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SCIENCE BRIEFS

Key Message
Nirmatrelvir and ritonavir are two co-administered antiviral medications, marketed 
under the name Paxlovid in Canada, for the treatment of SARS-CoV-2 infection. 
Nirmatrelvir is an inhibitor of SARS-CoV-2 3CL-like protease that prevents polyprotein 
cleavage of proteins necessary for SARS-CoV-2 genome replication. Nirmatrelvir has 
been studied in combination with ritonavir, a medication that has no known activity 
against SARS-CoV-2 but slows the metabolism of nirmatrelvir by inhibiting hepatic 
enzymes, thus “boosting” concentrations of nirmatrelvir. 

Nirmatrelvir/ritonavir is currently approved in Canada for the treatment of mild 
COVID-19 (termed “mild to moderate” with Health Canada’s terminology) in those 
who are at high risk for progression to severe or critical COVID-19 illness. It is not 
approved for the treatment of patients requiring hospitalization due to COVID-19, nor 
for pre- or post-exposure prophylaxis for the prevention of SARS-CoV-2 infection. As 
of the date of publication of this Science Brief, there is one peer-reviewed publication 
comparing nirmatrelvir/ritonavir against placebo.

Nirmatrelvir/ritonavir reduces the incidence of hospitalization and/or death in 
patients with mild COVID-19 with risk factors for progression to moderate or critical 
illness, with fewer treatment-emergent serious adverse events relative to placebo. 

The panel noted a marginal benefit in individuals at low risk of hospitalization, and the 
high certainty of harm with nirmatrelvir/ritonavir if known drug-drug interactions are 
not mitigated.

Critically Ill Patients (On High-Flow Oxygen, Mechanical Ventilation, or Extracorporeal 
Membrane Oxygenation (ECMO))

Nirmatrelvir/ritonavir is not recommended for critically ill patients with COVID-19.

Moderately Ill Patients (On Low-Flow Oxygen)

Nirmatrelvir/ritonavir is not recommended for moderately ill patients with COVID-19.

Mildly Ill Patients (Not Requiring Supplemental Oxygen)

Nirmatrelvir/ritonavir is recommended at a dose of 300 mg nirmatrelvir (two 150 mg 
tablets) with 100 mg ritonavir (one 100 mg tablet), with all three tablets taken together 
orally twice daily for five days. Patients must be at higher risk of severe disease from 
COVID-19 and present within five days of symptom onset.

Risk factors for progression to moderate or critical COVID-19 are outlined in “Methods 
used for this Science Brief” below, and include immunocompromised individuals, and 
individuals whose combination of age, vaccination history, and risk factors put them 
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at increased risk of progression to severe disease. 

Other treatment options that may be available to these higher risk patients include 
sotrovimab, remdesivir, fluvoxamine, and budesonide. Clinicians should consider 
patient-specific factors including (but not limited to) drug-drug interactions, renal 
function, duration of COVID-19 symptoms, ability to administer intravenous versus 
oral drugs, strength of evidence, situational context, and drug supply in decision-
making regarding choice of therapy (see Therapeutic Management of Adult Patients 
with COVID-19 summary for additional details). 

If eligible patients with mild COVID-19 who began treatment with nirmatrelvir/
ritonavir progress to moderate COVID-19 during their treatment course, they may 
complete their treatment course at the discretion of the treating physician. 

Implementation Considerations

It is recommended that oral antiviral therapy be administered to non-hospitalized 
individuals across Ontario using a hybrid network that includes, but is not limited 
to, mobile integrated healthcare services, community paramedicine, virtual/remote 
assessment, and outpatient clinics. 

Special Populations

Pharmacist consultation is important to mitigate any significant drug-drug interactions 
(including natural products). Nirmatrelvir/ritonavir is contraindicated in patients taking 
certain medications that have the potential for serious or life-threatening reactions 
at high concentrations and are highly dependent on CYP3A4-mediated metabolism; 
and in patients taking certain medications that are CYP3A-inducing, as these may 
significantly decrease concentrations of nirmatrelvir/ritonavir, decreasing its efficacy 
as a COVID-19 treatment (see Tables 1-4 in the “Considerations” section below, and 
the guidance document “Nirmatrelvir/ritonavir (Paxlovid): What prescribers and 
pharmacists need to know”). For complex interactions, consultation with a pharmacist 
experienced in managing ritonavir-related interactions may be helpful.

In patients with moderate renal impairment (eGFR ≥30 to <60 mL/min), the dose 
should be reduced to 150 mg nirmatrelvir (one 150 mg tablet) and 100 mg ritonavir 
(one 100 mg tablet) taken together twice daily for 5 days. Nirmatrelvir/ritonavir is not 
recommended in patients with severe renal impairment (eGFR <30 mL/min) or who 
require dialysis. 

Nirmatrelvir/ritonavir may be considered for the treatment of pregnant patients with 
mild COVID-19 who otherwise meet the criteria outlined for mildly ill patients. There 
is a lack of data on nirmatrelvir/ritonavir use in pregnant patients; however, there 
is extensive experience with ritonavir use in pregnant patients living with HIV. If a 
pregnant patient fits the risk profile to potentially derive benefit from nirmatrelvir/
ritonavir, the risks and benefits of initiating treatment should be discussed with 
the patient. Care of pregnant patients with COVID-19 should be managed by a 
multidisciplinary team with suitable expertise in the management of pregnancy.

Nirmatrelvir/ritonavir may be considered for lactating patients with mild COVID-19 
who otherwise meet the criteria outlined for mildly ill patients. There is a lack of data 
on nirmatrelvir/ritonavir use in lactating patients; however, based on studies in HIV, 
for which ritonavir is also used, it is known that ritonavir may be present in breast milk. 
If a lactating patient fits the risk profile to potentially derive benefit from nirmatrelvir/
ritonavir, the risks and benefits of initiating treatment should be discussed with the 
patient. We recommend advising the patient not to breastfeed for the duration of 
treatment and four days afterwards, during which time breast milk should be pumped 
and discarded.

http://www.covid19-sciencetable.ca/science-briefs
https://creativecommons.org/licenses/by/4.0/
https://covid19-sciencetable.ca/sciencebrief/nirmatrelvir-ritonavir-paxlovid-what-prescribers-and-pharmacists-need-to-know-2-0
https://covid19-sciencetable.ca/sciencebrief/nirmatrelvir-ritonavir-paxlovid-what-prescribers-and-pharmacists-need-to-know-2-0
https://covid19-sciencetable.ca/glossary/#efficacy
https://covid19-sciencetable.ca/sciencebrief/nirmatrelvir-ritonavir-paxlovid-what-prescribers-and-pharmacists-need-to-know-2-0
https://covid19-sciencetable.ca/sciencebrief/nirmatrelvir-ritonavir-paxlovid-what-prescribers-and-pharmacists-need-to-know-2-0


Science Briefs | www.covid19-sciencetable.ca/science-briefs February 23, 2022 | 3

Ontario COVID-19 Science Advisory Table Evidence-Based Recommendations on the Use of Nirmatrelvir/Ritonavir (Paxlovid) for Adults in Ontario

HEX #002A5C

HEX #FF6400

HEX #FEBE10

HEX #614B79

HEX #3A52A4

HEX #C5CDE6

HEX #FFCAA9

HEX #FFF2CC

HEX #D9D0E2

HEX #D6E3F6

Dont forget:
Register DOI & check it’s working - Format tables -  Edit header & footer in master - Add hyperlinks - Sidebar - Format reference list & 

superscripts Fonts are correct - High resolution images - No text is missing - Send out email to Science Table, Working Goups & Authors

Lay Summary
When the virus that causes COVID-19, SARS-CoV-2, infects you, it enters the cells 
in your throat and lungs. Once inside your cells, the virus makes copies of itself, 
releasing more viruses which can then infect more cells. It does this by making 
copies of its genetic code which it uses to assemble new virus. Nirmatrelvir/ritonavir 
(NEER-mah-TREL-veer/ree-TOW-nah-VEER), are two drugs marketed as Paxlovid 
that, when taken together, stop this process.

Nirmatrelvir/ritonavir is licensed by Health Canada to treat adult (>18 years of age) 
patients with COVID-19 who are well enough to be cared for at home but have a higher 
chance of becoming very sick from COVID-19 and needing to be cared for in hospital. 

