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Recommendations for the Management of 
Drug–Drug Interactions Between the COVID-19 
Antiviral Nirmatrelvir/Ritonavir (Paxlovid) and 
Comedications
Catia Marzolini1,2,*, Daniel R. Kuritzkes3, Fiona Marra2,4, Alison Boyle2,4, Sara Gibbons2, Charles Flexner5, 
Anton Pozniak6,7, Marta Boffito6, Laura Waters8, David Burger9,10, David J. Back2 and Saye Khoo2

The coronavirus disease 2019 (COVID-19) antiviral nirmatrelvir/ritonavir (Paxlovid) has been granted authorization 
or approval in several countries for the treatment of patients with mild to moderate COVID-19 at high risk of 
progression to severe disease and with no requirement for supplemental oxygen. Nirmatrelvir/ritonavir will be 
primarily administered outside the hospital setting as a 5-day course oral treatment. The ritonavir component 
boosts plasma concentrations of nirmatrelvir through the potent and rapid inhibition of the key drug-metabolizing 
enzyme cytochrome P450 (CYP) 3A4. Thus nirmatrelvir/ritonavir, even given as a short treatment course, has 
a high potential to cause harm from drug–drug interactions (DDIs) with other drugs metabolized through this 
pathway. Options for mitigating risk from DDIs with nirmatrelvir/ritonavir are limited due to the clinical illness, the 
short window for intervention, and the related difficulty of implementing clinical monitoring or dosage adjustment 
of the comedication. Pragmatic options are largely confined to preemptive or symptom-driven pausing of the 
comedication or managing any additional risk through counseling. This review summarizes the effects of ritonavir 
on drug disposition (i.e., metabolizing enzymes and transporters) and discusses factors determining the likelihood of 
having a clinically significant DDI. Furthermore, it provides a comprehensive list of comedications likely to be used 
in COVID-19 patients which are categorized according to their potential DDI risk with nirmatrelvir/ritonavir. It also 
discusses recommendations for the management of DDIs which balance the risk of harm from DDIs with a short 
course of ritonavir, against unnecessary denial of nirmatrelvir/ritonavir treatment.

The severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) protease inhibitor nirmatrelvir/ritonavir (Paxlovid) has 
been granted authorization or approval in several countries for the 
treatment of patients with mild to moderate COVID-19 at high 
risk of progression to severe disease and with no requirement for 
supplemental oxygen. Nirmatrelvir/ritonavir at an oral dose of 
300/100 mg twice daily for 5 days reduced the risk of COVID-19 
related hospitalization and death within 28 days by 89% when 
compared with a placebo group when treatment was started within 
3 days of COVID-19 symptoms onset.1 Due to the use of ritona-
vir, nirmatrelvir/ritonavir has a high potential to cause clinically 
important drug–drug interactions (DDIs) with other concurrent 
medications.

Ritonavir was originally approved in 1996 for HIV treatment 
at a dose of 600 mg twice daily but due to poor tolerability was 
discontinued as a therapeutic agent. However, as a potent inhibitor 

of the cytochrome P450 (CYP) 3A4 isoenzyme, low doses of ri-
tonavir (i.e., mostly 100 mg administered once or twice daily) have 
been used for more than two decades to “boost” HIV protease in-
hibitors.2 Similarly, ritonavir is used as a pharmacokinetic booster 
to increase the exposure of the COVID-19 protease inhibitor nir-
matrelvir, a CYP3A4 substrate.3–4

Aside from affordability and availability, DDIs are the most 
important restriction to the widespread use of nirmatrelvir/ri-
tonavir. In many settings, nirmatrelvir/ritonavir will be primarily 
prescribed by practitioners who may lack in-depth knowledge of 
managing these complex DDIs associated with ritonavir, leading to 
unintended denial of therapy or the occurrence of serious adverse 
events due to inadvertent DDIs. Moreover, the short treatment 
course may allow some comedications to continue despite the 
presence of a DDI. For safe management, it is essential that pre-
scribers are aware of drugs that are an absolute contraindication for 
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use with nirmatrelvir/ritonavir but also know which drugs can be 
safely coadministered to prevent unnecessary denial of nirmatrel-
vir/ritonavir treatment or inappropriate withholding of long-term 
comedications.

In this review, we summarize the effects of ritonavir on drug dis-
position (i.e., metabolizing enzymes and transporters) and discuss 
factors determining the likelihood of having a clinically significant 
DDI. Furthermore, using a standardized approach, we predicted 
potential DDIs with nirmatrelvir/ritonavir for a comprehensive 
list of comedications likely to be prescribed in COVID-19 pa-
tients. Finally, we discussed the management of selected DDIs of 
interest.

PHARMACOLOGY OF RITONAVIR
Effect of ritonavir on drug-metabolizing enzymes and drug 
transporters
Ritonavir is a potent CYP3A4 inhibitor reaching maximal inhi-
bition effect at a dose of 100 mg and therefore can substantially 
increase the plasma concentrations of concurrent drugs predom-
inantly metabolized by CYP3A4.5 However, ritonavir is only a 
weak inhibitor of CYP2D6 at a boosting dose.6 Ritonavir is also 
an inducer of CYP1A2, CYP2B6, CYP2C9, CYP2C19, and 
uridine diphosphate (UDP)-glucuronyltransferase (UGT), and 
consequently can reduce the exposure (i.e., area under the curve 
(AUC)) of drugs metabolized by these enzymes.7 In addition, ri-
tonavir inhibits the transporters P-glycoprotein (P-gp) and breast 
cancer resistance protein (BCRP), expressed notably in the intes-
tine, leading to an increased intestinal absorption of some drugs 
(e.g., direct-acting oral anticoagulants). Ritonavir also inhibits the 
hepatic uptake transporters organic anion transporting polypep-
tides (OATP) 1B1 and 1B3, resulting in increased plasma concen-
trations of drugs such as statins.7–8

Onset of ritonavir inhibitory and inducing effects
The onset of ritonavir inhibitory effect is rapid; thus even short 
courses of nirmatrelvir/ritonavir treatment can cause clinically 
relevant DDIs. Maximal inhibition of CYP3A4 was achieved 
48 hours after initiating ritonavir in individuals treated with the 
CYP3A4 substrate midazolam.9 In contrast, induction develops 
more slowly with maximal induction observed typically after 
5–7 days of dosing for CYP3A4, although the time course for in-
duction of non-CYP3A4 enzymes and transporters has not been 

fully elucidated.10 Thus when ritonavir is used for 5 days in the 
context of COVID-19 treatment, its induction properties are less 
likely to be clinically relevant in comparison with chronic admin-
istration for HIV treatment.

