol. Prescribers should carefully 
re-introduce CNI after the NR course is complete.
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casirivimab/imdevimab have diminished efficacy against this variant 
and were eventually removed from treatment guidelines.3

Sotrovimab, a monoclonal antibody product with a unique mech-
anism of action, is believed to retain efficacy against the original 
Omicron variant.3 However, supplies of sotrovimab have been in-
sufficient to meet the high demand and coordinating ambulatory 
intravenous infusions can often be difficult. Similar logistical issues 
complicate the outpatient use of IV Remdesivir, despite supportive 
data.4 Fortunately, two new oral options were granted emergency 
use authorization (EUA) by the FDA, and both became available in 
December of 2021.

One of these oral options, nirmatrelvir co-administered with 
ritonavir, was shown to reduce the risk of hospitalization or death 
compared with placebo by 89% in 2,246 unvaccinated patients 
infected with SARS-CoV-2.5 However, ritonavir is a potent cyto-
chrome P450 (CYP) 3A and P-glycoprotein inhibitor that compli-
cates the use of commonly used immunosuppressive medications. 
Following the FDA EUA of nirmatrelvir/ritonavir (NR), we convened 
a group of multidisciplinary experts at our center to provide recom-
mendations for managing SOTR on calcineurin inhibitors (CNIs) or 
mammalian target of rapamycin inhibitors (mTOR) who are to begin 
treatment with nirmatrelvir/ritonavir.6 To date, limited data exist de-
scribing outcomes of nirmatrelvir/ritonavir in SOTR with COVID-19 
with respect to disease progression or the pharmacokinetic inter-
action with immunosuppressive agents. The objective of this study 
was to evaluate the impact of nirmatrelvir/ritonavir use in SOTR on 
key clinical outcomes and to assess the impact of the drug–drug in-
teraction with CNIs and mTOR inhibitors. Here, we report on the 
first 25 SOTR treated with NR for mild COVID-19 and describe 30-
day outcomes as well as the drug–drug interactions with common 
immunosuppressant medications.

2  |  METHODS

In this IRB-approved, retrospective study, all adult SOTR receiving a 
new prescription for nirmatrelvir/ritonavir between December 28, 
2021 and January 6, 2022 were included. Key demographics and 
background histories were obtained from review of the electronic 
medical record. The outcomes of interest were the incidence of hos-
pital admission or mortality within 30 days of nirmatrelvir/ritonavir 
completion as well as immunosuppressant drug levels and dose ad-
justments. The baseline values represent the last known immuno-
suppressant trough concentration and dose. Patients were excluded 
if they did not complete 5 days of nirmatrelvir/ritonavir. Patient fol-
low-up was at least 30 days for all patients with day 1 being the start 
of nirmatrelvir/ritonavir. All patients were instructed to adhere to 
the following previously published dosing guideline from our clinical 
group6: hold tacrolimus or mTOR inhibitor or reduce cyclosporine 
dose to 20% of baseline daily dose. Patients were also routinely in-
structed to call the transplant clinic if they were to experience any 
signs/symptoms associated with CNI or mTOR inhibitor toxicity. 
A  follow-up level was suggested on day 3 of nirmatrelvir/ritonavir  

(if  feasible) and strongly recommended within 1 to 2 days of com-
pleting nirmatrelvir/ritonavir. Follow-up laboratory work were ob-
tained via a facility capable of servicing patients with COVID-19.

3  |  RESULTS

A total of 25 SOTR were included: kidney = 5 (20%), liver = 2 (8%), 
heart = 9 (36%), and lung = 9 (36%) (see Table 1). All patients com-
pleted 5 days of therapy. The median age was 57.7 years (IQR, 49.8–
65.3), and the majority were male (56%). The median time from 
transplant to COVID-19 was 3.6  years (IQR, 1.2–9.4). Time from 
COVID-19 symptom onset to the receipt of nirmatrelvir/ritonavir 
was 2 days (IQR, 1–3). All patients followed the published protocol. 
The majority of patients were vaccinated (92%) with an approved 
mRNA vaccine with 69.6% of patients having received three doses. 
There were two patients with an unknown vaccination status.

