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INTRODUCTION
Nirmatrelvir/ritonavir is an oral therapy authorized for use 
under an emergency use authorization (EUA) for the treat-
ment of mild-to-moderate coronavirus disease for individu-
als at high risk for progression to severe coronavirus disease 
2019 (COVID-19).1,2 The use of nirmatrelvir/ritonavir in 
the solid organ transplant (SOT) population is of interest 
as a viable treatment option because SOT recipients are at 
a high risk of morbidity and mortality from COVID-19.3  
Although alternative therapies currently exist for the 

treatment of COVID-19, nirmatrelvir/ritonavir is an 
attractive option because of its oral route, efficacy, and 
availability in the outpatient setting.2 The antiviral activ-
ity of nirmatrelvir/ritonavir comprises 2 mechanisms.2 
Nirmatrelvir acts as a protease inhibitor of severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) and 
interferes with viral replication. Ritonavir, a potent 
cytochrome P450 (CYP) 3A inhibitor, acts as a pharma-
cokinetic booster for nirmatrelvir to allow for prolonged 
drug exposure in the body.4 In SOT, this drug interaction 
is of particular concern for patients stabilized on tacroli-
mus, cyclosporine, everolimus, or sirolimus because these 
medications are metabolized by CYP3A and have a nar-
row therapeutic index. The drug interaction from ritonavir 
inhibits the metabolism of tacrolimus, thus necessitating a 
dose reduction of tacrolimus to prevent toxicity.5,6 Reports 
of the intensity of the interaction between ritonavir and 
tacrolimus, however, vary from increasing tacrolimus lev-
els 8-fold to requiring a 99% dose reduction in tacrolimus 
after starting lopinavir/ritonavir, resulting in a tacrolimus 
dose of 0.5 mg every 7 d.5,6 Therefore, the impact of a 
short 5-d course of ritonavir on tacrolimus levels remains 
uncertain, and concern for toxicity exists.7 One case report 
of 2 SOT recipients indicated that coadministration of tac-
rolimus and nirmatrelvir/ritonavir resulted in tacrolimus 
toxicity requiring hospitalization.8 Recently published 
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Background. Limited data and guidelines exist for using nirmatrelvir/ritonavir in solid organ transplant recipients stabilized 
on tacrolimus for the treatment of mild-to-moderate coronavirus disease. Concern exists regarding the impact of utilizing a 
5-d course of nirmatrelvir/ritonavir with calcineurin inhibitors because of significant drug–drug interactions between ritonavir, 
a potent cytochrome P450 3A inhibitor, and other cytochrome P450 3A substrates, such as tacrolimus. Methods. We 
report the successful use of nirmatrelvir/ritonavir in 12 outpatient lung transplant recipients with confirmed severe acute 
respiratory syndrome coronavirus 2 infection stabilized on tacrolimus immunosuppression. All patients stopped tacrolimus 
and started nirmatrelvir/ritonavir 10 to 14 h after the last dose of tacrolimus. Tacrolimus was withheld and then reinitiated at 
a modified dose 48 h following the completion of nirmatrelvir/ritonavir therapy. Tacrolimus trough levels were checked dur-
ing nirmatrelvir/ritonavir therapy and tacrolimus reinitiation. Results. Ten (10/12) patients were able to resume their original 
tacrolimus dose within 4 d of completing nirmatrelvir/ritonavir therapy and maintain therapeutic levels of tacrolimus. No 
patients experienced tacrolimus toxicity or acute rejection during the 30-d postcompletion of nirmatrelvir/ritonavir therapy. 
Conclusions. In this cohort of lung transplant recipients on tacrolimus, we demonstrated that nirmatrelvir/ritonavir can be 
safely used with close monitoring of tacrolimus levels and appropriate dose adjustments of tacrolimus. Further confirmatory 
studies are needed to determine the appropriate use of therapeutic drug monitoring and tacrolimus dose following comple-
tion of nirmatrelvir/ritonavir in the solid organ transplant population.

(Transplantation 2023;107: 1200–1205).
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guidelines suggest holding tacrolimus while receiving 
nirmatrelvir/ritonavir.9-14 However, the recommendation 
for timing and the dose of tacrolimus reinitiation varies 
from dosing by level to restarting the pretreatment dose at 
the conclusion of the treatment course.9,11-14 A challenge 
with utilizing dosing by level is the difficulty in obtaining 
laboratory blood measurements in patients with an active 
SARS-CoV-2 infection due to potential spread of disease, 
limited laboratory availability for infected patients, and the 
need for patients to quarantine. Therefore, a clear protocol 
that is not overly reliant on daily trough levels or timely 
return of trough levels would be preferable. We present 
12 postlung transplant recipients diagnosed with SARS-
CoV-2 and stabilized on tacrolimus immunosuppression 
who received a full course of nirmatrelvir/ritonavir.