Duration of CYP3A4 inhibitory effect after stopping ritonavir
Ritonavir irreversibly inhibits CYP3A4 leading to the loss of the 
enzyme. As a consequence, inhibition takes several days to reverse 
as it requires de novo enzyme synthesis to restore baseline meta-
bolic activity.11–12 Modeling suggests that over 80% of CYP3A4 
inhibition will have resolved 3 days after stopping ritonavir in 
young and elderly adults (Figure  1),11 although significant in-
terindividual variability should be noted.9,11 The time window 
for pausing drugs should also factor in the critical indication of 
some drugs. Real-life data for the management of the nirmatrel-
vir/ritonavir interaction with the narrow therapeutic index drug 
tacrolimus showed that pausing tacrolimus for 8 days (i.e., 5 days 
during nirmatrelvir/ritonavir treatment + 3 days waiting period 
for the disappearance of CYP3A4 inhibition) resulted in tacroli-
mus levels within therapeutic range in most patients. A few indi-
viduals had supratherapeutic tacrolimus levels after re-initiating 
tacrolimus at day 8 due to the slower CYP3A4 inhibition dis-
appearance.13 Based on these real-life data, most comedications 
which are paused during nirmatrelvir/ritonavir therapy can be 
restarted 3 days after the last dose of nirmatrelvir/ritonavir. For 
narrow therapeutic index drugs, it is recommended to wait at least 
3 days and, if possible, up to 5 days after completing nirmatrelvir/
ritonavir treatment due to the large interindividual variability 
in the disappearance of CYP3A4 inhibition. The same timeline 
applies for comedications whose dosage has been reduced during 
nirmatrelvir/ritonavir treatment.

Effect of comedications on nirmatrelvir/ritonavir 
concentrations
Both nirmatrelvir and ritonavir are substrates of CYP3A4.3–4 
Strong CYP3A4 inhibitors will not increase nirmatrelvir/ritona-
vir concentrations to a clinically significant extent given that 
ritonavir per se inhibits maximally CYP3A4. However, the con-
centrations of nirmatrelvir/ritonavir can be significantly reduced 
by strong inducers which may potentially compromise its efficacy. 
The coadministration of nirmatrelvir/ritonavir and the strong in-
ducer carbamazepine (300 mg twice daily) decreased nirmatrelvir 

Figure 1  Disappearance of CYP3A4 inhibition 1, 2 3, 4, and 5 days after stopping ritonavir for different age groups. The data are presented as 
mean value with the 95% confidence interval (adapted from ref. 11). CYP, cytochrome P450.
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AUC by 55%.3–4 Thus, the coadministration with strong inducers 
is contraindicated in the product labels.3–4 It is critical that pre-
scribers are aware of the persisting inducing effect upon discontin-
uation of an inducer.14 Thus, DDIs with strong inducers cannot 
be prevented and require the use of an alternative COVID-19 
therapy. Moderate inducers (e.g., efavirenz) are not anticipated to 
significantly alter nirmatrelvir/ritonavir concentrations as indi-
cated by DDI studies with HIV protease inhibitors showing that 
twice daily ritonavir boosting was able to mostly counteract an 
efavirenz inducing effect.15

FACTORS DETERMINING THE RISK OF HAVING A 
CLINICALLY RELEVANT DDI
A good understanding of the key factors that can increase the risk 
of having a clinically relevant DDI is critical to avoid an overesti-
mation of the DDI risk, which could lead to unnecessary denial 
of nirmatrelvir/ritonavir treatment. Some key factors to consider 
when evaluating the DDI risk include the following:

Contribution of CYP3A4 metabolism to a comedication
The contribution of CYP3A4 to the overall metabolism/elim-
ination of a comedication is critical to predict the magnitude 
of the DDI. Drugs predominantly metabolized by CYP3A4 
(CYP3A4-sensitive substrates) are expected to be profoundly 
impacted by ritonavir as the major metabolic pathway is inhib-
ited. Conversely, DDIs tend to be mitigated for a drug elimi-
nated by multiple CYPs or pathways as drugs can still be cleared 
through the unaffected pathways. For instance, ritonavir is pre-
dicted to increase simvastatin (metabolized 100% by CYP3A4) 
concentrations by 100-fold, thereby exposing an individual 
to the risk of a deleterious adverse event.16 Indeed, a patient 
treated with the strong CYP3A4 pharmacokinetic booster co-
bicistat developed a severe rhabdomyolysis-induced kidney fail-
ure 10 days after initiation of simvastatin.17 Given the high risk 
of harm, simvastatin is contraindicated with nirmatrelvir/ri-
tonavir. Thus, simvastatin has to be paused to enable treatment 
with nirmatrelvir/ritonavir. On the other hand, ritonavir mini-
mally increases the exposure of escitalopram, an antidepressant 
metabolized equally by CYP3A4, CYP2C19, and CYP2D6.18 
Additionally, the risk of QT interval prolongation with escit-
alopram is considered to be unlikely in the presence of nirma-
trelvir/ritonavir given the latter’s low propensity to prolong the 
QT interval.4

Therapeutic index of the comedication
The narrow therapeutic index of a drug is also a determinant of 
higher risk for a clinically relevant DDI. For instance, the elimi-
nation half-life and the plasma concentrations of the immunosup-
pressant drug tacrolimus were shown to be profoundly increased, 
reaching toxic levels only 3 days after initiating ritonavir in a 
patient on long-term tacrolimus treatment.19 Thus, the manage-
ment of the DDI between tacrolimus and nirmatrelvir/ritonavir 
would require a substantial reduction in tacrolimus dose and close 
therapeutic drug monitoring (TDM) during and after comple-
tion of nirmatrelvir/ritonavir treatment to take into account the 
mechanism-based inhibition of ritonavir.13,20

POTENTIAL DDIs BETWEEN NIRMATRELVIR/RITONAVIR 
AND COMEDICATIONS LIKELY TO BE USED IN COVID-19 
PATIENTS
For safe prescribing, it is essential that clinicians are aware of drugs 
that are contraindicated for use with nirmatrelvir/ritonavir but 
also recognize which drugs can be safely coadministered. Thus, we 
predicted potential DDIs between nirmatrelvir/ritonavir and 371 
comedications selected on the basis of either being prescribed at a 
high frequency in COVID-19 patients or carrying potentially sig-
nificant consequences for harm resulting from the DDI (Table 1) 
using a standardized approach as described below. In the follow-
ing sections, we will discuss DDIs of interest within therapeutic 
classes compiled in the table.