How Paxlovid (Nirmatrelvir/Ritonavir) Works

Paxlovid is the trade name of nirmatrelvir and ritonavir which are two drugs taken 
by mouth that come packaged together in a blister pack. Nirmatrelvir works by 
interfering with processing proteins that SARS-CoV-2 needs to be able to make more 
copies of itself. Ritonavir does not have any effect on SARS-CoV-2 but increases how 
long nirmatrelvir can work in your body by slowing how the liver breaks it down. 
Without ritonavir, it would be difficult for your body to have enough nirmatrelvir in 
it to be able to stop the virus from making copies of itself.
How We Came to Our Recommendations

One peer-reviewed study has been published on nirmatrelvir/ritonavir. Patients 
were given either nirmatrelvir and ritonavir (two nirmatrelvir pills and one ritonavir 
pill taken at the same time) or a placebo twice a day for five days along with usual 
care. A placebo is a pill that looks the same as nirmatrelvir and ritonavir, but contains 
no active ingredients. Neither the doctors nor patients knew whether the patients 
with COVID-19 received nirmatrelvir/ritonavir or placebo. The trial showed that in 
patients with COVID-19 who were well enough to be cared for at home, nirmatrelvir/
ritonavir decreases the chance of hospitalization (in the study, hospitalization was 
defined as patients staying in the hospital, emergency department, or acute medical 
care unit of a nursing home for more than 24 hours).1 The data only looked at 
patients with a higher chance of becoming very sick from COVID-19. The patients in 
the study were rather young – the average age was 46 and roughly one out of every 
five participants were over age 60. Only unvaccinated patients without a previous 
SARS-CoV-2 infection could take part in the study, so they had no immunity to SARS-
CoV-2. There were no concerns that patients receiving nirmatrelvir/ritonavir had 
more side effects than the ones receiving placebo. In another unpublished study in 
people at relatively standard risk of hospitalization (including being vaccinated but 
having at least one risk factor), nirmatrelvir/ritonavir did not help patients feel better 
faster. It is important to know whether oral medications that block SARS-CoV-2 from 
making more copies of itself work against the variants currently making people sick 
from COVID-19 in Ontario: in a preprint study that has been posted but not yet peer-
reviewed, nirmatrelvir/ritonavir was shown to work against the Omicron variant, 
which is currently the most common variant in Ontario.2

Our Recommendations

We do not recommend nirmatrelvir/ritonavir for patients with COVID-19 who are 
already sick enough to need extra oxygen. These patients are usually cared for in 
hospital, and might benefit more from other treatments.

We recommend nirmatrelvir/ritonavir for patients with COVID-19 that have a higher 
chance of becoming moderately or severely ill but are still well enough to not need 
extra oxygen. Patients with a higher chance of becoming moderately or severely ill
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from COVID-19 include those who are elderly, are Indigenous, have immune system 
dysfunction or are on immune system-weakening drugs, or have other medical 
concerns including cancer, heart disease, lung disease, kidney disease, diabetes, or 
obesity. Patients who have less than 3 doses of COVID-19 vaccination also have a 
higher chance of becoming moderately or severely ill.3 Two nirmatrelvir pills and 
one ritonavir pill are taken morning and evening at the same time twice a day for 
five days, and can be taken with or without food. 

We recommend that before a patient starts taking nirmatrelvir/ritonavir, they talk 
to a pharmacist experienced with managing medication interactions to make sure 
they are not on any medications, natural products, or supplements that can cause 
problems when you take nirmatrelvir/ritonavir. Because ritonavir works by stopping 
your liver from breaking down nirmatrelvir, it can also stop other drugs from being 
broken down by your liver. With some medications, this can lead to side effects that 
can be serious or cause death. 

We do not recommend nirmatrelvir/ritonavir for patients with severe kidney or liver 
disease.

We recommend nirmatrelvir/ritonavir for patients with COVID-19 who have mild 
to moderate kidney disease and have a higher chance of becoming very sick but do 
not need extra oxygen. These patients should take a smaller dose: one nirmatrelvir 
pill and one ritonavir pill taken at the same time twice a day for five days, with or 
without food. 

We recommend nirmatrelvir/ritonavir for patients with COVID-19 who have mild 
to moderate liver disease and have a higher chance of becoming very sick but do 
not need extra oxygen. These patients can take the normal dose: two nirmatrelvir 
pills and one ritonavir pill taken at the same time twice a day for five days, with or 
without food. 

Patients living with HIV who are already taking ritonavir or cobicistat (another 
medication that works by slowing down how the liver breaks down other drugs) as 
part of their treatment should keep taking their regular doses of HIV medications 
without stopping or changing them while on nirmatrelvir/ritonavir. If a patient 
living with HIV is not on antiretroviral medication, we do not recommend taking 
nirmatrelvir/ritonavir because it might cause their HIV to become resistant to some 
antiretroviral medications. 

Patients who are pregnant, are well enough to not need extra oxygen, and who have 
a higher chance of getting very sick from COVID-19 can consider taking nirmatrelvir/
ritonavir after talking about the risks and benefits with their doctor, and have 
reviewed any medications they are on with a pharmacist who is experienced in 
dealing with medication interactions. 
Patients with COVID-19 who are breastfeeding, are well enough to not need extra 
oxygen, and who have a higher chance of getting very sick from COVID-19 can 
consider taking nirmatrelvir/ritonavir after talking about the risks and benefits with 
their doctor, and have reviewed any medications they are on with a pharmacist who 
is experienced in dealing with medication interactions. If a breastfeeding patient 
starts nirmatrelvir/ritonavir treatment, they should not breastfeed for nine days 
(five days while taking nirmatrelvir/ritonavir, and four days afterwards). During 
those nine days, breastfeeding patients should pump and dispose of any expressed 
breast milk. 
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Summary
Background 

Nirmatrelvir/ritonavir (NEER-mah-TREL-veer/ree-TOW-nah-VEER), marketed as 
Paxlovid, is a combination oral therapy for the treatment of SARS-CoV-2 infection. 
Nirmatrelvir inhibits proteolysis by binding the 3CL protease, ultimately leading to 
the cessation of viral replication. Ritonavir, which is co-administered with nirmatrelvir, 
is not active against SARS-CoV-2 and acts as a “booster agent” by inhibiting CYP3A4, 
thereby maximizing the nirmatrelvir concentration in plasma. 

Questions

Does nirmatrelvir/ritonavir improve patient outcomes including mortality, need for 
mechanical ventilator or organ support, hospitalization, and resolution of symptoms 
for individuals with COVID-19 who do not require supplemental oxygen therapy?

What is the serious adverse event profile of nirmatrelvir/ritonavir?

How should nirmatrelvir/ritonavir be used during the current Omicron wave?

Findings 

Two large, multinational randomized, placebo-controlled trials were identified one 
in a population at high risk of poor outcomes, and one in a standard risk population. 

In the peer-reviewed trial, EPIC-HR, study subjects (managed in the community but 
considered high risk for progression to severe disease with COVID-19) in whom we 
based our analysis received their first dose after randomization within five days 
of symptom onset and did not receive monoclonal antibodies for COVID-19. Of 
these patients, those who received nirmatrelvir/ritonavir (n=1,039) had reduced 
hospitalizations, mortality, and the composite outcome of hospitalizations or death, 
compared to those who received placebo (n=1,046). For the composite outcome of 
hospitalization or death, the risk ratio (RR) of 0.12 (95% confidence interval (CI) 0.06 – 
0.25) corresponds to a 5.5% absolute risk reduction, meaning one additional outcome 
is prevented for approximately every 18 patients treated. Young age and lack of details 
on concomitant medication use limit study generalizability. The impact of nirmatrelvir/
ritonavir on the use of invasive mechanical ventilation (IMV) was not described. 

Patients who received nirmatrelvir/ritonavir had fewer serious adverse events, and 
adverse events overall than those who received placebo – though the low proportion 
of enrolled patients ≥60 years of age may bias these conclusions. There are many 
known drug-drug interactions, particularly with ritonavir, and the inclusion criteria of 
the study may not be reflective of those who may derive the most benefit from this 
medication in Ontario due to the complexities of prescribing this medication.

In the unpublished, non-peer-reviewed EPIC-SR study, unvaccinated study subjects 
considered standard risk for severe disease progression with COVID-19, received their 
first dose within five days of symptom onset, and were not treated with monoclonal 
antibodies for COVID-19. Vaccinated people with 1 additional risk factor were also 
eligible for study entry. Results from this ongoing study are unavailable, but a press 
release reported that there was no appreciable difference between nirmatrelvir/
ritonavir and placebo: with 662 subjects enrolled for interim analysis, 2/333 (0.6%) 
receiving nirmatrelvir/ritonavir and 8/329 (2.4%) receiving placebo were hospitalized. 

Recommendations

Critically Ill Patients (On High-Flow Oxygen, Mechanical Ventilation, or Extracorporeal 
Membrane Oxygenation (ECMO))

Nirmatrelvir/ritonavir is not recommended for critically ill patients with COVID-19.
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Moderately Ill Patients (On Low-Flow Oxygen)

Nirmatrelvir/ritonavir is not recommended for moderately ill patients with COVID-19.

Mildly Ill Patients (Not Requiring Supplemental Oxygen)

Nirmatrelvir/ritonavir is recommended at a dose of 300 mg nirmatrelvir (two 150 mg 
tablets) with 100 mg ritonavir (one 100 mg tablet), with all three tablets taken together 
orally twice daily for 5 days. Patients must be at a higher risk of severe disease from 
COVID-19 and present within 5 days of symptom onset.

Risk factors for progression to moderate or critical COVID-19 are outlined in in 
“Methods used for this Science Brief” below, and include immunocompromised 
individuals, and individuals whose combination of age, vaccination history, and risk 
factors put them at increased risk of progression to severe disease. 

