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Abstract
Nirmatrelvir plus ritonavir (Paxlovid™; Pfizer) is a co-packaged combination of nirmatrelvir and ritonavir tablets, intended 
for co-administration and developed for the treatment and post-exposure prophylaxis of coronavirus disease 2019 (COVID-
19). Nirmatrelvir is a peptidomimetic inhibitor of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
main protease, while ritonavir is a human immunodeficiency virus type 1 (HIV-1) protease inhibitor and CYP3A inhibitor. 
Nirmatrelvir plus ritonavir received its first conditional authorization in December 2021 in the United Kingdom, for the 
treatment of COVID-19 in adults who do not require supplemental oxygen and who are at increased risk for progression to 
severe COVID-19. In January 2022, nirmatrelvir plus ritonavir received authorization in the EU for use in the same indica-
tion. Nirmatrelvir plus ritonavir is authorized for emergency use in the USA. This article summarizes the milestones in the 
development of nirmatrelvir plus ritonavir leading to its first authorizations and approval for the treatment of COVID-19.

This profile has been extracted and modified from the AdisInsight 
database. AdisInsight tracks drug development worldwide through 
the entire development process, from discovery, through pre-
clinical and clinical studies to market launch and beyond.
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1 Introduction

Nirmatrelvir plus ritonavir (Paxlovid™) is an antiviral 
therapeutic being developed by Pfizer for the treatment 
and post-exposure prophylaxis of coronavirus disease 2019 
(COVID-19), the global pandemic caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) [1–3]. 
While effective COVID-19 vaccines have been developed 
and authorized worldwide at an unprecedented pace [4, 5], 
individuals who do become infected currently face limited 
treatment options. In order to prevent their progression to 
hospitalization or death, there is an urgent need for oral anti-
viral agents specifically developed for effectiveness against 
SARS-CoV-2 [6, 7]. The non-structural SARS-CoV-2 main 
protease (Mpro) is a promising biological target, in that it is 
highly conserved in coronaviruses (unlike the spike struc-
tural protein, for which the mutation rate is high). It also 
plays an integral role in viral replication, cleaving polypro-
teins to produce shorter, non-structural proteins that are vital 
to the replication process [6, 7]. Nirmatrelvir, identified as 
a potent SARS-CoV-2 Mpro inhibitor [6], represents one of 
the first orally available antiviral treatments for COVID-19 
[8]. It is intended for co-administration with a low dose of 
ritonavir, with which it is co-packaged [9, 10]. Ritonavir, a 
CYP3A inhibitor, slows the metabolism of nirmatrelvir so 
that nirmatrelvir is of maximal therapeutic benefit [9, 10].

On 22 December 2021, nirmatrelvir plus ritonavir 
received an emergency use authorization in the USA for 
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Received its first emergency use authorization on 22 
December 2021 in the USA, for the treatment of mild-
to-moderate COVID-19 in adults and pediatric patients 
(≥ 12 years of age and weighing ≥ 40 kg) at increased 
risk for progression to severe COVID-19

Received its first conditional authorization on 31 Decem-
ber 2021 in the UK, for the treatment of COVID-19 in 
adults who do not require supplemental oxygen and are 
at increased risk for progression to severe COVID-19

Received conditional authorization in the EU on 
28 January 2022
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Phase II/III trials in treatment of symptomatic COVID-19
Phase II/III trial in post-exposure prophylaxis of SARS-CoV-2 infection

Feb 2021 Apr 2021 Jun 2021 Aug 2021 Oct 2021 Dec 2021 Feb 2022 Apr 2022

EPIC-PEP (NCT05047601)

EPIC-HR (NCT04960202)
EPIC-SR (NCT05011513)

EUA for treatment of COVID-19 in USA (Dec)

Phase I trials initiated (Feb)

Approved for treatment of COVID-19 
in Canada (Jan)

Conditionally authorized for treatment of 
COVID-19 in United Kingdom (Dec)

Preregistration for treatment of COVID-19 in USA, UK, 
South Korea, Australia, New Zealand and EU (Nov/Dec)

Conditionally authorized for treatment 
of COVID-19 in EU (Jan)