Approach to predict potential DDIs with nirmatrelvir/
ritonavir
The identification of the DDI risk was evaluated as described 
previously.21–22 Brief ly, data on the clinical pharmacology of 
nirmatrelvir/ritonavir and comedications were extracted from 
product labels and, where available, published studies on drug 
disposition. Since only three clinical DDI studies were con-
ducted for nirmatrelvir/ritonavir (with itraconazole, with dab-
igatran and with carbamazepine),3–4 clinical DDI studies or 
case reports involving HIV or hepatitis C virus (HCV) drugs 
boosted with ritonavir were also considered for the extrapola-
tion of the DDI magnitude/risk. The propensity for a DDI was 
based on the potential of ritonavir to modulate (inhibit or oc-
casionally induce) drug-metabolizing enzymes and transporters 
contributing to the absorption, metabolism, and elimination of 
the coadministered drug. If there was evidence that a DDI may 
occur, then the clinical relevance was evaluated by taking into 
account factors such as the magnitude of the pharmacokinetic 
change and the therapeutic index. When assessing the clinical 
relevance of a DDI, we also took into account (i) the potential of 
nirmatrelvir/ritonavir to prevent severe disease in COVID-19 
patients at risk; (ii) the short treatment course; (iii) the possi-
bility to monitor the drug effect or to adjust the dosage outside 
a clinical setting; and (iv) the option to safely pause the come-
dication during nirmatrelvir/ritonavir treatment. DDIs were 
classified into four levels: red f lags for contraindicated drug 
associations that may have deleterious consequences; amber for 
potential clinically relevant interactions manageable by close 
monitoring or dosage adjustment (note: for some amber DDIs, 
coadministration with nirmatrelvir/ritonavir may or may not 
be feasible depending on the clinical setting/clinical condition 
of the patient); yellow for interactions of weak intensity with no 
need for additional monitoring or dosage adjustment; and green 
for no risk of DDI. Detailed information on the management of 
DDIs can be found in the University of Liverpool COVID-19 
interactions resource (www.covid​19-drugi​ntera​ctions.org),23 
which provides freely accessible up-to-date information on 
DDIs with nirmatrelvir/ritonavir and other COVID-19 ther-
apies. Furthermore, readers are directed to our previous pub-
lication for strategies on how to manage potential DDIs.24 As 
a general rule, potentially interacting comedications should be 
paused temporarily if it is clinically appropriate to do so.
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Table 1  Potential drug–drug interactions (DDIs) between nirmatrelvir/ritonavir and comedications classified by therapeutic 
classes. DDIs are categorized as: red flag for drugs that should not be coadministered due to the risk of deleterious adverse 
outcomes; amber flag for potential clinical DDIs manageable by monitoring or dosage adjustment; yellow flag for DDIs of 
weak clinical relevance with no need for monitoring or dosage adjustment; and green flag for no DDI. Symbols are used 
to distinguish red flag DDIs which cannot be prevented by stopping a comedication. This is notably the case for drugs 
characterized by a very long elimination half-life or for strong inducers due to their prolonged induction upon discontinuation 
of the drug. Use of such medications would require an alternative COVID-19 treatment. A symbol is also used for amber DDIs 
that may require a complex/impractical monitoring that may not be feasible outside a clinical setting. If such comedications 
cannot be stopped or replaced, the risk–benefit of prescribing nirmatrelvir/ritonavir should be evaluated. Amber DDIs 
without a symbol are manageable by counseling patients about potential DDIs and advising them to temporarily pause the 
comedication if feeling unwell, thus enabling treatment with nirmatrelvir/ritonavir. The list of drugs is incomplete, detailed 
information and additional DDIs are available at https://www.covid19-druginteractions.org.23

Color/Symbol Recommendation for nirmatrelvir/ritonavir use 
! Do not coadminister Do not use nirmatrelvir/ritonavir  alternative COVID-19 therapy

Risk of serious toxicity. Stopping the drug does not mitigate the interaction due to its prolonged half-life.
Do not coadminister Do not use nirmatrelvir/ritonavir  alternative COVID-19 therapy

Strong inducer can compromise nirmatrelvir/ritonavir efficacy due  to persisting induction after stopping the drug. 
Do not coadminister nirmatrelvir/ritonavir use ONLY possible if drug is paused or replaced by a noninteracting drug

Risk of serious toxicity. Only start nirmatrelvir/ritonavir if the drug can be safely paused or replaced.  
Drug can be resumed at least 3 days (if possible up to 5 days for narrow therapeutic index drugs) after completing 
nirmatrelvir/ritonavir therapy.  

Potential interaction
Dose adjustment and/or close 
monitoring required 

Stop or replace drug if possible or consult specialist for dose adjustment/monitoring to allow use with nirmatrelvir/ritonavir 

Ideally, only start nirmatrelvir/ritonavir if the drug can be safely paused or replaced.  
Alternatively, dose adjust/monitor. Refer to www.covid19-druginteractions.org for detailed information. 

Potential interaction 
Manageable by counseling 
patient  

Proceed with nirmatrelvir/ritonavir
Interaction manageable by counseling the patient about potent ial interaction and advising to temporarily stop the drug 
if feeling unwell. 

Weak interaction
No action needed 

Proceed with nirmatrelvir/ritonavir
Drug metabolized partially by CYP3A4 or with low risk of adverse event/outcome from interaction. 