CASE REPORT
Twelve outpatient bilateral lung transplant recipients 

with confirmed SARS-CoV-2 were started on nirmatrelvir/
ritonavir within 5 d of onset of symptoms, which is in line 
with the guidelines put forth in the EUA. The University 
of California, San Francisco, institutional review board 
approved this study under protocol 13-10738. All study 
participants provided written informed consent. All 
patients had received either 2 doses of a messenger RNA 
or 1 dose of an adenovirus vaccination for SARS-CoV-2, 
and 83% (10/12) of the patients had received 1 or more 
additional/booster doses by the time of their diagnosis 
(Table 1). Baseline data for each of these patients includ-
ing lung transplant indication, body mass index, current 
immunosuppression, and significant interacting medica-
tions were also evaluated. All patients stopped immedi-
ate-release tacrolimus and started nirmatrelvir/ritonavir 
10  to  14 h after their last dose of tacrolimus. Patients 
were also instructed to hold all other daily medications 
with significant drug–drug interactions as identified in 
the EUA during 5 d of nirmatrelvir/ritonavir therapy.4 Of 
note, none of the patients were receiving a daily azole 
antifungal medication at the time of the SARS-CoV-2 
diagnosis.

Tacrolimus levels were collected in the morning and each 
patient obtained a tacrolimus level between 3 and 5 d fol-
lowing initiation of nirmatrelvir/ritonavir therapy. Upon 
completion of therapy and resumption of tacrolimus, levels 
collected were verified 12- or 24-h troughs dependent on 
the frequency of tacrolimus that was resumed. Tacrolimus 
levels were compared with predetermined tacrolimus 
trough goals that had been derived from our center’s lung 
transplant protocol accounting for patient specific factors 
(Table 2). Six (50%) of the patients were within their spe-
cific trough goal during days 3 to 5 of nirmatrelvir/ritona-
vir therapy (Table 2). Four additional patients had a level 
that was below the tacrolimus trough goal. For 3 of these 
patients, the level was deemed an acceptable immunosup-
pression level given the patient’s active infection and there-
fore did not require additional interventions. One patient 
(patient 9) had a level 37% below the lower limit of the 
target range, which warranted an additional supplemental 
dosage of 0.5 mg of tacrolimus during nirmatrelvir/ritona-
vir therapy.

Ten of the patients resumed a modified dose of tac-
rolimus at approximately 25% (rounded to the nearest T
A
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TABLE 2.

Tacrolimus troughs during and after nirmatrelvir/ritonavir therapy

Patient 1 Baseline Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12 *Day 17 

NIR/r  D1 (pm) D1/2 D2/3 D3/4 D4/5 D5 (am)        
Tac dose 1.5/2 1.5/0 0/0 0/0 0/0 0/0 0/0 0/0 0.5/0 0.5/0 1/1 1/1 2/2 2/2
Tac trough
(goal 8–10)

14.5a    6.2  5.5    4.1  4.8 11.2

Patient 2 Baseline Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12 *Day 15
NIR/r  D1 (pm) D1/2 D2/3 D3/4 D4/5 D5 (am)        
Tac dose 2/2 2/0 0/0 0/0 0/0 0/0 0/0 0/0 0.5/ 0.5 0.5/ 0.5 2/2 2/2 2/2 2/2
Tac trough
(goal 8–10)

10.9     9.7   7.8    8.7 8.2

Patient 3 Baseline Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12  
NIR/r  D1 (pm) D1/2 D2/3 D3/4 D4/5 D5 (am)        
Tac dose 2/2 2/0 0/0 0/0 0/0 0/0 0/0 0/0 0.5/0.5 0.5/0.5 2/2 2/2 2/2  
Tac trough
(goal 8–10)

7.7    11.0       8.0   

Patient 4 Baseline Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12  
NIR/r  D1 (pm) D1/2 D2/3 D3/4 D4/5 D5 (am)        
Tac dose 3.5/3.5 3.5/0 0/0 0/0 0/0 0/0 0/0 0/0 1/1 1/1 3.5/3.5 3.5/3.5 3.5/3.5  
Tac trough
(goal 5–6)

8.2    6.5          

Patient 5 Baseline Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12 *Day 25
NIR/r  D1 (pm) D1/2 D2/3 D3/4 D4/5 D5 (am)        
Tac dose 0.5/1 0.5/0 0/0 0/0 0/0 0/0 0/0 0/0 0.5/0 0.5/0 0.5/1 0.5/1 0.5/1 1/1
Tac trough
(goal 6–8)