Positive CHMP opinion for treatment 
of COVID-19 in EU (Jan)

Provisionally authorized for treatment 
of COVID-19 in Australia (Jan)

EUA for treatment of COVID-19 in 
South Korea (Dec)

Special Approval for Emergency for 
treatment of COVID-19 in Japan (Feb)

Est. Apr 2022
Est. Apr 2022

Est. May 2022

Key milestones in the development of nirmatrelvir plus ritonavir. CHMP Committee for Medicinal Products for Human Use, COVID-19 corona-
virus disease 2019, EUA emergency use authorization, SARS-CoV-2 severe acute respiratory syndrome coronavirus 2

Chemical structure of nirmatrelvir

the treatment of mild-to-moderate COVID-19 in adults and 
pediatric patients (≥ 12 years of age weighing ≥ 40 kg) with 
positive results of direct SARS-CoV-2 viral testing, and who 
are at high risk for progression to severe COVID-19 (includ-
ing hospitalization or death) [9, 11]. Nirmatrelvir plus rito-
navir subsequently received authorizations in the United 
Kingdom (31 December 2021), Australia (20 January 2022), 
and the EU (28 January 2022) for the treatment of COVID-
19 in adults who do not require supplemental oxygen and 
who are at increased risk for progressing to severe COVID-
19 [10, 12–15]. In these regions, nirmatrelvir plus ritonavir 
has been authorized under conditional (or provisional [15]) 
approval schemes [10, 13]; further data on nirmatrelvir plus 
ritonavir are awaited by the regulatory agencies. In Janu-
ary 2022, nirmatrelvir plus ritonavir was also approved in 
Canada, for the treatment of mild-to-moderate COVID-19 
in adults with positive results of direct SARS-CoV-2 viral 
testing and who are at high risk for progression to severe 
COVID-19 [16, 17].
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The recommended dosage of nirmatrelvir plus ritonavir 
is nirmatrelvir 300 mg (administered as two 150 mg tab-
lets) with ritonavir 100 mg (one 100 mg tablet) [9, 10, 13, 
16]. All three tablets should be taken together orally, twice 
daily for 5 days; clinicians must advise their patients to 
complete the full 5-day treatment course. A dosage reduc-
tion to nirmatrelvir 150 mg with ritonavir 100 mg twice 
daily for 5 days is required in patients with moderate kidney 
dysfunction (eGFR ≥ 30 to < 60 mL/min). Treatment with 
nirmatrelvir plus ritonavir should be initiated as soon as pos-
sible after COVID-19 has been diagnosed and within 5 days 
of symptom onset [9, 10, 13, 16].

Nirmatrelvir plus ritonavir is contraindicated in patients 
with a history of clinically significant hypersensitivity reac-
tions to nirmatrelvir, ritonavir, or any other components 
of the product (EU and USA labeling [9, 10]). Due to its 
pharmacokinetic properties (Sect. 2.2), nirmatrelvir plus 
ritonavir is also contraindicated in patients receiving drugs 
that are highly dependent on CYP3A for clearance and for 
which elevated concentrations are associated with serious 
and/or life-threatening reactions (including, but not limited 
to, alfuzosin, pethidine, ranolazine, lurasidone, ergotamine, 
simvastatin, and triazolam), or receiving potent CYP3A 
inducers where significant reductions in nirmatrelvir plus 
ritonavir plasma concentrations may result in potential loss 
of virologic response and possible resistance. Nirmatrelvir 
plus ritonavir cannot be commenced immediately after the 
discontinuation of certain CYP3A inducers (e.g. apaluta-
mide, carbamazepine, phenobarbital, phenytoin, rifampin, 
St. John’s Wort), due to their delayed offset [9, 10]. As of 
yet, there are no data on the efficacy and safety of nirmatrel-
vir plus ritonavir in pediatric patients < 18 years of age [9, 
10, 13, 16].

Ongoing phase II/III clinical trials are continuing to col-
lect data on nirmatrelvir plus ritonavir in the treatment of 
COVID-19 (Sect. 2.5). In addition, nirmatrelvir plus ritona-
vir is being investigated in the post-exposure prophylaxis of 
SARS-CoV-2 infection.