No interaction expected Proceed with nirmatrelvir/ritonavir

Analgesics – Calcium Channel Blockers 
Analgesics 

Aspirin 
Buprenorphine 
Celecoxib 
Codeine 
Dextropropoxyphene 
Diclofenac 
Fentanyl 
Hydromorphone 
Ibuprofen 
Mefenamic acid 
Morphine 
Naproxen 
Oxycodone 
Paracetamol 
Pethidine 
Tapentadol 
Tramadol 

Antiarrhythmics 
Amiodarone 
Bepridil 
Disopyramide 
Dofetilide 
Dronedarone 
Flecainide 
Lidocaine 
Propafenone 
Quinidine 

Anticoagulants/antiplatelets 
Apixaban  
Aspirin (antiplatelet) 
Clopidogrel (stented) (a) 
Dabigatran (b) 
Dalteparin 
Dipyridamole 
Edoxaban (c) 
Enoxaparin 
Heparin 

Phenprocoumon (d) 
Prasugrel
Rivaroxaban
Ticagrelor 
Tinzaparin
Warfarin (d)

Anticonvulsants
Brivaracetam
Carbamazepine
Clonazepam
Eslicarbazepine
Ethosuximide
Gabapentin
Lacosamide
Lamotrigine
Levetiracetam
Oxcarbazepine
Phenobarbital 
Phenytoin
Pregabalin
Primidone 
Retigabine
Rufinamide
Tiagabine
Topiramate
Valproate
Vigabatrin
Zonisamide

Antidepressants
Agomelatine
Amitriptyline
Bupropion 
Citalopram
Clomipramine
Desipramine 
Doxepin
Duloxetine
Escitalopram

Fluoxetine 
Imipramine
Lithium
Maprotiline 
Mianserin
Mirtazapine
Nortriptyline
Paroxetine
Reboxetine
Sertraline
St John’s Wort
Trazodone
Venlafaxine
Vortioxetine

Antidiabetics
Acarbose
Canagliflozin
Dapagliflozin 
Dulaglutide
Empagliflozin
Exenatide 
Glibenclamide
Gliclazide
Glimepiride
Glipizide
Insulin
Linagliptin
Liraglutide
Metformin
Pioglitazone
Rosiglitazone
Saxagliptin 
Sitagliptin
Tolbutamide
Vildagliptin 

Antipsychotics
Amisulpride
Aripiprazole

Asenapine 
Chlorpromazine
Clozapine
Fluphenazine 
Haloperidol
Iloperidone
Levomepromazine
Lumateperone
Lurasidone
Olanzapine
Paliperidone
Periciazine
Perphenazine
Pimozide
Pipotiazine
Quetiapine
Risperidone
Sulpiride 
Tiapride
Ziprasidone

Anxiolytics
Alprazolam
Bromazepam
Buspirone
Clobazam
Clorazepate
Diazepam
Estazolam
Flunitrazepam
Flurazepam
Lorazepam
Lormetazepam 
Midazolam
Oxazepam
Temazepam 
Triazolam
Zaleplon
Zolpidem

Zopiclone 
Beta-blockers

Atenolol
Bisoprolol 
Carvedilol
Metoprolol
Nebivolol
Propranolol
Timolol

Bronchodilators
Aclidinium bromide
Aminophylline
Formoterol
Glycopyrronium bromide
Indacaterol
Ipratropium bromide
Montelukast
Olodaterol 
Roflumilast
Salbutamol
Salmeterol 
Theophylline
Tiotropium bromide
Umeclidinium bromide
Vilanterol

Calcium channel blockers
Amlodipine
Diltiazem
Felodipine
Lercanidipine
Nicardipine
Nifedipine 
Nitrendipine
Verapamil

(Continued)
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DDIs of interest within selected therapeutic classes

Analgesics. Potentially clinically relevant DDIs with nirmatrelvir/
ritonavir can occur with opioid analgesics, notably those 
extensively metabolized by CYP3A4, like the widely used opioid 
oxycodone. The AUC of oxycodone (10 mg single dose) was shown 

to increase by threefold when coadministered with ritonavir (300 
twice daily) or lopinavir/ritonavir (400/100 mg twice daily),25 
which could lead to adverse events such as respiratory depression. 
Thus, a reduction in oxycodone dose and monitoring for signs 
of opioid toxicity are advised in case of coadministration with 
nirmatrelvir/ritonavir. Conversely, no dosage adjustment is a 

(a) Ritonavir reduces the conversion to clopidogrel’s active metabolite, leading to insufficient inhibition of platelet aggregation.35 Thus, it is recommended to 
avoid nirmatrelvir/ritonavir in patients at very high risk of thrombosis (e.g., early period post coronary stenting),37 unless clopidogrel can be switched to the 
noninteracting drug prasugrel. However, nirmatrelvir/ritonavir treatment is possible in other clinical situations for which a transient loss in clopidogrel efficacy is 
acceptable (e.g., alternative to aspirin in intolerant patients). (b) Reduce to 110 mg twice daily in individuals with normal renal function and to 75 mg twice daily 
in individuals with moderate renal impairment. (c) Reduce edoxaban to 30 mg. (d) Monitor international normalized ratio as clinically indicated. (e) Decision to 
hold or dose adjust the cancer drug should be made in conjunction with the patient’s oncologist. Consult www.covid​19-drugi​ntera​ctions.org23 for details related 
to dosage adjustment. (f) Accelerated or blast phase chronic myelogenous leukemia: do not coadminister; use alternative COVID-19 therapy. In the indication of 
chronic phase chronic myelogenous leukemia, the decision to hold or dose adjust the cancer drug should be made in conjunction with the patient’s oncologist. 
If it is decided to hold treatment, restart the cancer drug at least 3 days after completing nirmatrelvir/ritonavir. Alternatively dose adjust; consult www.covid​19-
drugi​ntera​ctions.org23 for details. (g) The decision to hold ibrutinib treatment should be made in conjunction with the patient’s oncologist. It may be dangerous 
to interrupt therapy in patients with high-volume chronic lymphocytic leukemia or mantle cell lymphoma due to disease flare and/or cytokine release. Consider 
an alternative COVID-19 therapy. (h) Strong CYP3A4 inhibitors can substantially increase midostaurin exposure. Consider an alternative COVID-19 treatment. 
(i) Coadministration with nirmatrelvir/ritonavir is contraindicated at initiation and during the dose-titration phase to minimize the risk of tumor lysis syndrome. 
Use an alternative COVID19 therapy. (j) The European product label for riociguat does not recommend its use in the presence of strong inhibitors; the US 
product label recommends to start riociguat at a dose of 0.5 mg three times daily and to monitor for signs and symptoms of hypotension. (k) The management 
of this interaction is challenging and would require dosage adjustment and therapeutic drug monitoring (TDM) of ciclosporin, which may not be possible given 
the short duration of nirmatrelvir/ritonavir treatment. An alternative COVID treatment should be considered. However, if TDM is available, an empiric dose 
reduction of ciclosporin has been suggested (reduce total daily dose by 80% and administer once daily) during treatment with nirmatrelvir/ritonavir (Days 1–5). 
Ciclosporin concentrations should be assessed on Day 6 or 7 and repeated every 2–4 days.20 (l) The management of this interaction is challenging and would 
require a substantial reduction in tacrolimus dosage. Considering the complex management of this interaction, an alternative COVID treatment will need to be 
considered. However, if TDM for tacrolimus is available, it has been suggested to withhold all tacrolimus doses during treatment with nirmatrelvir/ritonavir (Days 
1–5). It is advised to measure tacrolimus concentrations on Day 3 to assess the need for a one-time tacrolimus dose during nirmatrelvir/ritonavir treatment. 
Tacrolimus concentrations should be assessed on Day 6 or 7 (and every 2–4 days thereafter) and concentrations used to guide the continued withholding or 
gradual reintroduction of tacrolimus.20 (m) No dose reduction or monitoring in patients with normal renal function. (n) Rifabutin is dosed at 150 mg once daily 
with nirmatrelvir/ritonavir. COC, combined oral contraceptive; CYP, cytochrome P450; IM, intramuscular depot injection; IMP, implant; IUD, intrauterine device; 
POP, progestogen-only pill; VR, vaginal ring.