Other treatment options that may be available to these higher risk patients include 
sotrovimab, remdesivir, fluvoxamine, and budesonide. Clinicians should consider 
patient-specific factors including (but not limited to) drug-drug interactions, renal 
function, duration of COVID-19 symptoms, ability to administer intravenous versus 
oral drugs, strength of evidence, situational context, and drug supply in decision-
making regarding choice of therapy (see Therapeutic Management of Adult Patients 
with COVID-19 summary for additional details).4 

If eligible patients with mild COVID-19 who began treatment with nirmatrelvir/
ritonavir progress to moderate COVID-19 during their treatment course, they may 
complete their treatment course at the discretion of the treating physician. 

Implementation Considerations

It is recommended that oral antiviral therapy be administered to non-hospitalized 
individuals across Ontario using a hybrid network that includes, but is not limited 
to, mobile integrated healthcare services, community paramedicine, virtual/remote 
assessment, and outpatient clinics.

Special Populations

Pharmacist consultation is important to mitigate any significant drug-drug interactions 
(including natural products). Nirmatrelvir/ritonavir is contraindicated in patients taking 
certain medications that have the potential for serious or life-threatening reactions 
at high concentrations and are highly dependent on CYP3A4-mediated metabolism; 
and in patients taking certain medications that are CYP3A-inducing, as these may 
significantly decrease concentrations of nirmatrelvir/ritonavir, decreasing its efficacy 
as a COVID-19 treatment (see Tables 1-4 in the “Considerations” section below, and 
the guidance document “Nirmatrelvir/ritonavir (Paxlovid): What prescribers and 
pharmacists need to know”).5 For complex interactions, consultation with a pharmacist 
experienced in managing ritonavir-related interactions is recommended.

In patients with moderate renal impairment (eGFR ≥30 to <60 mL/min), the dose 
should be reduced to 150 mg nirmatrelvir (one 150 mg tablet) and 100 mg ritonavir 
(one 100 mg tablet) taken together twice daily for 5 days. Nirmatrelvir/ritonavir is not 
recommended in patients with severe renal impairment (eGFR <30 mL/min) or who 
require dialysis. 

Nirmatrelvir/ritonavir may be considered for the treatment of pregnant patients with 
mild COVID-19 who otherwise meet the criteria outlined for mildly ill patients. There 
is a lack of data on nirmatrelvir/ritonavir use in pregnant patients; however, there 
is extensive experience with ritonavir use in pregnant patients living with HIV. If a 
pregnant patient fits the risk profile to potentially derive benefit from nirmatrelvir/
ritonavir, the risks and benefits of initiating treatment should be discussed with 
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the patient. Care of pregnant patients with COVID-19 should be managed by a 
multidisciplinary team with suitable expertise in the management of pregnancy.

Nirmatrelvir/ritonavir may be considered for lactating patients with mild COVID-19 
who otherwise meet the criteria outlined for mildly ill patients. There is a lack of data 
on nirmatrelvir/ritonavir use in lactating patients; however, based on studies in HIV, 
for which ritonavir is also used, it is known that ritonavir may be present in breast milk. 
If a lactating patient fits the risk profile to potentially derive benefit from nirmatrelvir/
ritonavir, the risks and benefits of initiating treatment should be discussed with the 
patient. We recommend advising the patient not to breastfeed for the duration of 
treatment and four days afterwards, during which time breast milk should be pumped 
and discarded.

Background
COVID-19 is characterized by an initial replicative phase where viral replication is 
the predominant driver of illness, and an inflammatory phase during which host 
responses predominate. Treatments that inhibit viral replication, if administered early 
in the course of illness, may improve patient-important outcomes, particularly in 
those at increased risk of progression to moderate or critical illness. In the context of 
the Omicron variant, the optimal timing for treatment before the inflammatory phase 
of illness is unclear. 

Paxlovid (nirmatrelvir/ritonavir) is a combination oral therapy for the treatment of 
SARS-CoV-2 infection. Nirmatrelvir is a selective inhibitor of the SARS-CoV-2 3CL-like 
protease (also known as main protease or 3CLpro).6 3CLpro is required for the processing of 
polyprotein precursors, which generates proteins necessary for SARS-CoV-2 replication 
and transcription. By inhibiting 3CLpro, nirmatrelvir inhibits proteolysis before viral RNA 
replication, leading to the cessation of downstream viral replication. Ritonavir, which 
is coadministered with nirmatrelvir, is not active against SARS-CoV-2. Ritonavir was 
initially developed as a protease inhibitor of HIV-1 and is currently licensed for this 
use. When administered at low doses, ritonavir primarily acts as a “boosting agent” 
for another drug that is metabolized by CYP3A4: in this case, nirmatrelvir. By inhibiting 
CYP3A4, ritonavir maximizes the nirmatrelvir concentration in plasma. 

Nirmatrelvir/ritonavir has been assessed in multiple animal models and in vitro 
studies demonstrating its effectiveness against SARS-CoV-2. A study has shown that 
nirmatrelvir retains activity in vitro against the Alpha, Beta, Gamma, Delta, and 
Omicron variants of concern.7 There is one peer-reviewed randomized controlled trial 
(RCT) currently published, EPIC-HR, which examines the use of nirmatrelvir/ritonavir 
in patients with mild COVID-19 at high risk of progression to COVID-19-related critical 
illness.1 An additional study in patients at standard risk of progression to COVID-19-
related critical illness was identified but remains incompletely reported and is not yet 
peer reviewed. 

Nirmatrelvir/ritonavir has been granted full approval in Canada for use in patients 
with mild COVID-19 (as per the Drugs & Biologics Clinical Practice Guidelines Working 
Group’s definitions) at high risk of progression to moderate or severe illness.

Projected demand for oral treatments for SARS-CoV-2 infection, such as nirmatrelvir/
ritonavir, is expected to be high, particularly among SARS-CoV-2-infected individuals 
who do not have immunity to SARS-CoV-2 because they are unvaccinated, have waned 
immunity, are immunocompromised (and thus lack an inadequate immune response 
to vaccination), or because of viral immune escape. Nirmatrelvir/ritonavir has the 
potential to significantly alleviate healthcare system burden as it can be administered 
to outpatients without the need for specialized equipment and personnel required for 
intravenous treatments. 
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Questions

Does nirmatrelvir/ritonavir improve patient outcomes including mortality, need for 
mechanical ventilator or organ support, hospitalization, and resolution of symptoms 
for individuals with COVID-19 who do not require supplemental oxygen therapy?

What is the serious adverse event profile of nirmatrelvir/ritonavir?

How should nirmatrelvir/ritonavir be used during the current Omicron wave?

Findings
As of February 16, 2022, we identified one published peer-reviewed study comparing 
nirmatrelvir/ritonavir with placebo for the treatment of COVID-19.1 This study, EPIC-
HR, was completed in unvaccinated patients with increased risk for progression to 
COVID-19-related critical illness. Another RCT was identified but has yet to be fully 
reported and published as a peer-reviewed paper. This unpublished study (EPIC-
SR, NCT05011513) looked at low-risk infected individuals, and interim data is only 
currently available via press release. 

Nirmatrelvir/ritonavir is also being assessed in an ongoing RCT for post-exposure 
prophylaxis in household contacts of symptomatic patients with COVID-19 
(NCT05047601).

Nirmatrelvir/Ritonavir vs. Placebo in Patients with Increased Risk for Progression to 
Severe Disease

EPIC-HR (NCT04960202) is a phase III double-blind, placebo-controlled RCT that 
compared nirmatrelvir/ritonavir versus placebo in unvaccinated, symptomatic, non-
hospitalized patients with laboratory-confirmed SARS-CoV-2 infection within five days 
of first onset of symptoms who are at increased risk of progression to severe disease 
and received usual care. Findings were published on February 16, 2022.1

The study included patients ≥18 years old who had mild to moderate COVID-19 
illness using United States Food and Drug Administration criteria. This illness severity 
corresponds to the Ontario COVID-19 Drugs and Biologics Clinical Practice Guidelines 
Working Group’s definition of mild COVID-19 illness (see “Methods Used for this 
Science Brief” below). Included individuals were not vaccinated against SARS-CoV-2, 
had symptomatic SARS-CoV-2 infection confirmed by laboratory testing, and were 
randomized within five days of symptom onset. Patients were required to have at 
least one symptom attributable to COVID-19 on the Day 1 evaluation, and at least one 
risk factor for progression to severe illness. 

Risk factors were defined as: age ≥ 60 years; body mass index (BMI) >25 kg/m2; 
current smoker (within 30 days of randomization) or a history of at least 100 lifetime 
cigarettes; immunosuppressive disease (bone marrow transplantation or primary 
immunodeficiency) or prolonged use of immune-modulating medications (prednisone 
20 mg equivalent for at least 14 consecutive days within 30 days preceding study entry; 
biologics, immunomodulators, or chemotherapy within 90 days of study entry; HIV 
with CD4 <200 cells/µL and viral load <400 copies/mL); chronic lung disease; known 
hypertension; cerebrovascular disease; diabetes mellitus, chronic kidney disease that 
does not meet exclusion criteria (below); sickle cell disease; neurodevelopmental 
disorders; genetic or metabolic syndromes; severe congenital abnormalities; active 
cancer; or medical-related technological dependence unrelated to COVID-19 (i.e., 
continuous positive airway pressure device).