5.2    6.7       4.3  8.6

Patient 6 Baseline Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12  
NIR/r  D1 (pm) D1/2 D2/3 D3/4 D4/5 D5(am)        
Tac dose 3/3.5 3/0 0/0 0/0 0/0 0/0 0/0 0/0 1/1 1/1 3/3.5 3/3.5 3/3.5  
Tac trough
(goal 8–10)

8.9     6.4       10.3  

Patient 7 Baseline Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12  
NIR/r  D1 (pm) D1/2 D2/3 D3/4 D4/5 D5(am)        
Tac dose 1.5/2 1.5/0 0/0 0/0 0/0 0/0 0/0 0/0 0.5/0.5 0.5/0.5 1.5/2 1.5/2 1.5/2  
Tac trough
(goal 6–8)

5.0   5.3       7.9    

Patient 8 Baseline Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12 *Day 14
NIR/r  D1 (pm) D1/2 D2/3 D/3/4 D4/5 D5(am)        
Tac dose 1/1.5 1/0 0/0 0/0 0/0 0/0 0/0 0/0 0.5/0 0.5/0 1/0 0/1 1/1 1/1
Tac trough
(goal 10–14)

9.7   16.8       16.5   7.8

Patient 9 Baseline Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12  
NIR/r  D1 (pm) D1/2 D2/3 D3/4 D4/5 D5 (am)        
Tac dose 0.5/1 0.5/0 0/0 0/0 0/0 0.5/0 0/0 0/0 0.5/0 0.5/0 0.5/1 0.5/1 0.5/1  
Tac trough
(goal 7–8)

4.5b    4.4       8.2   

Patient 10 Baseline Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12  
NIR/r  D1 (pm) D1/2 D2/3 D3/4 D4/5 D5 (am)        
Tac dose 1/1 1/0 0/0 0/0 0/0 0/0 0/0 0/0 0.5/0 0.5/0 1/1 1/1 1/1  
Tac trough
(goal 6–8)

5.8     7.2       12.5  

Patient 11 Baseline Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12 *Day 16
NIR/r  D1 (pm) D1/2 D2/3 D3/4 D4/5 D5 (am)        
Tac dose 1/1 1/0 0/0 0/0 0/0 0/0 0/0 0/0 1/1 1/1 1/1 1/1 1/1 1/1
Tac trough
(goal 6–8)

5.8    6.5       10.6  4.8

Patient 12 Baseline Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12  
NIR/r  D1 D2 D3 D4 D5         
Tac dose 1.5/1.5 0.0/0 0/0 0/0 0/0 0/0 0/0 0/0.5 0.5/0.5 0.5/1.5 1.5/1.5 1.5/1.5 1.5/1.5  
Tac trough
(goal 6–8)

6.4    8.0      5.9    

All patients received 3 tablets (300 mg of nirmatrelvir, 100 mg of ritonavir) twice daily starting day 1 and completed a 5-d course. Tacrolimus dose is displayed as milligrams taken for the morning dose 
and the evening dose. Tacrolimus trough and goal levels (µg/L).
aTacrolimus dose was adjusted 7 d before day 0 in response to elevated tacrolimus trough; a repeated trough had not yet been drawn before NIR/r initiation. 
bTacrolimus dose and trough goals were increased 10 d before day 0; a repeated trough had not yet been drawn prior to NIR/r initiation. 
am, morning; D, dose; NIR/r, nirmatrelvir/ritonavir; pm, evening; Tac, tacrolimus.
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0.5 mg) of their baseline tacrolimus dose for 2 d after the 
completion of nirmatrelvir/ritonavir therapy. Patient 1 was 
started on 14% of the baseline tacrolimus dose (rather 
than 25%) and had a delayed time (12 d) until the full 
tacrolimus dose was restarted. Patient 11 deviated from 
our protocol by bypassing the stepwise dose escalation and 
instead restarted the full baseline tacrolimus dose at 48 h 
following the completion of nirmatrelvir/ritonavir therapy. 
The patient’s subsequent tacrolimus trough level on day 11 
of 10.6 µg/L was still the above goal; however, by the next 
trough check on day 16, the trough had fallen without 
further dose modifications. Despite following the modified 
tacrolimus reinitiation protocol, patient 8 had a noticeable 
increase in the tacrolimus trough from a baseline, which 
persisted until day 14 when the patient was able to resume 
their baseline tacrolimus dose.