Two patients of the 25 patients (8%) were hospitalized within 
14  days of NR initiation. The first patient was a lung transplant 

TA B L E  1  Baseline characteristics

Age, years 57.7 (49.8–65.3)

Male sex 14 (56)

Race/ethnicity

Asian 2 (8)

Black 4 (16)

Caucasian 12 (48)

Hispanic 5 (20)

Unknown 2 (8)

Organ transplant

Kidney 5 (20)

Liver 2 (8)

Lung 9 (36)

Heart 9 (36)

Time from txp to COVID-19, years 3.6 (1.2–9.4)

Serum creatinine before, mg/dl 1.2 (0.94–1.3)

Serum creatinine after, mg/dl 1.2 (1.0–1.5)

Concomitant drug–drug interactions 6 (24)

Azole antifungals* 5 (20)

Primidone 1 (4)

HMG-CoA reductase inhibitors 8 (32)

Ticagrelor 1 (4)

Vaccinated 23 (92)

mRNA 21 (84)

Two doses 5 (21.7)

Three doses 16 (70)

Adenovirus vector 2 (8)

Note: All values are n (%) or median (IQR, 25–75) unless otherwise 
specified.
*Two patients on voriconazole, two patients on clotrimazole, and one 
patient on posaconazole.
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recipient presenting with fever, diarrhea, tachycardia, and hypo-
tension requiring 2  L of oxygen via nasal cannula intermittently 
that received no additional COVID-19-directed therapy. The pa-
tient's length of stay was prolonged (25 days) in the setting of se-
vere diarrhea secondary to C. difficile and antibiotic treatment for 
bacteria pneumonia. The second patient was a liver transplant re-
cipient admitted for recurrent C. difficile associated diarrhea, who 
was hospitalized for three days and discharged home. By 30 days, 
there were two additional patients that required hospitalization. 
One patient was a renal transplant recipient admitted on day 27 for 
fevers, hypoxia and productive cough requiring 2  L of oxygen via 
nasal cannula. This patient received a 3-day course of remdesivir 
and corticosteroids and was discharged home on room air. The other 
patient was a lung transplant recipient admitted on day 28 with non-
productive cough, shortness of breath and intermittent fevers that 
required 3 L of oxygen via nasal cannula. This patient was treated 
with remdesivir/dexamethasone and piperacillin/tazobactam for 
ongoing COVID-19 (cycle threshold value was 23) with a superim-
posed bacterial pneumonia. The patient was admitted for 11 days 
and subsequently discharged home on room air. No patients died 
within 30 days of receipt of nirmatrelvir/ritonavir.

The median time from beginning treatment with nirmatrelvir/ri-
tonavir to the first measured CNI trough concentration was 6 days 
(IQR, 6–7). Four patients received a follow-up CNI level during the 
5-day treatment with nirmatrelvir/ritonavir. No patients were diag-
nosed with acute rejection during the 30 day follow-up period.

Of the 25 patients, 21 were receiving tacrolimus at the time of 
COVID-19. Pre- and post- tacrolimus trough concentrations were 
available for assessment in 19 patients. Of the two patients excluded, 
one patient did not have a follow-up level, and the other patient was 
for mistakenly taking a dose of tacrolimus prior to obtaining their 
first post-NR trough. The median tacrolimus trough concentration 
before the receipt of nirmatrelvir/ritonavir was 7.4 ng/ml (IQR, 6.6–
8.6), and the time from the last known trough concentration prior to 
receipt of nirmatrelvir/ritonavir was 27 days (IQR, 6–74). The median 
first trough concentration post-receipt of nirmatrelvir/ritonavir was 
5.2 ng/ml (IQR, 3.6–8.7) (see Figure 1A). No patients had a suprath-
erapeutic trough concentration at first assessment after completing 
nirmatrelvir/ritonavir. One heart transplant recipient had an unde-
tectable level on day three of nirmatrelvir/ritonavir therapy, which 
prompted an endomyocardial biopsy that was negative for rejection. 
Patients re-initiated tacrolimus at 82% (IQR, 71–100) of their base-
line total daily dose at a median of 8 days (IQR, 7–9) from the start 
of nirmatrelvir/ritonavir. After restarting tacrolimus, four patients 
experienced a supratherapeutic tacrolimus trough concentration 
(see Table S1). One heart transplant recipient did experience a rise in 
serum creatinine >0.3 mg/dl in the setting of an elevated tacrolimus 
trough concentration of 24.6 ng/ml (on day 10) after resumption of 
the full pre-dose on day 7.