Table 1  (Continued)

Cancer drugs – Steroids 
Cancer drugs 

Abemaciclib (e) 
Abiraterone 
Acalabrutinib 
Afatinib  
Alectinib 
Apalutamide 
Atezolizumab 
Bosutinib 
Capecitabine 
Ceritinib (e) 
Dasatinib (f) 
Encorafenib (e) 
Enzalutamide 
Erlotinib (e) 
Fostamatinib 
Gilteritinib (e) 
Ibrutinib (g) 
Imatinib  
Ivosidenib 
Lenalidomide 
Midostaurin (h) 
Neratinib 
Nilotinib (f) 
Olaparib (e) 
Osimertinib 
Palbociclib (e) 
Pazopanib (e) 
Pomalidomide 
Ribociclib (e) 
Sotorasib 
Sunitinib (e) 
Tamoxifen 
Venetoclax (i) 
Vinblastine (e) 
Vincristine (e)  

Contraceptives 
Desogestrel (COC) 
Desogestrel (POP) 
Ethinylestradiol 
Etonogestrel (IMP) 
Etonogestrel (VR) 

Levonorgestrel (COC)
Levonorgestrel (IDU)
Levonorgestrel (POP)
Medroxyprogesterone 
(depot injection)
Norethisterone (COC)
Norethisterone (IM)
Norethisterone (POP)
Norgestrel (COC)

Gastrointestinal agents
Antacids
Cisapride
Aprepitant
Domperidone
Esomeprazole
Famotidine
Lansoprazole
Loperamide
Mesalazine
Metoclopramide
Omeprazole
Ondansetron
Pantoprazole
Rabeprazole
Ranitidine
Senna 

HCV antivirals
Elbasvir/grazoprevir
Glecaprevir/pibrentasvir
Ledipasvir/sofosbuvir
Sofosbuvir/velpatasvir
Sofosbuvir/velpatasvir/
voxilaprevir 

HIV antiretrovirals
Abacavir
Atazanavir/ritonavir
Bictegravir
Cabotegravir 
Cabotegravir/rilpivirine im
Darunavir/ritonavir
Dolutegravir
Doravirine

Efavirenz
Emtricitabine
Etravirine
Fostemsavir
Lamivudine
Nevirapine
Raltegravir
Rilpivirine
Tenofovir alafenamide
Tenofovir-DF

Aliskiren
Ambrisentan
Amiloride
Bosentan
Candesartan
Captopril
Cilazapril
Doxazosin
Enalapril
Eplerenone
Eprosartan
Fosinopril
Furosemide
Hydralazine
Hydrochlorothiazide
Iloprost
Indapamide
Irbesartan
Ivabradine
Labetalol
Lacidipine
Lisinopril
Losartan
Olmesartan
Perindopril
Prazosin
Quinapril
Ramipril
Ranolazine
Riociguat (j)
Sacubitril

Sildenafil (pulmonary HT)
Spironolactone
Tadalafil (pulmonary HT)
Telmisartan
Terazosin
Torsemide
Trandolapril
Valsartan

Immunosuppressants
Basiliximab
Belatacept
Ciclosporin (k)
Everolimus
Methotrexate
Mycophenolate
Sirolimus
Tacrolimus (l)

Lipid lowering agents
Atorvastatin
Clofibrate
Evolocumab
Ezetimibe
Fenofibrate
Fluvastatin
Gemfibrozil
Lovastatin
Pitavastatin
Pravastatin
Rosuvastatin
Simvastatin

Multiple sclerosis agents
Alemtuzumab
Baclofen
Cladribine
Dantrolene sodium
Dimethyl fumarate
Fampridine
Fingolimod
Glatiramer acetate
Natalizumab
Siponimod

Others

Adalimumab
Alendronic acid
Alfuzosin
Allopurinol
Azathioprine
Calcium supplement
Colchicine
Digoxin
Donepezil
Ergometrine (ergonovine)
Ergotamine
Finasteride
Hydroxychloroquine
Infliximab
Levodopa
Levothyroxine
Memantine
Methadone
Methotrexate
Mirabegron (m)
Modafinil
Pramipexole
Pyridostigmine
Rifabutin (n)
Rifampicin
Rifapentine
Tamsulosin
Voclosporin

Steroids
Beclomethasone
Betamethasone
Ciclesonide
Clobetasol
Fludrocortisone
Flunisolide
Fluticasone
Hydrocortisone
Methylprednisolone
Mometasone
Prednisolone
Prednisone
Triamcinolone
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priori needed for opioids undergoing UGT metabolism (e.g., 
morphine, hydromorphone) as the inducing effect of ritonavir on 
UGT does not reach maximal levels during the short nirmatrelvir/
ritonavir treatment course.