The study excluded patients who were vaccinated against SARS-CoV-2 prior to 
the Day 34 visit, received convalescent plasma, had a history of prior SARS-CoV-2 
infection or hospitalization for previous COVID-19, had a current or anticipated need 
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for hospitalization within the 48 hours after study randomization, history of active 
liver disease, moderate-to-severe renal dysfunction, patients receiving dialysis, those 
with oxygen saturations at rest ≤92% within 24 hours of randomization, those with a 
comorbidity requiring hospitalization and/or surgery within seven days prior to study 
entry, or considered life-threatening within 30 days prior to study entry. Patients with 
a suspected or confirmed infection other than COVID-19, and patients with HIV-1 
infection and a viral load >400 copies/mL were excluded. The study also excluded 
patients on medications that are highly dependent on CYP3A4 for clearance and for 
which elevated plasma concentrations may be associated with serious and/or life-
threatening events, as well as medications that are strong inducers of CYP3A within 
28 days of the first dose of study drug.

The trial enrolled 2,246 patients between July and December 2021 in 20 countries, 
who were randomized 1:1 to receive either nirmatrelvir/ritonavir or placebo. 
Enrolment was terminated early, in November 2021, based on positive efficacy results 
from a planned interim analysis. The median age of the full analysis set (n=2,246) is 
46 years (range: 18-88), with 12.8% of patients ≥65 years old. The most common risk 
factors for COVID-19 critical illness in included patients were obesity (80.5%), cigarette 
smoking (39.0%), and hypertension (32.9%). 51.2% of participants had baseline 
positive SARS-CoV-2 antibodies, suggesting current or previous infection.1 According 
to Health Canada regulatory submission documents, among 488 patients who had 
SARS-CoV-2 isolates sequenced, the Delta variant of concern (VOC) comprised 98.0% 
of infections.8 94.6% of patients included in the study completed ≥5 days of treatment 
with study drug. Three patients in the nirmatrelvir/ritonavir group and one patient in 
the placebo group received monoclonal antibodies for COVID-19 treatment prior to 
receiving the study intervention.

The primary outcome was a composite of hospitalization >24 hours or all-cause death 
through Day 28 in the modified intention-to-treat (mITT) population, which included 
all randomized participants who began treatment ≤3 days after symptom onset and 
did not receive and were not expected to receive monoclonal antibody therapy. 

The key secondary outcome was a composite of hospitalization >24 hours or all-
cause death through Day 28 in all randomized patients who began treatment ≤5 days 
after symptom onset (mITT-1 population). Other secondary outcomes included the 
incidence of treatment-emergent adverse events by Day 34, incidence of serious 
adverse events leading to discontinuation of study drug, incidence of adverse events 
leading to discontinuation of study drug, and viral RNA levels in nasopharyngeal 
samples through Day 5. Log10-transformed viral loads were compared using an ANCOVA 
model adjusted for baseline viral load and SARS-CoV-2 baseline seropositivity. Patients 
with viral loads below the assay’s lower limit of detection (2 log10 copies/mL) were 
imputed as 1.70 log10 copies/mL. 

Additional endpoint analyses were undertaken in an additional modified intention-to-
treat population (referred to as mITT-2), which included all randomized and treated 
patients with symptom onset ≤5 days, including those who had received or were 
expected to receive monoclonal antibody treatment.

Subgroup analyses were predefined in the mITT and mITT-1 populations by age, 
gender, race, BMI, baseline SARS-CoV-2 serology status, baseline SARS-CoV-2 viral 
load, baseline comorbidities and number of baseline comorbidities present. 

Outcomes

The study population consisting of all those randomized who received at least one 
dose of intervention within five days of COVID-19 symptom onset and were not 
expected to receive monoclonal antibody therapy (mITT-1) was considered the 
most contextually relevant to Ontario because it most closely resembles the patient 
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population in whom nirmatrelvir/ritonavir will be used in clinical practice. Therefore, 
the mITT-1 population is the basis of our summary of findings unless otherwise stated. 
The mITT-1 population included 1,039 patients in the intervention group (of the 1,120 
randomized) and 1,046 in the placebo group (of the 1,126 randomized). 

All sensitivity analyses reported and calculated found similar findings in terms of 
direction of effect with minor discrepancies in the size of the effect and the confidence 
interval surrounding the observed findings.1 

Composite Outcome of Hospitalization or Mortality

The primary outcome reported in the EPIC-HR study was hospitalization or death 
by Day 28. There were 8 hospitalizations or deaths in the 1,039 patients that were 
enrolled in the nirmatrelvir/ritonavir arm, and 66 in the 1,046 patients enrolled in 
the placebo arm. This represents a statistically significant reduction in hospitalization 
or death for those who had the intervention (RR 0.12, 95% CI 0.06 – 0.25). This 
corresponds to a 5.5% absolute risk reduction, meaning one additional hospitalization 
or death is prevented for approximately every 18 patients treated. However, this is 
largely driven by the reduction in hospitalizations, as there were 8 hospitalizations 
in the nirmatrelvir/ritonavir arm and 65 in the placebo arm. Nirmatrelvir/ritonavir 
significantly reduced hospitalizations compared to placebo (RR 0.12, 95% CI 0.06 – 
0.26). This corresponds to a 5.4% absolute risk reduction, meaning one additional 
hospitalization is avoided for every approximately 18 patients treated. 

All-Cause Mortality 

At Day 28, there was a statistically significant difference in deaths, with 0 deaths among 
1,039 patients in the nirmatrelvir/ritonavir arm and 12 deaths among 1,046 patients in 
the placebo arm (RR 0.04, 95% CI 0.00 – 0.68). The 1.1% absolute risk reduction means 
that one death is prevented for every 87 patients treated with nirmatrelvir/ritonavir. 

Invasive Mechanical Ventilation

The EPIC-HR trial did not report on this outcome of interest. 

Composite Outcome of Invasive Mechanical Ventilation (IMV) or Mortality

Patients who die may not proceed to IMV before death. Therefore, it is important to 
consider the composite outcome of mortality or progression to IMV. The EPIC-HR trial 
did not report on this outcome of interest. 

Serious Adverse Events

There were 1,109 patients who received nirmatrelvir/ritonavir and 1,115 patients 
who received placebo analyzed in the safety assessment. There were fewer events in 
the nirmatrelvir/ritonavir arm, with 18 patients (1.6%) experiencing serious adverse 
events compared to 74 (6.6%) in the placebo arm (absolute risk reduction 5.0%, 95% 
CI 3.4 – 6.6%). The most common serious adverse events were COVID-19 pneumonia, 
worsening of COVID-19, and decreased creatinine clearance in the nirmatrelvir/
ritonavir arm, which were not considered to be drug-related by the investigator. Other 
adverse events included one case of chest discomfort, dyspnea, and palpitations, 
which resolved at Day 5; one case of facial paralysis, which resolved at Day 37; and 
one case of abscess with sepsis, which resolved at Day 9. Two patients experienced a 
grade 4 (life-threatening) adverse event in the nirmatrelvir/ritonavir arm, compared 
to 10 in the placebo arm. No serious adverse events resulted in death among patients 
who received nirmatrelvir/ritonavir.

Adverse Events

The EPIC-HR study’s safety evaluation also examined treatment-emergent adverse 
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events. The most frequently reported treatment-related adverse events in the 
nirmatrelvir/ritonavir group were dysgeusia, diarrhea, D-dimer increases, alanine 
aminotransferase increase, headache, decreased creatinine clearance, and vomiting. 
More patients in the treatment arm had dysgeusia (5.6% vs. 0.3%), diarrhea (3.1% 
vs. 1.6%), headache (1.4% vs. 1.3%), and vomiting (1.1% vs. 0.8%) when compared 
to placebo. Both dysgeusia and diarrhea were determined to be likely as a result of 
ritonavir administration. Adverse events resulting in discontinuation of study drug 
were less common in the nirmatrelvir/ritonavir arm compared to placebo (2.1% 
vs. 4.2%, respectively). Likewise, treatment-emergent adverse events that were 
of Grade 3 severity or greater were less common with nirmatrelvir/ritonavir than 
placebo (4.1% vs. 8.3%).

Outcomes in Patients Who Received Their First Dose between 4 - 5 Days of Symptom 
Onset

The EPIC-HR study evaluated patients who received their first dose within three days 
and within five days of symptom onset and findings were robust between these 
groups. However, the Drugs & Biologics Clinical Practice Guidelines Working Group 
was interested in the potential impact of starting treatment with nirmatrelvir/ritonavir 
on days 4 and 5 of symptom onset, given the potential for significant logistical delays 
in patient access to treatment in Ontario.