Of the 25 patients, 4 were receiving cyclosporine at the time 
of COVID-19 and pre- and post- cyclosporine trough concentra-
tions were available for 3 patients. All patients had their cyclospo-
rine dose reduced to approximately 20% of their total daily dose. 

One patient had a cyclosporine trough concentration of 73 ng/ml, 
checked 58 days prior to receipt of nirmatrelvir/ritonavir. This pa-
tient had a measured cyclosporine trough of 45 ng/ml on day 9. The 
second patient had a cyclosporine trough of 75.9  ng/ml checked 
70  days prior to receipt of nirmatrelvir/ritonavir. This patient had 
two cyclosporine trough concentrations (while taking the same 
reduced-dose) checked on day 6 and day 9 of 190 ng/ml and 80 ng/
ml, respectively. Patient three had a cyclosporine trough that was 
undetectable drawn 5 days prior to receipt of nirmatrelvir/ritonavir. 
This patient had a follow-up cyclosporine trough concentration of 
31.9 ng/ml on day 23, having resumed the pre-nirmatrelvir/ritonavir 
dose on day 8 (see Figure 1B).

Additionally, three patients were receiving everolimus, and one 
patient was receiving sirolimus at the time of COVID-19. All four pa-
tients were instructed to hold everolimus or sirolimus at the time of 
initiating a 5-day course of nirmatrelvir/ritonavir. The median evero-
limus trough concentration prior to receipt of nirmatrelvir/ritonavir 
was 4.8 ng/ml (IQR, 3–4.9) and the time from the last known trough 
concentration until receipt of nirmatrelvir/ritonavir was 77  days 
(IQR, 58–140). Everolimus trough concentrations post-nirmatrelvir/
ritonavir were undetectable in two patients on day 7 and day 9, and 
1.4  ng/ml on day 8 in the third patient. In the one patient taking 
sirolimus, there was a trough concentration of 5 ng/ml at baseline, 
drawn 13 days prior to the start of nirmatrelvir/ritonavir. The first 
measured sirolimus trough concentration following completion of 
nirmatrelvir/ritonavir was 9.5 ng/ml on day 14.

There were several concomitant drug–drug interactions that 
were managed: five patients receiving concomitant azole antifungal 
agents, eight patients on HMG-CoA reductase inhibitors, one pa-
tient on ticagrelor, and one patient on primidone. No azole antifun-
gal agents were dose adjusted/held, 7/8 patients were instructed to 
hold HMG-CoA reductase inhibitors, the one patient on ticagrelor 
was instructed to hold their dose, and the single patient on prim-
idone continued therapy during the nirmatrelvir/ritonavir course. 
Serum creatinine values were numerically similar, with only one pa-
tient experiencing a rise in serum creatinine greater than 0.3 mg/dl 
between NR start and NR completion. There were also an additional 
two patients with a similar rise within the 30 day follow-up period. 
Liver enzymes and total bilirubin were not routinely checked, but 
no patients experienced a documented rise of AST/ALT or bilirubin 
greater than 3x the upper limit of normal.

4  |  DISCUSSION

Pooled studies across a variety of variant-dominated COVID-19 
waves indicate significant morbidity and mortality among SOTR 
compared with that of the non-immunocompromised population.7–9 
These findings underscore the need to identify safe and effective 
drug therapies for this vulnerable patient population. While nir-
matrelvir/ritonavir was previously shown to be safe and effective 
in non-transplant patients, SOTR carry a heightened risk of ex-
periencing drug-related harm with this agent (e.g., neurotoxicity, 
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F I G U R E  1  Immunosuppression trough concentrations. Each point represents a trough concentration. “Pre” refers to most recent trough 
concentration before receipt of nirmatrelvir/ritonavir (black circles). (A) Tacrolimus trough concentrations. All patients received nirmatrelvir/
ritonavir on days 1–5, and tacrolimus was held during this time. The first tacrolimus trough concentrations while tacrolimus was withheld 
are represented as cranberry colored circles. All tacrolimus trough concentrations drawn after restarting tacrolimus within 30 days are 
represented as a small black x. (B) Cyclosporine trough concentrations. All patients reduced cyclosporine dose to 20% of total daily dose 
while on NR. (C) Everolimus trough concentrations. All patients received nirmatrelvir/ritonavir on days 1–5 and everolimus was held during 
this time. The first everolimus trough concentrations while everolimus was withheld are represented as cranberry colored circles. All 
everolimus trough concentrations drawn after restarting everolimus within 30 days are represented as a small black x. ¥Patient with an 
undetectable tacrolimus trough concentration on day 3 of NR was instructed to resume taking tacrolimus at a reduced dose
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nephrotoxicity, etc.) as a result of the significant interaction with key 
immunosuppressive drug therapies.10