1.1  Company Agreements

Pfizer has entered into agreements to supply nirmatrelvir 
plus ritonavir to the governments of various countries, 
including, but not limited to, the United Kingdom (2.75 
million treatment courses), the USA (20 million treatment 
courses) and Canada (1 million treatment courses in 2022) 
[17–20].

In November 2021, Pfizer announced the signing of a 
voluntary license agreement with the Medicines Patent Pool 
(MPP) for Pfizer’s oral antiviral COVID-19 treatment can-
didate PF 07321332 (nirmatrelvir), administered in combi-
nation with low-dose ritonavir [21]. Under the head license 
agreement terms, qualified manufacturers of generic medi-
cines that are granted sub-licenses will be able to supply 
nirmatrelvir plus ritonavir to 95 countries (up to ≈ 53% of 
the global population). These countries include all low- and 
lower-middle-income countries, as well as some upper-mid-
dle-income countries within Africa and countries that have 
recently transitioned from lower-middle to upper-middle-
income status. In addition to not receiving royalties on sales 
in low-income countries, Pfizer will also waive royalties on 
sales in other countries covered by this agreement for as long 
as the World Health Organization classifies COVID-19 as 
a Public Health Emergency of International Concern [21].

2  Scientific Summary

2.1  Pharmacodynamics

Nirmatrelvir binds directly to the SARS-CoV-2 Mpro (also 
referred to as 3C-like protease or nsp5 protease) active site, 
selectively and reversibly inhibiting SARS-CoV-2 Mpro 
activity [inhibition constant (Ki) value 3.1 nM and half-
maximal inhibitory concentration  (IC50) value 19.2 nM in 
a biochemical assay] [6, 10, 16]. As a result of this inhibi-
tion, the protein is unable to process polyprotein precursors 
and viral replication is thus prevented [10, 16]. While rito-
navir is a human immunodeficiency virus type 1 (HIV-1) 
protease inhibitor, it has no activity against SARS-CoV-2 
Mpro. Ritonavir increases nirmatrelvir concentrations in the 
plasma through inhibiting the metabolism of nirmatrelvir 
(Sect. 2.2) [10, 16].

Nirmatrelvir demonstrated antiviral activity against 
SARS-CoV-2 infection of differentiated normal human bron-
chial epithelial (dNHBE) cells treated with varying doses of 
nirmatrelvir for 3 days [half-maximal effective concentration 
 (EC50) and  EC90 values 61.8 nM and 181 nM] [6, 10, 16]. 
In accordance with the target protein of nirmatrelvir being 
highly conserved, the potency of nirmatrelvir against cur-
rent variants of SARS-CoV-2 is similar to that against wild-
type SARS-CoV-2 [22, 23]. Nirmatrelvir had consistent cell 
culture antiviral activity (median  EC50 values ≤ 0.28 μM 
and < 3-fold relative to GHB-03021/2020) against isolates 
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belonging to the Alpha (B.1.1.7), Beta (B.1.351), Gamma 
(P.1), Delta (B.1.617.2), and Omicron (B.1.1.529) SARS-
CoV-2 variants of concern [22].

There are currently no data on antiviral resistance to 
nirmatrelvir with SARS-CoV-2 [10, 16]. The impact of 
naturally occurring SARS-CoV-2 Mpro polymorphisms 
(of unknown clinical significance) on nirmatrelvir activity 
has been characterized in a biochemical assay using recom-
binant Mpro [16]. Certain amino acid substitutions were 
associated with reduced activity (G15S, H164N, H172Y, 
and Q189K; 4- to 233-fold reductions). G15S is found in 
the Lambda variant of SARS-CoV-2, which nirmatrelvir 
retained potency against in cell culture. Based on limited 
SARS-CoV-2 sequencing data characterizing resistance 
to nirmatrelvir in clinical trials, the SARS-CoV-2 Mpro 
substitutions A260V or A260T (n = 3 and 1, respectively) 
emerged in 4% (4/97) of evaluable nirmatrelvir plus ritonavir 
recipients in the phase II/III EPIC-HR trial (Sect. 2.3). These 
polymorphisms naturally occur infrequently in publicly 
available SARS-CoV-2 sequences, as of December 2021. 
The A260V substitution did not reduce nirmatrelvir activity 
in a biochemical assay (fold-change < 1). Cross-resistance 
between nirmatrelvir and remdesivir or anti-SARS-CoV-2 
monoclonal antibodies is not expected, as their mechanisms 
of action differ [16].