Based on the trial data, we calculated there were 342 patients who received their 
first dose of nirmatrelvir/ritonavir and 364 who received placebo starting on days 4 
or 5 of symptom onset. Among these patients, there was no statistically significant 
difference in mortality, with no events in the nirmatrelvir/ritonavir group and three 
in the placebo group (RR 0.15, 95% CI 0.01 – 2.93). However, there was a significant 
reduction in hospitalizations in this population and thus, in the composite outcome 
of hospitalization and mortality. There were three hospitalizations in the intervention 
arm, and 21 in the placebo arm (RR 0.15, 95% CI 0.05 – 0.51), corresponding to an 
absolute risk reduction of 4.9%, or that approximately 20 people would need to 
be treated to avoid one additional hospitalization. Combined, the findings for the 
composite outcome were also statistically significant, with 3 events in the nirmatrelvir/
ritonavir arm and 22 in the placebo arm (RR 0.15, 95% CI 0.04 – 0.48). This is a 5.1% 
absolute risk reduction, meaning one event is prevented for every 20 patients treated. 

SARS-CoV-2 Viral Load

The EPIC-HR trial evaluated day 5 viral loads in 1,574 included patients, adjusted for 
baseline viral load, SARS-CoV-2 serological status, and geographic region. Among those 
patients in whom treatment was initiated ≤5 days from symptom onset, nirmatrelvir/
ritonavir decreased SARS-CoV-2 viral load by a mean of -0.69 log10 copies/mL (95% CI: 
-0.86 to -0.53 log10 copies/mL).

Nirmatrelvir/Ritonavir vs. Placebo in Patients with Standard Risk for Progression to 
Severe Disease

EPIC-SR (NCT05011513) is a phase 2/3 placebo-controlled international study in 20 
countries involving both unvaccinated adults at low risk of hospitalization and death 
and vaccinated adults who had one or more risk factors for progression to severe 
illness.9 The primary endpoint is self-reported, sustained alleviation of all symptoms 
for four consecutive days. An interim analysis was posted on December 14, 2021 by 
the manufacturer.10

Outcomes

The primary outcome, alleviation of symptoms, was not met after 662 patients were 
recruited and analyzed, but no details are provided.
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After 854 patients were analyzed, 0.7% (3/428) of patients receiving nirmatrelvir/
ritonavir were hospitalized, compared with 2.3% (10/426) of patients receiving 
placebo (RR 0.30, 95% CI 0.08 – 1.08), corresponding to a 1.6% absolute risk reduction 
for hospitalization (95% CI 0.0 to 3.3%), and a number-needed-to-treat of 61 patients 
to prevent one hospitalization. There were no deaths in either arm.

Full enrollment of EPIC-SR was complete at the time of the press release.

Interpretation
The included studies were multinational randomized placebo-controlled trials 
designed to assess the effectiveness of nirmatrelvir/ritonavir compared to placebo in 
people with COVID-19 that are managed in the community and at varying degrees of 
risk for deterioration. Overall, the trial data for the high-risk population/study were 
well reported, and several subgroup and sensitivity analyses allowed for assessment 
of the robustness of the findings. There were concerns with two study sites, however, 
sensitivity analyses found findings were robust to removal of these sites. Interim 
analyses demonstrated that the subgroups of those who received treatment within 
three days of symptom onset were similar to those who received treatment within 
five days. Our additional calculations demonstrated significant findings for reduced 
risk of hospitalization when limited to only those who received dosing on days four 
or five. These findings show preservation of benefit using a timeframe that is more 
realistic in Ontario with respect to seeking medical care and drug access.

The goal of our recommendations around nirmatrelvir/ritonavir are to apply existing 
evidence to the Ontario context. The primary outcome of interest is hospitalization; 
preventing hospitalization is important to patients, and also to the resource-
constrained healthcare system. In this study, 6.2% of subjects assigned to placebo 
were hospitalized. Current Canadian data suggests that patients at highest risk for 
disease progression (to hospitalization) are those who are older, and increasing age 
has been the most consistent and important risk factor for hospitalization due to 
COVID-19.3 However, the median age of individuals enrolled in EPIC-HR was 46 years, 
and less than 20% of patients were over age 65. This limits the study’s generalizability 
to Ontarians who are at highest risk of disease progression. Another important risk 
factor for hospitalization and severe disease in Ontario is being immunocompromised. 
In a subgroup analysis where patients were stratified by the number of medical 
comorbidities, there was preservation of effect for those patients with 2-3 comorbidities, 
which aligns with suggestion from current Canadian data that these patients are at 
highest risk of poor outcomes. 

EPIC-HR did not include anyone who was vaccinated, and included a higher 
prevalence of people who smoke compared to Ontario (about 30% smokers versus 
14% in Ontario).11 However, smoking status did not seem to have significant impact 
in sensitivity analyses.1 There were also a low number of patients with cardiovascular 
disease compared to the expected rates in our target population. A genome sequence 
analysis of 490 participants in Health Canada regulatory submission documents 
demonstrated that the dominant strain in EPIC-HR was the Delta variant, compared 
to the current predominance of Omicron in Ontario; this may confer a different 
hospitalization risk in our target population.12 In addition, a difference in baseline 
hospitalization rates amongst unvaccinated patients infected with the Omicron VOC 
compared to the Delta variant may alter the magnitude of the absolute risk reduction 
for hospitalization; however, no data is available to explore this. There was a theoretical 
concern that nirmatrelvir may have decreased activity against the Omicron variant 
due to its ORF1a mutations leading to decreased nirmatrelvir binding to SARS-CoV-2 
3CLpro; however, nirmatrelvir was shown to retain in vitro activity against the Alpha, 
Beta, Gamma, Delta, and Omicron variants of concern.7
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Perhaps the most important consideration (addressed below, see “Considerations” 
section) relates to the absence of information on medication co-administration for 
study subjects. In the study protocol, subjects who were current or expected users 
of any medications or substances highly dependent on CYP3A4 for clearance or are 
strong inducers of CYP3A4 were excluded. We do not know how many patients were 
enrolled but excluded because of drug-drug interactions. These challenges limit the 
study’s generalizability to existing Ontario target populations.

Finally, the low event rate of deaths in EPIC-HR is notable; no deaths occurred in the 
intervention group throughout the study duration. This may result in statistical fragility 
in the findings, so results for that outcome and should be interpreted with caution. 
Similarly, the composite outcome of hospitalization or death is not very informative 
about the impact of nirmatrelvir/ritonavir on deaths, due to the paucity of evidence 
for this outcome. As such, it should be interpreted more as evidence of effectiveness 
on the impact of the intervention on hospitalizations rather than true representation 
of the composite outcome. 

Considerations
Drug Interactions

The use of ritonavir in this co-packaged treatment for COVID-19 presents notable 
challenges with respect to drug-drug interactions which can potentially impact the 
efficacy of nirmatrelvir/ritonavir, as well as the safety of co-administered medications. 
A brief summary of significant interactions is provided below; it should be emphasized 
that 1) the tables are not all-inclusive as it is impossible to include every possible 
potential interacting medication, and 2) there may be some slight variance from 
the product monograph based upon pharmacokinetic drug principles, the specific 
dose and duration of nirmatrelvir/ritonavir therapy, and characteristics of individual 
medications. This variance from the product monograph also reflects clinical expertise 
and judgment regarding which interactions are of particular clinical importance. 
Prescribers are advised to consult the guidance document “Nirmatrelvir/ritonavir: 
what prescribers and pharmacists need to know”5 and the University of Liverpool 
COVID-19 Drug Interactions Checker for further details.13 For complex interactions, 
consultation with a pharmacist experienced in managing ritonavir-related interactions 
may be helpful.

Drugs Which May Reduce Nirmatrelvir/Ritonavir Concentrations and Negatively 
Impact Efficacy

Nirmatrelvir and ritonavir are substrates of CYP3A4. Nirmatrelvir/ritonavir is 
contraindicated in patients taking CYP3A-inducing agents, as these drugs may 
significantly decrease the concentrations of nirmatrelvir/ritonavir, thus decreasing its 
efficacy as a COVID-19 treatment (Table 1). Note that this includes current use and 
recent (i.e., last dose taken within the past 14 days) use of CYP3A-inducing drugs, 
as dissipation of enzyme induction effects does not occur immediately after drug 
discontinuation. While offset of enzyme induction may occasionally take up to 4 
weeks or longer, data suggest that de-induction generally occurs within two weeks 
after discontinuation of a potent CYP3A4 inducer. As such, a two-week exclusionary 
period for enzyme inducers is considered reasonable, particularly as the presence of 
ritonavir as a booster may help to counteract any lingering enzyme induction effects. 
Therefore,12-14 any use of enzyme inducers within the past 14 days would preclude the 
use of nirmatrelvir/ritonavir.
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Medication class Drugs within the class that are contraindicated with nirmatrelvir/
ritonavir due to potential loss of nirmatrelvir/ritonavir efficacy

Anti-cancer agents Apalutamide, enzalutamide

Anticonvulsants Carbamazepine, eslicarbazepine, oxcarbazepine, phenobarbital, phenytoin, 
primidone

Antimycobacterials Rifampin, rifapentine

Natural products St. John’s Wort (Hypericum perforatum)
Table 1. CYP3A- Inducing Medications That May Significantly Decrease Nirmatrelvir/Ritonavir Concentrations and 
Efficacy in Patients; Current and Recent (Within the past 14 Days) Use Is CONTRAINDICATED
Adapted from: Health Canada. Product Monograph including patient medication information: Paxlovid™. Available 
at: https://covid-vaccine.canada.ca/info/pdf/paxlovid-pm-en.pdf. Accessed 21 January 2022, and https://www.
covid19treatmentguidelines.nih.gov/therapies/statement-on-paxlovid-drug-drug-interactions/. Accessed 19 January, 
2022.