This case series reports a low rate of COVID-19-related hos-
pitalization and death in a broad cohort of both abdominal and 
cardiothoracic SOTR. In our cohort, only one patient was admit-
ted with complications related to COVID-19 within 14  days and 
two additional patients were admitted with late presentation of 
COVID-19 pneumonia, requiring additional therapy while hospital-
ized. Nevertheless, we cannot conclusively associate this finding 
with NR given the uncontrolled nature of this study. The FDA EUA 
for nirmatrelvir/ritonavir is based on the EPIC-HR phase 2/3, ran-
domized, double-blind, placebo-controlled study in which patients 
that received nirmatrelvir/ritonavir were shown to have a significant 
reduction COVID-19 related hospitalization or death.5 Notably, this 
study included patients with immunosuppressive disease or immu-
nosuppressive treatment but excluded individuals with a history of 
prior COVID-19 or vaccination. The incidence of hospitalization or 
death in our study was higher than that reported in the nirmatrel-
vir/ritonavir EUA. This is in line with higher rates of hospitalization 
for COVID-19 in SOTR compared with the general population.9 This 
highlights the potential contribution of immunosuppression or co-
morbidities on COVID-19 outcomes in SOTR.11

Our findings in this case series, although preliminary, highlight 
the potential feasibility of managing the drug interaction between NR 
and key transplant medications using a standardized dosing protocol. 
While following the guidance of our previously published protocol, 
no patients experienced a supratherapeutic trough concentration at 
first assessment, but there were four patients who had a suprather-
apeutic concentration upon re-initiation of tacrolimus. Importantly, 
there were no patients who experienced diagnosed acute rejection 
during the 30-day follow-up period. Since this was a retrospective 
review, it was difficult to ascertain how post-COVID-19 trough goals 
differs from pre-COVID-19 goals. Although the first follow-up CNI/
mTOR inhibitor trough concentrations were lower relative to base-
line trough concentrations, this protocol sought to avoid toxicity due 
to supratherapeutic concentrations.

Ritonavir-boosted HIV and direct acting antiviral (DAA) reg-
imens have been shown to have a clinically significant interaction 
with CNI.10,12 In healthy volunteers receiving a ritonavir-boosted 
DAA regimen co-administered with a CNI, patients experienced a 
57-fold increase in tacrolimus exposure and a 5.8-fold increase in 
cyclosporine exposure.12 This required a dose-adjustment of cyclo-
sporine to 20% of the total daily dose and a reduction to tacrolimus 
0.5 mg once weekly.10 In light of the potentially severe nature of the 
interaction with frequently used immunosuppressant drugs, a recent 
statement by the American Society of Transplantation encouraged 
the use of outpatient sotrovimab or intravenous remdesivir over 
nirmatrelvir/ritonavir.13

However, the results of our analysis demonstrate that the clin-
ically significant interaction between nirmatrelvir/ritonavir and im-
munosuppressants can be reasonably managed with a standardized 
dosing protocol.6 We consider there are two “phases” of this inter-
action. The first phase is initiating nirmatrelvir/ritonavir and making 

empiric adjustments to baseline CNI/mTOR inhibitor dosing. The 
second phase is the re-initiation or dose adjustment of CNI/mTOR 
inhibitor following completion of nirmatrelvir/ritonavir. In the first 
phase, no patients experienced supratherapeutic tacrolimus or cyc-
losporine concentrations, and only one patient had an undetectable 
first CNI trough concentration in the 30-day follow-up period. This 
patient was a heart transplant recipient on tacrolimus 7.5 mg twice 
daily prior to starting nirmatrelvir/ritonavir. On day 3 of therapy his 
tacrolimus trough concentration was undetectable, and he was re-
initiated on tacrolimus 5 mg twice daily. This patient also underwent 
endomyocardial biopsy that was negative for acute rejection. On day 
8 (3 days after stopping nirmatrelvir/ritonavir), this patient's tacroli-
mus trough concentration was 8.9 ng/ml.