While nirmatrelvir does not appear to affect the QT inter-
val based on the non-clinical and clinical data collected thus 
far, QT prolongation in humans has not been fully investi-
gated [16].

2.2  Pharmacokinetics

Ritonavir, a CYP3A inhibitor, acts as a pharmacokinetic 
enhancer, increasing the systemic exposure of nirmatrelvir 
and prolonging its half-life when the agents are administered 
together [9]. Following repeated twice-daily oral adminis-
tration of nirmatrelvir plus ritonavir (75 mg + 100 mg, 250 
mg + 100 mg, and 500 mg + 100 mg), the increase in sys-
temic exposure of nirmatrelvir plus ritonavir appears to be 
less than dose proportional at steady state [9, 10]. Steady 
state was achieved on day 2 (accumulation ≈ 2-fold). After 
a single dose of nirmatrelvir 300 mg plus ritonavir 100 mg 
in healthy subjects, the median times to peak concentrations 
of nirmatrelvir and ritonavir were 3.00 h and 3.98 h, respec-
tively. Administration of nirmatrelvir plus ritonavir with a 
high-fat meal modestly increased nirmatrelvir exposure rela-
tive to fasting conditions; nirmatrelvir plus ritonavir can be 
administered with or without food [9, 10]. In human plasma, 
nirmatrelvir has a protein binding rate of ≈ 69% and ritona-
vir has a rate of ≈ 98–99% [10].

Features and properties of nirmatrelvir plus ritonavir

Alternative names Nirmatrelvir [PF-07321332] tablets and ritonavir tablets; nirmatrelvir plus ritonavir - Pfizer; 
nirmatrelvir+ritonavir - Pfizer; PAXLOVID; PF 07321332 plus ritonavir - Pfizer; PF 07321332+rito-
navir - Pfizer; PF-07321332/ritonavir

Class Amides; amines; antivirals; aza compounds; carbamates; fluorinated hydrocarbons; heterocyclic bicyclo 
compounds; nitriles; pyrrolidinones; small molecules; thiazoles

Mechanism of action Coronavirus-3C-like-proteinase inhibitors (nirmatrelvir); HIV protease inhibitors (ritonavir)
Route of administration Oral
Pharmacodynamics Nirmatrelvir: Binds directly to SARS-CoV-2 main protease active site; inhibits SARS-CoV-2 main 

protease, rendering it unable to process polyprotein precursors and consequently preventing viral repli-
cation

Ritonavir: Inhibits CYP3A-mediated metabolism of nirmatrelvir, thus increasing plasma concentrations 
of nirmatrelvir; not active against SARS-CoV-2 main protease

Pharmacokinetics Ritonavir increases systemic concentrations and half-life of nirmatrelvir; half-life of nirmatrelvir ≈ 6 h 
when administered with ritonavir

Adverse events Dysgeusia, diarrhea, hypertension, myalgia
ATC codes
 WHO ATC code J05 (Antivirals for Systemic Use)
 EphMRA ATC code J5 (Antivirals for Systemic Use)

Chemical name (1R,2S,5S)-N-[(1S)-1-cyano-2-[(3S)-2-oxopyrrolidin-3-yl]ethyl]-3-[(2S)-3,3-dimethyl-2-[(2,2,2-
trifluoroacetyl)amino]butanoyl]-6,6-dimethyl-3-azabicyclo[3.1.0]hexane-2-carboxamide/1,3-thiazol-
5-ylmethyl N-[(2S,3S,5S)-3-hydroxy-5-[[(2S)-3-methyl-2-[[methyl-[(2-propan-2-yl-1,3-thiazol-4-yl)
methyl]carbamoyl]amino]butanoyl]amino]-1,6-diphenylhexan-2-yl]carbamate