Antiarrhythmics. Antiarrhythmics are narrow therapeutic index 
drugs which are not recommended with nirmatrelvir/ritonavir 
as an increase in their exposure can expose patients to the risk 
of arrhythmias or other serious adverse reactions. It should be 
highlighted that the antiarrhythmic amiodarone has a very 
long elimination half-life (i.e., 55 days)26 so that the DDI with 
nirmatrelvir/ritonavir cannot be mitigated even if pausing 
the drug; in this case an alternative COVID-19 treatment is 
recommended.

Anticoagulants/antiplatelets. Anticoagulants include heparin/
low molecular weight heparin, vitamin K antagonists, and the 
direct-acting oral anticoagulants (DOACs). Heparins are not 
eliminated by CYPs and therefore can be coadministered with 
nirmatrelvir/ritonavir. Conversely, vitamin K antagonists are 
metabolized by multiple CYPs which can be inhibited or induced 
by ritonavir. For instance, warfarin is a mixture of enantiomers 
with its S-enantiomer (more potent) largely metabolized by 
CYP2C9 while its R-enantiomer is metabolized by CYP3A4 and 
CYP1A2.27 Ritonavir inhibits CYP3A4 but induces CYP2C9 
and CYP1A2.7 Although reduction in warfarin exposure has 
been reported with the chronic use of ritonavir,28–29 an increase 
in warfarin exposure is anticipated with the short nirmatrelvir/
ritonavir treatment course as the onset of inhibition is more rapid 
than induction. For the management of this DDI, monitoring 
of international normalized ratio is recommended as clinically 
indicated. Significant DDIs are expected with DOACs as they 
are substrates of CYP3A4 and/or P-gp.30 Ritonavir was shown 
to enhance rivaroxaban AUC by 153%,31 which may increase 
the risk of bleeding; thus coadministration with nirmatrelvir/
ritonavir is not recommended. The management of this DDI 
would require pausing rivaroxaban and using alternative options 
for the anticoagulation based on the indication (i.e., edoxaban 
30 mg once daily when used for atrial fibrillation; low molecular 
weight heparin for the prevention of thromboembolism in 
patients at high risk of clot).23 The usual rivaroxaban treatment 
should be resumed at least 3 days (if possible up to 5 days) after 
the last nirmatrelvir/ritonavir dose. The decision to pause 
rivaroxaban and use an alternative treatment should be made 
on a case-by-case basis, in consultation with a cardiologist/
hematologist.23 Similarly, the use of apixaban is not recommended 
with nirmatrelvir/ritonavir, although the US label gives the 
possibility to administer apixaban at a reduced dose (2.5 mg twice 
daily) when combined with strong inhibitors of CYP3A4 and 
P-gp.23 Of interest, no adverse outcomes were reported in HIV-
infected patients treated with a reduced dose of apixaban while 
on ritonavir-boosted regimens,32–33 thus supporting the option 
to use a reduced dose of apixaban during nirmatrelvir/ritonavir 
treatment and for at least 3 days (if possible up to 5 days) after the 
last nirmatrelvir/ritonavir dose. Finally, the interaction between 
nirmatrelvir/ritonavir (300/100 mg twice daily for 5 days) and 

dabigatran was shown to increase dabigatran AUC by twofold.4 
In the case of coadministration, it is recommended to reduce 
dabigatran to 110 mg twice daily in individuals with normal 
renal function and to 75 mg twice daily in individuals with 
moderate renal impairment.23 These dosing recommendations 
are based on the interaction between dabigatran and darunavir/
cobicistat as this is of a similar magnitude to ritonavir given for a 
short duration (i.e., only an inhibitory effect on P-gp with short 
duration ritonavir administration vs. a mixed inhibitory/inducing 
effect on P-gp with long-term ritonavir use).34

Another DDI of interest is with the antiplaletet agent clopidogrel, 
a prodrug which is converted to its active metabolite by CYP3A4, 
CYP2B6, CYP2C19, and CYP1A2.35 Coadministration with ri-
tonavir may reduce the conversion to the active metabolite, leading 
to insufficient inhibition of platelet aggregation, whereas prasu-
grel’s effect has been shown to be unaltered by ritonavir.35 There 
is a report of a patient on ritonavir-boosted HIV therapy who 
presented stent thrombosis episodes while concurrently treated 
with dual antiplatelet therapy comprising aspirin and clopidogrel. 
Replacement of clopidogrel by prasugrel prevented novel stent 
thrombosis episodes.36 Thus, it is recommended to avoid nirma-
trelvir/ritonavir in patients prescribed clopidogrel at very high risk 
of thrombosis (e.g., early period post coronary stenting)37 and to 
substitute prasugrel if possible during nirmatrelvir/ritonavir treat-
ment and for at least 3 days (up to 5 days) after nirmatrelvir/ritona-
vir treatment. It is also important to emphasize that nirmatrelvir/
ritonavir treatment could be considered in other clinical situations 
for which a transient loss in clopidogrel efficacy is acceptable (i.e., 
clopidogrel used as an alternative to aspirin in intolerant patients 
or when used outside the critical period post coronary stenting as-
sociated with a higher risk of coronary artery stent thrombosis).

Anticonvulsants. Some anticonvulsants have inducing properties 
on drug metabolizing enzymes. Since induction persists upon 
discontinuation of an inducer, DDIs cannot be prevented; 
therefore an alternative COVID-19 treatment has to be used in 
patients receiving anticonvulsants with strong inducing properties 
such as carbamazepine, phenobarbital, phenytoin, or primidone. 
However, twice daily ritonavir is able to counteract moderate or 
weak induction, allowing nirmatrelvir/ritonavir treatment with 
eslicarbazepine, oxcarbazepine, or rufinamide.23

Antidepressants. Antidepressants are generally metabolized by 
multiple CYPs, including CYP2D6, which is weakly inhibited by 
ritonavir,6 leading to DDIs of modest magnitude.38 Nirmatrelvir/
ritonavir can be used with most antidepressants with no need 
for dosage adjustment except for antidepressants primarily 
metabolized by CYP3A4 (e.g., trazodone) for which a dose 
adjustment may be needed.23 Finally, the herbal St John’s Wort is 
contraindicated with nirmatrelvir/ritonavir due to its significant 
inducing properties, particularly if the daily dose of hyperforin 
(constituent responsible for CYP and P-gp induction) exceeds 
1 mg.39

Antidiabetics. Most antidiabetics can be used with nirmatrelvir/
ritonavir as they are either eliminated renally (e.g., metformin) 
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or undergo main metabolism via UGT (e.g., canagliflozin) or 
CYP2C9 (e.g., gliclazide), which are not fully induced during 
the short treatment course of nirmatrelvir/ritonavir. On the 
other hand, saxagliptin is primarily metabolized by CYP3A4 
and its AUC was shown to be increased by 145% following 
the coadministration with the strong CYP3A4 inhibitor 
ketoconazole, which could increase the risk of hypoglycemia.40 
Therefore, it is recommended that saxagliptin dose does not 
exceed 2.5 mg with nirmatrelvir/ritonavir.