Drugs Which Are Expected to Be Significantly Increased by Nirmatrelvir/Ritonavir 
with Risk of Drug Toxicity

Nirmatrelvir/ritonavir is contraindicated in patients taking certain medications that 
have the potential for serious or life-threatening reactions at high concentrations and 
are highly dependent on CYP3A4-mediated metabolism (Table 2). Ritonavir acts as a 
potent inhibitor of CYP3A4, P-gp and other CYP isoenzymes and transporters. The onset 
of enzyme/transportation inhibition is rapid, and significant: life-threatening inhibition 
interactions can occur even within the five-day treatment period of nirmatrelvir/
ritonavir. With certain drug classes, replacing or interrupting the medication is often 
difficult due to treatment indication and specificity of pharmacologic effect. In addition, 
some medications have a prolonged half-life and immediate discontinuation of the 
drug prior to initiation of nirmatrelvir/ritonavir will not mitigate the interaction risk, 
particularly since there is a very limited window for initiating nirmatrelvir/ritonavir. 
Patients on these medications should not receive nirmatrelvir/ritonavir; an alternate 
COVID-19 therapeutic agent is recommended. If a contraindicated medication can be 
safely held, this should be done prior to initiating nirmatrelvir/ritonavir. 

Medication class Drugs within the class that are contraindicated with 
nirmatrelvir/ritonavir due to increased risk of toxicity

Discontinuing these medications is not feasible due to long half-life or treatment indication 
and specificity of pharmacologic effect. Use of an alternative COVID-19 therapeutic agent is 

recommended.

Antianginals Ranolazine

Antiarrhythmics Amiodarone, dronedarone, flecainide, propafenone, quinidine

Anti-cancer agents Neratinib, venetoclax

Antipsychotics Lurasidone, pimozide, clozapine

Endothelin receptor antagonists Bosentan

Analgesic (narcotic) Fentanyl

PDE5 inhibitors for treatment of 
pulmonary arterial hypertension Sildenafil, tadalafil, vardenafil

Only start nirmatrelvir/ritonavir if the interacting drug can be safely held/replaced. Consultation 
with the patient’s specialist provider or pharmacist may be warranted.

α1 adrenergic receptor antagonists Alfuzosin

Anticoagulants, antiplatelets Rivaroxaban, ticagrelor

Anti-gout agents Colchicine

Beta-adrenoreceptor agonist, long-
acting Salmeterol

Ergot derivatives Dihydroergotamine, ergonovine, ergotamine, methylergonovine
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GI motility agents Cisapride

Lipid-modifying agents Lomitapide, lovastatin, simvastatin

PDE5 inhibitor for erectile 
dysfunction Vardenafil

Sedatives/hypnotics Triazolam, midazolam (oral)

Table 2. CYP3A4- Metabolized Medications at High Risk of Developing Serious or Life-Threatening Adverse Reactions 
as a Result of Increased Concentrations Secondary to Interactions with Nirmatrelvir/Ritonavir; Co-administration 
is CONTRAINDICATED
Adapted from: Health Canada. Product Monograph including patient medication information: Paxlovid™. Available 
at: https://covid-vaccine.canada.ca/info/pdf/paxlovid-pm-en.pdf. Accessed 21 January 2022, and https://www.
covid19treatmentguidelines.nih.gov/therapies/statement-on-paxlovid-drug-drug-interactions/. Accessed 19 January, 
2022.

There are numerous drugs with concentration-dependent toxicities, but where it 
may be clinically feasible to hold the agent; in some instances, the interaction may 
be managed by adjusting the dose or dosing interval, or monitoring for increased 
adverse effects (Table 3). For drugs that have a narrow therapeutic window, such as 
anticoagulants, antineoplastics, antiplatelets, antiarrhythmics, immunosuppressants, 
lipid-lowering agents, and psychotropic medications, consultation with a clinical 
pharmacist/treating specialist is recommended. 

Medication class Drugs within the class that should be avoided with 
nirmatrelvir/ritonavir due to risk of increased toxicity

Analgesics Hydrocodone, oxycodone, meperidine, propoxyphene, tramadol

Anti-cancer drugs Abemaciclib, ceritinib, dasatinib, encorafenib, fostamatinib, 
ibrutinib, nilotinib, vincristine, vinblastine

Anticoagulants and antiplatelets Apixaban, edoxaban, warfarin, clopidogrel

Anticonvulsants Clonazepam

Antimycobacterial Rifabutin

Antiparasitic Quinine

Anxiolytics/sedative/hypnotics Alprazolam, bromazepam, buspirone, clorazepate, diazepam, 
estazolam, flurazepam, nitrazepam, zolpidem, zopiclone

Antipsychotics Aripiprazole (oral), modafinil, quetiapine, paliperidone, risperidone, 
ziprasidone

BPH drugs Silodosin, tamsulosin

Calcium channel blockers Amlodipine, diltiazem, felodipine, nicardipine, nifedipine, verapamil

Cardiac glycosides Digoxin

Endothelin receptor antagonists Macitentan

GnRH receptor antagonist Elagolix

HCV antiviral agents Glecaprevir/pibrentasvir

Lipid lowering agents Atorvastatin, rosuvastatin

Immunosuppressants Cyclosporine, everolimus, tacrolimus, rapamycin

PDE5 inhibitors for treatment of 
erectile dysfunction Sildenafil, tadalafil

Table 3. Established or Potentially Significant Interactions with Nirmaltrevir/Ritonavir Which May Result in 
Increased Comedication Concentrations. Coadministration Has a Risk of Serious Toxicity. Only Start Nirmatrelvir/
Ritonavir If the Interacting Drug Can Be Safely Held or Dose-Adjusted and Closely Monitored. Expert Consultation 
Is Recommended
Adapted from: Health Canada. Product Monograph including patient medication information: Paxlovid™. Available 
at: https://covid-vaccine.canada.ca/info/pdf/paxlovid-pm-en.pdf. Accessed 21 January 2022, and https://www.
covid19treatmentguidelines.nih.gov/therapies/statement-on-paxlovid-drug-drug-interactions/. Accessed 19 January, 
2022.

It should be emphasized that Table 3 does not include all possible drugs which may 
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interact with nirmatrelvir/ritonavir. Notes on interaction management strategies:

Holding Medication

It may take a few days for the offset of ritonavir inhibition effects. Therefore, it is 
recommended that an interacting medication be held for one week, starting the 
first day of nirmatrelvir/ritonavir therapy, and resumed two days after completion of 
therapy unless otherwise specified. 

Replacing Medication

Replacing an interacting medication with an alternative agent is generally not a 
feasible option in the context of nirmatrelvir/ritonavir use, given the short window for 
treatment initiation. Prescribing a replacement agent may also introduce additional 
risk if the original drug is not resumed after completion of nirmatrelvir/ritonavir 
therapy, or if there is overlapping use of both the replacement agent and original 
drug. Therefore, when possible, it is preferable to hold an interacting agent. 

Dose-Adjustment

Some medications may be continued at a lower dose during nirmatrelvir/ritonavir 
therapy; expert consultation is recommended as strategies will vary according to the 
specific medication and indication.

Special Populations – Oncology

It is common practice to hold certain medications such as cytotoxic chemotherapy, 
some tyrosine kinase inhibitors (TKIs), cyclin-dependent kinase (CDK) inhibitors, and 
poly (ADP-ribose) polymerase (PARP) inhibitors during acute infections – including 
COVID-19. Dose adjustment of many chemotherapeutic agents is problematic due to 
the need for obtaining a new prescription with temporary new dosing instructions, 
arranging delivery of specialized chemotherapy agents and then resuming therapy 
at regular doses. For these medications, the preferred course of action is to hold 
therapy during treatment with nirmatrelvir/ritonavir. Consultation with an oncology 
prescriber/pharmacist is recommended. 