SARS-CoV-2 severe acute respiratory syndrome coronavirus 2
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Based on in vitro studies, nirmatrelvir is chiefly metab-
olized by CYP3A4 [10]. The metabolism of nirmatrelvir 
is inhibited by the concomitant administration of ritona-
vir. Ritonavir is in turn primarily metabolized by CYP3A 
(CYP2D6 is a minor pathway which contributes to the for-
mation of M-2, an oxidation metabolite). Nirmatrelvir is pri-
marily eliminated via renal excretion (with ≈ 50% and 35% 
of a 300 mg dose recovered in the urine and feces), mainly 
as unchanged drug. Ritonavir is primarily eliminated via the 
hepatobiliary system (≈ 86% of a radiolabelled dose was 
recovered from stool, with some expected to be unabsorbed 
ritonavir). Both nirmatrelvir and ritonavir had arithmetic 
mean terminal elimination half-lives of 6.1 h [10].

The effects of age and sex on nirmatrelvir plus ritonavir 
pharmacokinetics have not been investigated [9, 10]. Com-
pared with those in healthy controls, nirmatrelvir maximum 
plasma concentrations and area under the plasma concen-
tration-time curves were respectively 30% and 24% higher 
in patients with mild (eGFR ≥ 60 to < 90 mL/min) kidney 
dysfunction, 38% and 87% higher in patients with moderate 
(eGFR ≥ 30 to < 60 mL/min) kidney dysfunction, and 48% 
and 204% higher in patients with severe (eGFR < 30 mL/
min) kidney dysfunction. A dose adjustment is required in 
patients with moderate kidney dysfunction (Sect. 1) and nir-
matrelvir plus ritonavir should not be used in patients with 
severe kidney dysfunction (including those with end-stage 
renal disease under hemodialysis). The pharmacokinetics 
of nirmatrelvir did not significantly differ between patients 
with moderate hepatic impairment and healthy controls. Nir-
matrelvir plus ritonavir has not been studied in patients with 
severe hepatic impairment and is not recommended for use 
in these patients [9, 10].

Clinically relevant pharmacokinetic drug-drug interac-
tions are possible when nirmatrelvir plus ritonavir is co-
administered with various other agents (e.g. CYP3A sub-
strates, inducers or inhibitors); certain contraindications 
apply (Sect. 1) [9, 10]. Local prescribing information should 
be consulted for further details.

2.3  Therapeutic Trials

Nirmatrelvir plus ritonavir was effective in reducing the risk 
of progression to severe COVID-19 in non-hospitalized, 
symptomatic adults (≥ 18 years) at high risk for progression 
to severe COVID-19 in the randomized, double-blind, pla-
cebo-controlled, phase II/III EPIC-HR trial (NCT04960202) 
[24]. To be eligible for enrolment in EPIC-HR, patients had 
laboratory-confirmed SARS-CoV-2 infection, COVID-19 
symptom onset ≤ 5 days prior to randomization, and at least 
one risk factor for progression to severe COVID-19. Risk 
factors included, but were not limited to, diabetes, chronic 
lung or kidney disease, cardiovascular disease, immuno-
suppression, hypertension, cancer, being overweight [body 
mass index (BMI) > 25 kg/m2], or being ≥ 60 years of age. 
Patients with prior COVID-19 infection or vaccination were 
excluded from EPIC-HR. Eligible patients were randomized 
(n = 2246 in a 1:1 ratio) to receive either nirmatrelvir 300 
mg plus ritonavir 100 mg or placebo administered orally 
every 12 h for 5 days. At baseline, patients had a median age 
of 46 years. The majority of patients were white (71.5%) and 
80.5% had a BMI > 25 kg/m2. Study treatment was initiated 
within 3 days of symptom onset in 66.3% of participants. 
At randomization, a minority of patients (6.2%) received or 
were expected to receive COVID-19 monoclonal antibody 
(mAb) treatment. The EPIC-HR modified intention-to-treat 
(mITT) population included all patients treated within 3 
days of symptom onset who, at baseline, did not receive nor 
were expected to receive COVID-19 mAb treatment [24]. 
In a planned interim analysis of data from 774 patients in 
mITT population (primary efficacy analysis), the incidence 
of COVID-19-related hospitalization or any-cause death 
through day 28 was significantly lower with nirmatrelvir 
plus ritonavir than with placebo (0.77% vs 7.01%) [differ-
ence −6.32%; 95% CI −9.04% to −3.59%; p < 0.001], cor-
responding to a relative risk reduction of 89.1% [10, 24].