Antipsychotics. The dosage of antipsychotics is generally titrated 
based on the clinical response. The management of DDIs with 
nirmatrelvir/ritonavir can be challenging for antipsychotics 
metabolized by CYP3A4 (e.g., quetiapine, for which ritonavir 
is expected to increase AUC by eightfold and consequently the 
related risk of QT interval prolongation).16 Their dosage would 
have to be reduced and increased again within a short period of 
time which could potentially destabilize the patient. The decision 
to modify the dosage or to pause the antipsychotic should be done 
in consultation with a specialist in mental health medicine with 
a careful evaluation of the benefit–risk of nirmatrelvir/ritonavir 
treatment.

Anxiolytics. Anxiolytics highly dependent on CYP3A4 
metabolism (e.g., midazolam) and with a long elimination half-life 
(e.g., diazepam) are contraindicated with nirmatrelvir/ritonavir 
due to the risk of extreme sedation and respiratory depression.3–4 
It is recommended to pause the anxiolytic during and for at 
least 3 days (if possible up to 5 days) after nirmatrelvir/ritonavir 
treatment completion to account for the CYP3A4 mechanism-
based inhibition by ritonavir.

Antihypertensives. Hypertension can be treated with calcium 
channel inhibitors (e.g., amlodipine), angiotensin-converting 
enzyme (ACE) inhibitors (i.e., enalapril), beta-blockers (e.g., 
metoprolol), angiotensin receptor blockers (e.g., olmesartan), 
or diuretics (e.g., furosemide). Nirmatrelvir/ritonavir does not 
significantly interact with agents of these therapeutic classes 
with the exception of calcium channel inhibitors as they are 
mainly metabolized by CYP3A4. For example, amlodipine 
AUC is increased by twofold in the presence of ritonavir, 
leading to the recommendation to reduce amlodipine dose 
by 50%.41 However, given the short time treatment course 
of nirmatrelvir/ritonavir, dose adjustment can be optional 
in the case of amlodipine and most other calcium channel 
inhibitors as patients can be advised to temporarily pause the 
antihypertensive drug if feeling unwell.23

Bronchodilators. Bronchodilators can be coadministered with 
nirmatrelvir/ritonavir with the exception of the CYP3A4 
substrate salmeterol, which is not recommended as increased 
concentrations expose patients to the risk of serious and/or life-
threatening cardiovascular adverse events.3–4

Cancer drugs. Several cancer drugs, notably the kinase inhibitors, 
which play an increasingly prominent role in the treatment of 

cancer, undergo CYP3A4 metabolism and/or are substrates of drug 
transporters.42 Given their narrow therapeutic index, significant 
DDIs are expected with the concurrent use of nirmatrelvir/
ritonavir, which may lead to important toxicities for some cancer 
drugs, thereby requiring an evaluation of the risk–benefit of 
prescribing nirmatrelvir/ritonavir. It should be mentioned that 
it is common practice to hold temporarily some tyrosine kinase 
inhibitors, cyclin-dependent kinase inhibitors, and poly (ADP-
ribose) polymerase inhibitors during acute infections such as 
COVID-19.43 The decision to hold or dose adjust the cancer drug 
should be made in conjunction with the patient’s oncologist. It may 
be safe to temporarily hold cancer drugs in patients who achieved 
disease control; however it could be potentially dangerous to pause 
treatment, for instance, in patients with high-volume chronic 
lymphocytic leukemia or mantle cell lymphoma due to the risk or 
disease flare and/or cytokine release.44 In such situations, as well as 
in patients receiving cancer drugs with strong inducing properties 
(e.g., apalutamide, enzalutamide), an alternative COVID-19 
therapy should be considered.

Contraceptives. Nirmatrelvir/ritonavir is unlikely to alter 
the effectiveness of contraceptives, including combined oral 
contraceptives.45 Exposure of ethinylestradiol is not expected 
to be significantly reduced via UGT induction given the short 
treatment course of nirmatrelvir/ritonavir. In addition, the 
progestin component (responsible for the contraceptive efficacy) 
is generally increased by ritonavir due to inhibition of CYP3A4.46

Gastrointestinal agents. Within this therapeutic class, potentially 
clinically significant DDIs can occur with the gastroprokinetic 
agents cisapride or domperidone, as inhibition of CYP3A4 by 
nirmatrelvir/ritonavir is expected to increase their exposures, 
which may result in serious and/or life threatening reactions, 
including cardiac arrhythmias.3–4 It is recommended to hold 
these drugs during and for at least 3 days (if possible up to 5 days) 
after completing nirmatrelvir/ritonavir treatment.

HCV antivirals. Several first-line HCV antivirals (i.e., elbasvir, 
glecaprevir, grazoprevir, velpatasvir, and voxilaprevir) are 
metabolized by CYP3A4 and are substrates of drug transporters 
inhibited by ritonavir (i.e., P-gp and/or BCRP and/or OATP1B1) 
and therefore can be substantially impacted by nirmatrelvir/
ritonavir.47 For instance, the coadministration of the HIV drug 
darunavir/ritonavir increased grazoprevir AUC by 7.5 fold48 and 
glecaprevir AUC by 4.8 fold,49 which may lead to elevation of 
alanine aminotransferase. Coadministration with nirmatrelvir/
ritonavir is not recommended and consideration must be given to 
holding elbasvir/grazoprevir and glecaprevir/pibrentasvir during 
and for at least for 3 days after the completion of nirmatrelvir/
ritonavir treatment. However, the risk–benefit of prescribing 
nirmatrelvir/ritonavir should be carefully evaluated in patients with 
suboptimal adherence to their HCV therapy as further treatment 
interruption could potentially result in HCV treatment failure.