Drugs Which Are Not Expected to Have Clinically Relevant Interactions with 
Nirmatrelvir/Ritonavir

Ritonavir induces numerous CYP and UGT enzymes; however, maximal onset of 
induction usually takes up to 2 – 3 weeks to manifest and nirmatrelvir/ritonavir 
treatment is five days long. High doses of ritonavir can inhibit CYP2D6, but this effect 
is not clinically relevant with the lower boosting dose used with nirmatrelvir. Some 
drugs have a wide therapeutic margin and a temporary increase in concentrations 
is usually well tolerated. Therefore, while the product monograph includes drugs 
which may interact with nirmatrelvir/ritonavir via these mechanisms, these are not 
considered to be clinically relevant based on the dose and duration of nirmatrelvir/
ritonavir therapy, and characteristics of individual medications. Medications listed in 
Table 4 may be continued at usual doses during nirmatrelvir/ritonavir therapy.

Medication class Drugs within the class that may be continued at usual doses 
during nirmatrelvir/ritonavir therapy

Anticonvulsants Divalproex, lamotrigine

Antidepressants
Amitriptyline, bupropion, citalopram, clomipramine, escitalopram, 
fluoxetine, fluvoxamine, imipramine, maprotiline, nortriptyline, 

paroxetine, sertraline, trimipramine, venlafaxine

Antiemetic Dronabinol

Antiinfectives and antifungals Atovaquone, clarithromycin, itraconazole, ketoconazole, voriconazole
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Antiretrovirals All antiretrovirals, including raltegravir, maraviroc and agents 
boosted with ritonavir or cobicistat (continue antiretroviral booster)

Beta-blockers Metoprolol, timolol

Bronchodilator Theophylline

Corticosteroids Oral and inhaled, including budesonide and dexamethasone

Hormonal contraceptives Ethinyl estradiol

Stimulant Methamphetamine

Table 4. Drug Interactions Unlikely to Be Clinically Relevant
These interactions are not likely to be clinically relevant at the ritonavir dose used and for the limited duration of 
treatment, as well as the large therapeutic margin of the comedication. 

For people living with HIV on antiretroviral therapy: It is recommended that patients 
continue their antiretroviral therapy at usual dosing while on nirmatrelvir/ritonavir, 
including those on ritonavir- or cobicistat-containing regimens. Concentrations of 
some antiretrovirals may be temporarily increased but this is not expected to cause 
significant issues given the limited duration of nirmatrelvir/ritonavir therapy and 
tolerability of modern antiretroviral agents. nirmatrelvir/ritonavir will not negatively 
impact efficacy of antiretroviral treatment or vice versa. Dose adjustments of 
antiretroviral therapy and nirmatrelvir/ritonavir are not required during the period of 
nirmatrelvir/ritonavir treatment.

It is strongly recommended to obtain a complete history of medication from all of 
the patient’s pharmacies including prescription and non-prescription products, 
natural health products and recreational drug use prior to prescribing nirmatrelvir/
ritonavir. Consultation with a pharmacist experienced in managing drug interactions 
is recommended to screen for any medication interactions that may predispose the 
patient to a serious or life-threatening adverse outcome with the administration of 
nirmatrelvir/ritonavir.

Missed Dose

In the event of a missed dose of nirmatrelvir/ritonavir within eight hours of the 
scheduled administration time, it is recommended that the missed dose should be 
taken as soon as possible and the normal dosing schedule be resumed. 

In the event of a missed dose of nirmatrelvir/ritonavir with ≥8 hours elapsed from the 
scheduled administration time, it is recommended that the patient skip the missed 
dose and resume the next dose at the regularly scheduled time.

It is not recommended to double the dose of nirmatrelvir/ritonavir in the event of a 
missed dose. 

Pregnant Patients

Nirmatrelvir/ritonavir may be considered for the treatment of pregnant patients with 
mild COVID-19 who otherwise meet the criteria outlined for mildly ill patients There 
is a lack of data on nirmatrelvir/ritonavir use in pregnant patients; however, there 
is extensive experience with ritonavir use in pregnant patients living with HIV. If a 
pregnant patient fits the risk profile to potentially derive benefit from nirmatrelvir/
ritonavir, the risks and benefits of initiating treatment should be discussed with 
the patient. Care of pregnant patients with COVID-19 should be managed by a 
multidisciplinary team with suitable expertise in the management of pregnancy.

There is no data on the use of nirmatrelvir/ritonavir in pregnant individuals with 
COVID-19. Pregnant patients were excluded from the trial data reviewed in this Science 
Brief. Pre-clinical studies at supratherapeutic drug levels in rabbits demonstrated 
reduced fetal body weight at a dose ten times the mean clinical exposure of 
nirmatrelvir in humans. Evidence from pre-clinical studies and clinical experience 
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currently favour the use of COVID-19 treatment such as sotrovimab in pregnancy 
compared to nirmatrelvir/ritonavir in situations where sotrovimab is as accessible as 
nirmatrelvir/ritonavir. Shared decision-making between a pregnant patient and their 
care provider, and a thorough discussion of the risks and benefits of treatment with 
nirmatrelvir/ritonavir, is advised. 

Lactating Patients

Nirmatrelvir/ritonavir 300 mg/100 mg given orally twice daily for five days may be 
considered for lactating patients with mild COVID-19 who otherwise meet the criteria 
outlined for mildly ill patients (see “Recommendations” below). 

There is a paucity of data on nirmatrelvir/ritonavir use in lactating patients. However, 
based on studies in HIV, for which ritonavir is also used, it is known that ritonavir may 
be present in breast milk. If a lactating patient fits the risk profile to potentially derive 
benefit from nirmatrelvir/ritonavir, the risks and benefits of initiating treatment should 
be discussed with the patient. We recommend advising the patient not to breastfeed 
for the duration of treatment and four days afterwards, during which time breast milk 
should be pumped and discarded.

Patients with Human Immunodeficiency Virus (HIV) Infection

Nirmatrelvir/ritonavir is recommended in patients with HIV infection taking ritonavir- 
or cobicistat-containing regimens who otherwise fit the criteria for eligible mildly 
ill patients (see “Recommendations” below). Patients who are taking ritonavir- or 
cobicistat-containing regimens for the treatment of HIV infection should remain on 
those regimens without interruption or adjustment while on nirmatrelvir/ritonavir.

Nirmatrelvir/ritonavir is not recommended in patients with inadequately-controlled 
HIV-1 infection, nor in patients with presumed/suspected undiagnosed HIV-1 
infection, due to the theoretical risk of the development of HIV-1 resistance to 
protease inhibitors while on ritonavir alone. Physicians should incorporate this risk into 
their risk-benefit analysis when determining choice of therapy for eligible patients with 
SARS-CoV-2 infection.

Patients with Renal Impairment

Nirmatrelvir/ritonavir is not recommended in patients with an estimated glomerular 
filtration rate (eGFR) <30 mL/min/1.73m2, or in patients who require dialysis.

Nirmatrelvir/ritonavir is recommended at a reduced dose of 150 mg/100 mg (one 150 
mg nirmatrelvir tablet and one 100 mg ritonavir tablet taken together) given orally twice 
daily for five days in patients with an eGFR of ≥30-59 mL/min/1.73m2 who otherwise fit 
the criteria for eligible, mildly ill patients (see “Recommendations” below).

Patients with Hepatic Impairment

Nirmatrelvir/ritonavir is not recommended in patients with severe hepatic impairment, 
defined as Child-Pugh Class C. 

Nirmatrelvir/ritonavir is recommended at a dose of 300 mg/100 mg (two 150 mg 
nirmatrelvir tablets and one 100 mg ritonavir tablet taken together) given orally twice 
daily for five days in patients with Child-Pugh Class A or B cirrhosis who otherwise fit 
the criteria for eligible, mildly ill patients (see “Recommendations” below). 

The recommendation in Child-Pugh Class A or B hepatic impairment is of very low 
certainty and is based on a small pharmacokinetic study in which four doses of 
nirmatrelvir/ritonavir 100 mg/100 mg were given to eight patients with moderate 
hepatic impairment and eight controls. The pharmacokinetic parameters Cmax, AUCinf, 
Tmax, and t1/2 were similar among these two groups of patients, suggesting nirmatrelvir/
ritonavir use in Child-Pugh Class A or B hepatic impairment achieves similar therapeutic 
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drug concentrations as healthy controls. There is no pharmacokinetic or safety data in 
patients with Child-Pugh Class C hepatic impairment. 

Supply Chain Issues

It is recommended that, in times of drug shortage, nirmatrelvir/ritonavir be 
administered to non-hospitalized individuals across Ontario using a hybrid network 
that includes, but is not limited to, mobile integrated healthcare services, community 
paramedicine, and outpatient clinics. 

There is potential for high global demand of nirmatrelvir/ritonavir among patients with 
mild COVID-19 who lack pre-existing immunity to SARS-CoV-2, either because they are 
unvaccinated or immunocompromised. In the event that periods of limited supply 
cause widespread use of nirmatrelvir/ritonavir to become challenging, we recommend 
an ethical, evidence-based approach that has been described in detail by the Working 
Group in previous guidelines.17,18 These guidelines emphasize the preservation of the 
standard of care for as many patients as possible, and in circumstances where that 
is no longer possible, the use of a fair and equitable procedure to choose between 
which patients are allocated available resources.18

Recommendations 
Please see the section below entitled “Methods Used for This Science Brief” for a 
description of COVID-19 illness severity criteria. 