One patient was hospitalized and subsequently recov-
ered for worsening SARS-CoV-2 infection following nir-
matrelvir/ritonavir therapy; however, no patients were 
treated for acute rejection or experienced side effects asso-
ciated with toxic tacrolimus troughs within 30 d of initiat-
ing nirmatrelvir/ritonavir.

DISCUSSION
Of the 12 lung transplant recipients who received nir-

matrelvir/ritonavir, 10 (83%) of the patients were able to 
resume their pretreatment (baseline) tacrolimus dose by 
day 10 following the initiation of nirmatrelvir/ritonavir 
therapy without clinically relevant compromise of their 
tacrolimus trough. Patients 1 and 8 did not fully resume the 
baseline tacrolimus dose until days 12 and 16, respectively. 
We suspect that the subtherapeutic tacrolimus trough for 
patient 1 was confounded by a recent dose reduction before 
starting nirmatrelvir/ritonavir, which led to difficulty with 
therapeutic levels. Patient 1 had a tacrolimus dose decrease 
a week before initiating nirmatrelvir/ritonavir in response 
to a supratherapeutic tacrolimus level, and the repeat 
level had not yet been checked before starting nirmatrel-
vir/ritonavir therapy. Patient 1 was also the only patient 
who started nirmatrelvir/ritonavir 14 h after their last tac-
rolimus dose (rather than 12 h). The tacrolimus dose for 

patient 1 was increased with more caution because it was 
the first patient that we had use nirmatrelvir/ritonavir and 
the timing of enzymatic clearance in vivo was not estab-
lished in the literature. With little published data available, 
we initiated tacrolimus slowly at 14% of patient’s previous 
dose on day 8 and slowly titrated up based on repeat lev-
els. In retrospect, restarting only 14% of the baseline tac-
rolimus dose was too low because it might have resulted 
in a subtherapeutic level on day 10. By day 12, the patient 
required slightly higher doses than the baseline tacrolimus 
dose despite the patient taking 50% of the baseline tac-
rolimus dose for 2 d before the laboratory draw, which 
encouraged us to consider starting the baseline tacrolimus 
dose earlier following the completion of nirmatrelvir/rito-
navir in subsequent patients.

Patient 8 had a prolonged supratherapeutic tacrolimus 
level during the nirmatrelvir/ritonavir therapy, which per-
sisted past day 10. Subsequently, the full resumption of the 
baseline tacrolimus dose was delayed until day 16. It is 
unclear why this patient had prolonged enzyme inhibitory 
activity because the patient’s liver enzymes remained stable 
throughout, and 88% to 98% of the hepatic and intestinal 
CYP3A inhibition is proposed to have disappeared by 5 d 
after stopping ritonavir in other models (combined with 
lopinavir).10 This was the only patient that took nirmatrel-
vir/ritonavir 10 h after the last tacrolimus dose, yet it is 
still unclear why the tacrolimus level during nirmatrelvir/
ritonavir therapy was high and subsequently remained 
elevated. Finally, patient 11 deviated from the protocol by 
starting the full baseline dose of tacrolimus 48 h after the 
completion of nirmatrelvir/ritonavir that resulted in an ele-
vated tacrolimus level. Given this supratherapeutic level, it 
is reasonable to believe that a dose reduction when restart-
ing tacrolimus, as recommended in our protocol, may have 
achieved a therapeutic concentration.

From these cases, we created a protocol for holding 
and reinitiating tacrolimus in a stepwise manner upon 
completion of a course of nirmatrelvir/ritonavir follow-
ing a confirmatory diagnosis of SARS-CoV-2 (Figure 1). 
The purpose of the tacrolimus trough control during 
nirmatrelvir/ritonavir therapy is to verify tacrolimus 

FIGURE 1.  Protocol for monitoring lung transplant recipients with confirmed COVID-19 requiring nirmatrelvir/ritonavir. aSupplemental 
dose of tacrolimus if tacrolimus trough level is subtherapeutic. bAdjust tacrolimus based upon previous troughs if clinically indicated. am, 
morning; COVID-19, coronavirus disease 2019; NIR/R, nirmatrelvir/ritonavir; pm, evening; Tac, tacrolimus.
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exposure and ensure that a supplemental dose is not 
needed. The use of a “supplemental” dose for tacrolimus 
(ie, 0.5 mg once a week) has been proposed in other treat-
ment protocols of a ritonavir-boosted protease inhibitor 
regimen.7 At this time, we are also recommending a sec-
ond trough at 5 to 7 d after completing nirmatrelvir/rito-
navir therapy to ensure that the tacrolimus trough level 
has remained stable. Following this second level, tacroli-
mus troughs are further monitored as deemed necessary 
by our outpatient providers.