Key clinical trials of nirmatrelvir plus ritonavir (Pfizer)

Drug(s) Indication Phase Status Location(s) Identifier
Nirmatrelvir plus ritonavir; 

placebo
Treatment of symp-

tomatic COVID-19 
(high-risk adults)

II/III Active, no 
longer recruit-
ing

Global EPIC-HR; NCT04960202; 
EudraCT2021-002895-38; C4671005

Nirmatrelvir plus ritonavir; 
placebo

Treatment of symp-
tomatic COVID-19 
(standard-risk adults)

II/III Active, no 
longer recruit-
ing

Global EPIC-SR; NCT05011513; 
EudraCT2021-002857-28; C4671002

Nirmatrelvir plus ritonavir; 
placebo

Post-exposure prophy-
laxis of SARS-CoV-2 
infection

II/III Recruiting Global EPIC-PEP; NCT05047601; 
EudraCT2021-002894-24; C4671006

COVID-19 coronavirus disease 2019, SARS-CoV-2 severe acute respiratory syndrome coronavirus 2
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Final efficacy results from EPIC-HR were consistent with 
those from the planned interim analysis [24]. In the full 
mITT population (n = 697 and 682 in the nirmatrelvir plus 
ritonavir and placebo groups, respectively), Kaplan-Meier 
estimated event rates for COVID-19-related hospitalization 
or any-cause death through day 28 were 0.72% with nir-
matrelvir plus ritonavir versus 6.53% with placebo (differ-
ence − 5.81%; 95% CI − 7.78 to − 3.84%; p < 0.001), cor-
responding to a relative risk reduction of 88.9%. In patients 
treated within 5 days of symptom onset who, at baseline, did 
not receive nor were expected to receive COVID-19 mAb 
treatment (mITT1 population; n = 1039 and 1046 in the 
nirmatrelvir plus ritonavir and placebo groups, respectively), 
nirmatrelvir plus ritonavir reduced the risk of COVID-19-re-
lated hospitalization or death from any cause through day 
28 by 87.8% relative to placebo; estimated event rates were 
0.78% versus 6.40% (difference − 5.62%; 95% CI −7.21 to 
− 4.03%; p < 0.001) [key secondary endpoint]. When data 
from all patients treated within 5 days of symptom onset 
(including those who received or were expected to receive 
mAb treatment) were analyzed, event rates were similar to 
those in the mITT and mITT1 populations. In the mITT1 
population, the efficacy of nirmatrelvir plus ritonavir was 
consistent across subgroups based on age (< 65 and ≥ 65 
years), sex, diabetes, BMI (< 25 kg/m2, 25 to < 30 kg/m2 
and ≥ 30 kg/m2), elapsed time from symptom onset at treat-
ment initiation (≤ 3 and > 3 days), and baseline SARS-
CoV-2 serology status (positive and negative). Compared 
with placebo, nirmatrelvir plus ritonavir was associated with 
a ≈ 0.9  log10 copies/mL greater decrease in viral RNA load 
at day 5 in evaluable mITT patients (p < 0.001), with a simi-
lar result seen in evaluable mITT1 patients [24].

Nirmatrelvir plus ritonavir did not significantly alleviate 
symptoms of COVID-19 relative to placebo in an interim 
analysis from the phase II/III EPIC-SR trial (NCT05011513) 
in a non-hospitalized, standard-risk population with labo-
ratory-confirmed SARS-CoV-2 infection [25]. EPIC-SR 
included both unvaccinated adults at standard risk of pro-
gressing to severe illness (and therefore at low risk of hos-
pitalization or death) and vaccinated adults with at least 
one risk factor for progressing. Patients were randomized to 
receive either nirmatrelvir plus ritonavir or placebo every 
12 h for 5 days. At the time of the interim analysis, enrol-
ment was at 45% of that planned. The primary endpoint of 
self-reported, sustained alleviation of all symptoms for four 
consecutive days with nirmatrelvir plus ritonavir versus pla-
cebo was not achieved. There was, however, a 70% reduc-
tion in hospitalization and a ≈ 10-fold decrease in viral load 
with nirmatrelvir plus ritonavir relative to placebo. In the 
nirmatrelvir plus ritonavir group, 0.6% of patients (2/333) 
were hospitalized following randomization and there were 
no deaths from any cause. In the placebo group, 2.4% of 