HIV antiretrovirals. Nirmatrelvir/ritonavir can be coadministered 
with all HIV drugs with no dose adjustment. Patients on 
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ritonavir or cobicistat containing HIV regimens can continue 
their treatment as the additional ritonavir in Paxlovid for 5 days 
is unlikely to be problematic in terms of intolerance and it is 
probably simplest to continue the patient’s current regimen.23

Immunosuppressants. Based on DDIs studies with the strong 
inhibitor ketoconazole or ritonavir-boosted HIV protease 
inhibitors, nirmatrelvir/ritonavir is expected to profoundly 
increase the exposure of the CYP3A4 and P-gp substrates 
everolimus,50 sirolimus,51 ciclosporin,52 and tacrolimus.19 The 
management of these interactions are challenging and would 
require holding or substantially reducing the immunosuppressant 
dose with close TDM. However, TDM may not be feasible during 
the short nirmatrelvir/ritonavir treatment course and therefore 
an alternative COVID-19 treatment should be considered. If 
TDM is available, early experience in four SARS-CoV-2–infected 
kidney transplant recipients on tacrolimus supports holding the 
immunosuppressant on the day of nirmatrelvir/ritonavir initiation 
and to monitor closely drug levels to guide the reintroduction of 
tacrolimus.13,53

Lipid-lowering agents. Potential clinically relevant DDIs between 
nirmatrelvir/ritonavir and drugs for dyslipidemia occur with 
statins. There are differences in the magnitude of DDIs depending 
on the involvement of CYP3A4 in the metabolism. Simvastatin 
and lovastatin are sensitive CYP3A4 substrates resulting in 
profound DDIs,16 leading to use with nirmatrelvir/ritonavir 
being contraindicated due to the risk of rhabdomyolysis. The US 
prescribing information recommends to discontinue simvastatin 
or lovastatin at least 12 hours prior to initiation of nirmatrelvir/
ritonavir.4 These statins should be held for at least 3 days 
but preferably 5 days after completing nirmatrelvir/ritonavir 
treatment. It should be mentioned that even though other 
statins are less impacted by ritonavir, the pragmatic approach of 
temporarily pausing any statins during nirmatrelvir/ritonavir is 
acceptable as it will not negatively affect their therapeutic effect 
but can minimize the risk for adverse events related to a DDI.

Multiple sclerosis agents. Nirmatrelvir/ritonavir can be 
coadministered with most treatments for multiple sclerosis. It 
should be noted that the exposure of cladribine can be increased 
due to BCRP inhibition by ritonavir.54 However, since cladribine 
is administered as two annual courses, each including 2 weeks’ 
treatment given 1 month apart,54 cladribine can be mostly delayed 
to allow nirmatrelvir/ritonavir treatment.

Steroids. Most corticosteroids are substrates of CYP3A4; therefore 
their exposure is expected to be increased by nirmatrelvir/ritonavir. 
However, the risk of a Cushing’s syndrome is considered to be 
low due to the short course of nirmatrelvir/ritonavir. A review of 
individuals developing a Cushing’s syndrome indicates that this 
adverse effect mostly occurs after several weeks of concurrent 
administration of corticosteroids with ritonavir-containing HIV 
regimens.55 Monitoring for signs of systemic corticosteroid side 
effects is nevertheless recommended with triamcinolone due to its 
long half-life and related higher risk of adverse effects.

Others. No significant DDIs are expected between nirmatrelvir/
ritonavir and various treatments for rheumatoid arthritis 
(e.g., nonsteroidal and anti-inflammatory drugs, steroids, 
hydroxychloroquine, methotrexate, or monoclonal antibodies).

SUMMARY
Nirmatrelvir/ritonavir, even given as a short treatment course, can 
cause significant DDIs, particularly for drugs that are predomi-
nantly metabolized by CYP3A4 and/or have a narrow therapeutic 
index or are substrates of P-gp. DDI recommendations for nirma-
trelvir/ritonavir are challenging as they need to balance the benefit 
of nirmatrelvir/ritonavir to prevent severe disease against the risk 
of having a potentially clinically relevant DDI, keeping in mind 
that the risk can be further increased for some drugs due to lim-
ited monitoring options outside the clinical setting. Another diffi-
culty is that much advice is based on predicted DDIs as opposed to 
evidence generated by DDI studies, resulting in judgments based 
on “expert opinion.” However, even if the DDI magnitude can be 
extrapolated from previous studies with ritonavir-boosted HIV 
drugs, there is nevertheless a lack of clinical experience with a short 
ritonavir treatment course, making the clinical relevance of certain 
DDIs with nirmatrelvir/ritonavir unclear. Thus, there will be often 
a need to balance the risk of “theoretical” DDIs against the ben-
efit of nirmatrelvir/ritonavir. This may lead to differences in the 
evaluation of the risk–benefit of nirmatrelvir/ritonavir treatment 
among experts, particularly in patients with critical conditions 
(i.e., cancer or solid organ transplant recipients) for which pausing 
a drug or suboptimal therapy could have serious consequences. For 
example, due to the complex management of the tacrolimus – nir-
matrelvir/ritonavir DDI, expert HIV pharmacists/pharmacolo-
gists recommend an alternative COVID-19 treatment,23 whereas 
organ transplant specialists would rather opt for nirmatrelvir/ri-
tonavir treatment with management of the DDI by withholding 
tacrolimus and adjusting dosage with frequent TDM.20

Even though some DDIs are complex, it should be emphasized 
that a potential risk of DDIs should not necessarily preclude nir-
matrelvir/ritonavir use since many DDIs are manageable. Safe 
management of DDIs can only be carried out when prescribers are 
aware of their presence, underlining the importance of a full medi-
cines reconciliation. Importantly, potentially serious DDIs can also 
occur with nonprescription drugs, including herbals (e.g., St John’s 
Wort) or illicit substances (notably opioids); therefore the estab-
lishment of the list with all current drugs should also include these 
substances. If a potentially significant DDI is identified, the risk–
benefit of prescribing nirmatrelvir/ritonavir should be evaluated, 
taking into account the potential severity of the DDI, strategies 
for the management of the DDI, and their applicability outside a 
clinical setting. Screening of DDIs using specialized resources, or 
prescription review by pharmacists/pharmacologists is advised to 
ensure safe prescribing. Extra caution is advised when reviewing 
prescriptions of individuals with significant polypharmacy or with 
renal/hepatic impairment.
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