Our results are consistent with other reports suggesting 
that tacrolimus should be held when nirmatrelvir/ritona-
vir therapy is started, that  tacrolimus troughs should be 
checked 3 to 5 d after starting nirmatrelvir/ritonavir and 
that tacrolimus can be reintroduced at partial or full dose 
3  to  5 d after completing nirmatrelvir/ritonavir, ideally 
guided by therapeutic drug monitoring.9,12,13 However, in 
our experience, resuming 25% of the tacrolimus dose for 
2 d rather than restarting the pretreatment dose 48 h after 
the completion of nirmatrelvir/ritonavir was appropriate 
in our patients. This algorithm was designed based on the 
half-life of nirmatrelvir/ritonavir and the time needed for 
enzyme upregulation of CYP3A to avoid toxic tacrolimus 
drug concentrations that could contribute to side effects 
and potential worsening of the SARS-CoV-2 active infec-
tion. Fortunately, none of our patients exhibited signs of 
rejection during the follow-up period, and only 1 patient 
was subsequently hospitalized for worsening of SARS-
CoV-2 infection following the course of nirmatrelvir/
ritonavir. It is worth noting, however, that all 12 patients 
had an immunosuppression regimen that contained pred-
nisone. Given that coadministration of nirmatrelvir/rito-
navir with prednisone has a potential to increase the area 
under the curve (AUC) of prednisone, although of unde-
termined clinical significance, this interaction may have 
augmented the patient’s overall immunosuppression and 
reduced the likelihood of the patients developing an epi-
sode of rejection.4

Our patient experiences presented in this short report 
have some limitations. This case series was limited to lung 
transplant recipients at a single academic medical center. As 
all patients were taking standard tacrolimus capsules, we 
do not have experience with extended-release tacrolimus 
formulations or utilizing tacrolimus in combination with 
mammalian target of rapamycin inhibitors (ie, sirolimus or 
everolimus). Drug–drug interactions were controlled for by 
stopping daily medications that had been known to have 
a significant interaction with ritonavir. Additionally, our 
center titrates and manages therapeutic drug monitoring 
of tacrolimus concentration based on tacrolimus trough 
rather than AUC measurements. It is possible that, despite 
maintaining an appropriate tacrolimus trough level, the 
AUC measurement may have been reduced while tacroli-
mus doses were held during nirmatrelvir/ritonavir therapy. 
Although AUC measurement may be a better predictor of 
acute rejection in SOT recipients than monitoring of tac-
rolimus trough concentrations, none of the patients in our 
study had shown to have acute rejection 30 d after starting 
nirmatrelvir/ritonavir therapy.15

Our proposed algorithm of tacrolimus titrations based 
on therapeutic drug monitoring is a practical guideline for 
transplant clinicians to utilize in a timely manner without 

requiring additional monitoring during the patient’s SARS-
CoV-2 infection. In patients with accompanying immu-
nologic risk factors, including recent transplant, history 
of rejection, or being  on a medication regimen without 
prednisone, resuming a higher percentage of the baseline 
tacrolimus dose at 48 h in response to subtherapeutic tac-
rolimus troughs may be more appropriate. For this high-
risk group, measuring an additional tacrolimus trough 
level around day 6 may be critical to accurately assess 
the tacrolimus elimination slope if concern for rejection 
exists.14

Because of laboratory infection control restrictions for 
patients actively infected with SARS-CoV-2, monitoring 
tacrolimus troughs during this period was challenging. 
Therapeutic drug monitoring of tacrolimus following the 
nirmatrelvir/ritonavir treatment course, though, remains 
important because the clearance of CYP3A enzymatic 
activity of nirmatrelvir/ritonavir may vary between 
patients as was evidenced by a small portion of our 
patients.11 Furthermore, given the risk of renal toxicity, 
neurotoxicity, and worsening SARS-CoV-2 infection from 
elevated tacrolimus levels or conversely risk of rejection 
from subtherapeutic levels, there should be caution with 
reinitiation of tacrolimus.

The short treatment course of nirmatrelvir/ritona-
vir presents a unique situation in which adjustments to 
immunosuppressive drugs are critical to monitor when 
initiating therapy and soon after therapy is complete. 
These cases illustrate the importance of coordination 
and communication of dosage changes for medications, 
taking into account the onset and offset of the phar-
macokinetic drug interactions in this already complex 
patient population. As providers gain more experience 
with managing these drug interactions in this critical 
population, more patients will be able to utilize this val-
uable therapy.
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