Critically Ill Patients (On High-Flow Oxygen, Mechanical Ventilation, or Extracorporeal 
Membrane Oxygenation (ECMO))

Nirmatrelvir/ritonavir is not recommended for critically ill patients with COVID-19.

Moderately Ill Patients (On Low-Flow Oxygen)

Nirmatrelvir/ritonavir is not recommended for moderately ill patients with COVID-19.

Mildly Ill Patients (Not Requiring Supplemental Oxygen)

Nirmatrelvir/ritonavir is recommended at a dose of 300 mg nirmatrelvir (two 150 mg 
tablets) with 100 mg ritonavir (one 100 mg tablet), with all three tablets taken together 
orally twice daily for five days. Patients must be at higher risk of severe disease from 
COVID-19 and present within five days of symptom onset. 

Risk factors for progression to moderate or critical COVID-19 are outlined in in 
“Methods used for this Science Brief” below, and include immunocompromised 
individuals, and individuals whose combination of age, vaccination history, and risk 
factors put them at increased risk of progression to severe disease. 

Other treatment options that may be available to these higher risk patients include 
sotrovimab, remdesivir, fluvoxamine, and budesonide. Clinicians should consider 
patient-specific factors including (but not limited to) drug-drug interactions, renal 
function, duration of COVID-19 symptoms, ability to administer intravenous versus 
oral drugs, strength of evidence, situational context, and drug supply in decision-
making regarding choice of therapy (see Therapeutic Management of Adult Patients 
with COVID-19 summary for additional details).4 

If eligible patients with mild COVID-19 who began treatment with nirmatrelvir/
ritonavir progress to moderate COVID-19 during their treatment course, they may 
complete their treatment course at the discretion of the treating physician. 

Implementation Considerations

It is recommended that oral antiviral therapy be administered to non-hospitalized 
individuals across Ontario using a hybrid network that includes, but is not limited 
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to, mobile integrated healthcare services, community paramedicine, virtual/remote 
assessment, and outpatient clinics.

Special Populations

Pharmacist consultation is important to mitigate any significant drug-drug interactions 
(including natural products). Nirmatrelvir/ritonavir is contraindicated in patients taking 
certain medications that have the potential for serious or life-threatening reactions 
at high concentrations and are highly dependent on CYP3A4-mediated metabolism; 
and in patients taking certain medications that are CYP3A-inducing, as these may 
significantly decrease the concentrations of 

Nirmatrelvir/ritonavir, decreasing its efficacy as a COVID-19 treatment. (see Tables 
1-4 in the “Considerations” section above, and the guidance document “Nirmatrelvir/
ritonavir (Paxlovid): What prescribers and pharmacists need to know”).5 For complex 
interactions, consultation with a pharmacist experienced in managing ritonavir-
related interactions may be helpful. 

In patients with moderate renal impairment (eGFR ≥30 to <60 mL/min), the dose 
should be reduced to 150 mg nirmatrelvir (one 150 mg tablet) and 100 mg ritonavir 
(one 100 mg tablet) taken together twice daily for five days. Nirmatrelvir/ritonavir is 
not recommended in patients with severe renal impairment (eGFR <30 mL/min) or 
who require dialysis. 

Nirmatrelvir/ritonavir may be considered for the treatment of pregnant patients with 
mild COVID-19 who otherwise meet the criteria outlined for mildly ill patients There 
is a lack of data on nirmatrelvir/ritonavir use in pregnant patients; however, there 
is extensive experience with ritonavir use in pregnant patients living with HIV. If a 
pregnant patient fits the risk profile to potentially derive benefit from nirmatrelvir/
ritonavir, the risks and benefits of initiating treatment should be discussed with 
the patient. Care of pregnant patients with COVID-19 should be managed by a 
multidisciplinary team with suitable expertise in the management of pregnancy.

Nirmatrelvir/ritonavir may be considered for lactating patients with mild COVID-19 
who otherwise meet the criteria outlined for mildly ill patients. There is a lack of data 
on nirmatrelvir/ritonavir use in lactating patients; however, based on studies in HIV, 
for which ritonavir is also used, it is known that ritonavir may be present in breast milk. 
If a lactating patient fits the risk profile to potentially derive benefit from nirmatrelvir/
ritonavir, the risks and benefits of initiating treatment should be discussed with the 
patient. We recommend advising the patient not to breastfeed for the duration of 
treatment and four days afterwards, during which time breast milk should be pumped 
and discarded.

Methods Used for This Science Brief
We searched PubMed, Google Scholar, the COVID-19 Rapid Evidence Reviews, the 
Joanna Briggs Institute’s COVID-19 Special Collection, LitCovid in PubMed, the Oxford 
COVID-19 Evidence Service, the World Health Organization’s Global Literature on 
Coronavirus Disease, and other COVID-19 specific resources listed by the Guidelines 
International Network and the McMaster Health Forum. We retrieved reports 
citing relevant articles through Google Scholar and clinicaltrials.gov, and reviewed 
references from identified articles for additional studies. We also retrieved drug 
approval submission documentation from Health Canada, the United States Food 
and Drug Administration, and the European Medicines Agency. The search was last 
updated on 16 February 2022.

We conducted our meta-analyses using STATA Release 16.0 software (StataCorp LLC, 
College Station, TX) using a Mantel-Haenszel fixed-effects model. 

http://www.covid19-sciencetable.ca/science-briefs
https://www.nccmt.ca/knowledge-repositories/covid-19-evidence-reviews
https://joannabriggs.org/covid-19
https://www.ncbi.nlm.nih.gov/research/coronavirus/
https://www.cebm.net/oxford-covid-19-evidence-service/
https://www.cebm.net/oxford-covid-19-evidence-service/
https://search.bvsalud.org/global-literature-on-novel-coronavirus-2019-ncov/
https://search.bvsalud.org/global-literature-on-novel-coronavirus-2019-ncov/
https://g-i-n.net/covid-19/covid-19-evidence-resources
https://g-i-n.net/covid-19/covid-19-evidence-resources
https://www.mcmasterforum.org/networks/covid-end/resources-to-support-decision-makers/guide-to-key-covid-19-evidence-sources
http://clinicaltrials.gov/
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*Update: The Ontario Science Table Drugs & Biologics Clinical Practice Guidelines 
Working Group has reviewed its definitions for COVID-19 disease severity. These 
definitions have always emphasized disease physiology and ventilatory support, as 
opposed to the setting in which care is delivered. Going forward, definitions for mild, 
moderate, and critically-ill disease will focus solely on the need for new oxygen or 
circulatory support and will not reference hospital admission status. These changes 
are reflected in the definitions below.

For therapeutic recommendations, we used the following definitions for severity:

Critically Ill

Patients requiring ventilatory and/or circulatory support, including high-flow nasal 
oxygen, non-invasive ventilation, invasive mechanical ventilation, or extracorporeal 
membrane oxygenation (ECMO). 

Moderately Ill

Patients newly requiring low-flow supplemental oxygen. 

Mildly Ill

Patients who do not require new or additional supplemental oxygen from their 
baseline status.

Further Definitions

Immunocompromised or Immunosuppressed Individuals

Examples of immunocompromised or immunosuppressed individuals include receipt 
of treatment for solid tumors and hematologic malignancies (including individuals 
with lymphoid malignancies who are being monitored without active treatment), 
receipt of solid-organ transplant and taking immunosuppressive therapy, receipt of 
chimeric antigen receptor (CAR)-T-cell or hematopoietic stem cell transplant (within 2 
years of transplantation or taking immunosuppression therapy), moderate or severe 
primary immunodeficiency (e.g., DiGeorge syndrome, Wiskott-Aldrich syndrome, 
common variable immunodeficiency, Good’s syndrome, hyper IgE syndrome), 
advanced or untreated HIV infection, active treatment with high-dose corticosteroids 
(i.e., ≥20 mg prednisone or equivalent per day when administered for ≥2 weeks), 
alkylating agents, antimetabolites, transplant-related immunosuppressive drugs, 
cancer chemotherapeutic agents classified as severely immunosuppressive, tumor-
necrosis factor (TNF) blockers, and other biologic agents that are immunosuppressive 
or immunomodulatory. These individuals should have a reasonable expectation for 
1-year survival prior to SARS-CoV-2 infection. 

Risk Factors

Risk factors include obesity (BMI ≥ 30), diabetes, heart disease, hypertension congestive 
heart failure. Chronic respiratory disease including cystic fibrosis, cerebral palsy, 
intellectual disability of any severity, sickle cell disease, moderate or severe kidney 
disease (eGFR <60 mL/min) and moderate or severe liver disease (e.g., Child Pugh 
Class B or C cirrhosis). Indigenous persons are also considered to be at increased risk 
of disease progression. If patients have, in the opinion of a physician, other important 
risk factors for disease progression beyond this list that merit the use of specific drugs 
or therapeutics, these should be clearly documented at the time of administration.
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