patients (8/329) were hospitalized with no deaths. A fol-
low-on analysis at 80% of planned enrollment was consist-
ent with the results from the interim analysis: 0.7% of nir-
matrelvir plus ritonavir recipients (3/428) were hospitalized 
following randomization, compared with 2.4% of placebo 
recipients (10/426; p = 0.051 for the between-group differ-
ence), with no deaths in either group [25].

2.4  Adverse Events

Based on limited safety data from the EPIC-HR trial, nir-
matrelvir plus ritonavir appears to be generally well-tol-
erated in adult patients with symptomatic SARS-CoV-2 
infection (n = 1109 and 1115 treated with at least one dose 
of nirmatrelvir 300 mg plus ritonavir 100 mg and placebo, 
respectively) [9, 16, 24]. Adverse events (reported while 
patients were receiving the study treatment and through day 
34) occurred in 22.6% of nirmatrelvir plus ritonavir recipi-
ents versus 23.9% of placebo recipients, and were mostly of 
mild to moderate severity [24]. The most common adverse 
events of any causality in nirmatrelvir plus ritonavir recipi-
ents (≥ 1% incidence and in ≥ 5 patients more than with pla-
cebo) were dysgeusia (6% vs < 1% with placebo), diarrhea 
(3% vs 2%), hypertension (1% vs < 1%), and myalgia (1% 
vs < 1%) [9, 16]. Adverse events considered to be related 
to the study drug occurred in 7.8% of nirmatrelvir plus rito-
navir recipients versus 3.8% of placebo recipients and, in 
nirmatrelvir plus ritonavir recipients, were most commonly 
dysgeusia (4.5% vs 0.2%) or diarrhea (1.3% vs 0.2%) [24]. 
Adverse events of any causality led to treatment discontinu-
ation in 2.1% of nirmatrelvir plus ritonavir recipients com-
pared with 4.2% of placebo recipients [24]. Serious adverse 
events were reported in 1.6% of nirmatrelvir plus ritonavir 
recipients versus 6.6% of placebo recipients, and did not 
led to death in any nirmatrelvir plus ritonavir recipient. In 
the EPIC-SR trial, the rates of treatment-emergent adverse 
events (22% with nirmatrelvir plus ritonavir vs 21% with 
placebo), serious adverse events (1.4% vs 1.9%) and adverse 
events leading to treatment discontinuation (2.1% vs 1.2%) 
were comparable between nirmatrelvir plus ritonavir and 
placebo recipients [25].

Given the limited clinical data available for nirmatrel-
vir plus ritonavir, it is possible that serious and unexpected 
adverse events that have not been previously reported may 
emerge with greater clinical experience [9, 16].

2.5  Ongoing Clinical Trials

The pivotal phase II/III EPIC-HR trial is currently ongoing, 
with an estimated end date of April 2022. The phase II/III 
EPIC-SR trial (comparing nirmatrelvir plus ritonavir and 
placebo in the treatment of non-hospitalized, symptomatic 
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adults with COVID-19 who are at low risk of progressing 
to severe illness) is also ongoing, while the phase II/III 
EPIC-PEP trial (evaluating the efficacy and safety of two 
nirmatrelvir plus ritonavir regimens in the prevention of 
symptomatic SARS-CoV-2 infection in the adult household 
contacts of individuals with SARS-CoV-2 infection) is still 
recruiting participants.

3  Current Status

Nirmatrelvir plus ritonavir received its first conditional 
authorization on 31 December 2021 for the treatment of 
COVID-19 in the United Kingdom [12]. Nirmatrelvir plus 
ritonavir has also been authorized for emergency use in the 
USA (December 2021) and more recently received a con-
ditional authorization in the EU (January 2022) [11, 14].

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40265- 022- 01692-5.
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