A significant component of managing this drug–drug interaction 
is determining when and how to restart CNI/mTOR inhibitors (the 
second phase). Ritonavir is an irreversible inhibitor of cytochrome 
(CYP) 3A activity.14,15 On discontinuation of ritonavir, recovery of 
CYP 3A activity may not be fully achieved for 2–5 days depending 
on patient-specific factors.15 Clinically this is an important point to 
address to avoid toxicity. In the current study, patients resumed tak-
ing tacrolimus 3 days (2–5 days) after the completion of nirmatrel-
vir/ritonavir. In 19 patients with at least two follow-up tacrolimus 
trough concentrations, there were four instances in which patients 
resumed either a reduced dose or their full pre-nirmatrelvir/ritona-
vir tacrolimus dose and experienced a subsequent supratherapeu-
tic tacrolimus trough concentration above 15 ng/ml (Table S1). This 
highlights the individual patient variability of recovery of CYP 3A 
enzyme activity. Thus, treating clinicians must weigh the individual 
risk or rejection and ability to obtain follow-up levels when consider-
ing dose titrations of CNI after completion of nirmatrelvir/ritonavir.

In terms of safety, there were no patient-reported neurological 
sequelae in the setting of concomitant use of nirmatrelvir/ritonavir 
and CNIs. One patient did experience acute kidney injury in the set-
ting of an elevated tacrolimus trough concentration of 24.6 ng/ml 
(on day 10) after resumption of the full pre-dose on day 7. There 
were several drug–drug interactions between HMG-CoA reductase 
inhibitors and antiplatelet agents that did require discontinuation. 
Consultation with a transplant pharmacist to help manage these 
drug interactions were helpful.

Based on the results herein, at the start of nirmatrelvir/ritonavir 
we propose to hold tacrolimus and mTOR inhibitors and for those pa-
tients on cyclosporine to reduce the total daily dose by 80%. Future 
immunosuppressant dose changes should be made according to the 
follow-up level.6 The overall trend in our cohort was for the tacrolimus 
levels to drop in the setting of holding the drug for the entire course 
of nirmatrelvir/ritonavir (Figure 1A). For the majority of stable, ambu-
latory SOTR who are currently infected with COVID-19, we feel that 
this slight decrease would be unlikely to result in adverse immuno-
logic sequelae. However, for patients with high immunologic risk fac-
tors, such as recent transplant or history of rejection, clinicians might 
strongly consider referring patients to obtain a trough concentration 
on day 3 to avoid early subtherapeutic levels and either re-initiate a 
reduced tacrolimus dose after the completion of therapy or use the 
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close re-assessment and dosing by levels approach. The use of “sup-
plemental” doses for tacrolimus (i.e., 0.5 mg once per week) has been 
proposed in other treatment protocols of a ritonavir-boosted protease 
inhibitor regimen.10 Although we are unable to comment about the 
benefit of a supplemental dose in the setting of 5 days of ritonavir as 
this was not part of our current protocol.

Our analysis has several important limitations. First, we took 
a convenience sample population with a relatively limited size, al-
though this was due to a shortage of nirmatrelvir/ritonavir during 
the peak of Omnicron variant wave in New York City. Second, our 
analysis does not have a comparator group, which precludes us 
from determining the efficacy of nirmatrelvir/ritonavir in prevent-
ing COVID-19-related hospitalization and death. These limitations 
notwithstanding, our analysis shows that nirmatrelvir/ritonavir 
was associated with a relatively low number of COVID-19-related 
hospitalization and death in SOTR. Furthermore, the use of a stan-
dardized dosing protocol can assist clinicians in navigating the drug 
interaction between nirmatrelvir/ritonavir and immunosuppressive 
therapy. Although our study has described the short-term safety of 
nirmatrelvir/ritonavir, future studies with a comparator group are 
needed to establish the efficacy of nirmatrelvir/ritonavir in SOTR.
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