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ABSTRACT

Ritonavir is a potent inhibitor of the cytochrome 
P450 3A4 enzyme and is commonly used as a 
pharmacokinetic (PK) enhancer in antiviral 
therapies because it increases bioavailability of 
concomitantly administered antivirals. Decades 
of experience with ritonavir-enhanced HIV ther-
apies and, more recently, COVID-19 therapies 
demonstrate that boosting doses of ritonavir are 
well tolerated, with an established safety profile. 
The mechanisms of PK enhancement by ritona-
vir result in the potential for drug–drug interac-
tions (DDIs) with several classes of drugs, thus 

making co-medication management an impor-
tant consideration with enhanced antiviral ther-
apies. However, rates of DDIs with contraindi-
cated medications are low, suggesting these risks 
are manageable by infectious disease specialists 
who have experience with the use of PK enhanc-
ers. In this review, we provide an overview of 
ritonavir’s mechanisms of action and describe 
approaches and resources available to mitigate 
adverse events and manage concomitant medi-
cation in both chronic and short-term settings.
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Key Summary Points 

Ritonavir is a protease inhibitor that is fre-
quently used as a pharmacokinetic booster 
because it inhibits cytochrome P450 3A4 
(CYP3A4).

Ritonavir-enhanced nirmatrelvir (nirmatrel-
vir/ritonavir) has been approved for short-
term treatment of COVID-19.

Drug–drug interactions may occur when nir-
matrelvir/ritonavir is concomitantly adminis-
tered, primarily due to ritonavir.

Straightforward strategies, such as dose 
modification and monitoring, may allow nir-
matrelvir/ritonavir to be used and potential 
drug–drug interactions to be mitigated.

INTRODUCTION

Ritonavir (Norvir®; AbbVie Inc., Chicago, IL, 
USA) was originally approved in 1996 as an 
antiretroviral therapy against human immuno-
deficiency virus (HIV)–1 [1]. Although it dem-
onstrated powerful antiviral effects as a pro-
tease inhibitor [2], it is more commonly used 
as a pharmacokinetic (PK) enhancer in HIV 
and other therapies [3] because of its potent 
inhibition of the cytochrome P450 (CYP) 3A4 
(CYP3A4) enzyme [4–6], which mediates oxida-
tive metabolism of many drugs in vivo [7]. This 
inhibition increases the half-life of concomi-
tantly administered drugs [8, 9], thereby increas-
ing bioavailability and essentially lowering the 
required effective dose and dosing frequency of 
the coadministered drug [3, 10, 11]. In Decem-
ber 2021, nirmatrelvir coadministered with rito-
navir as a PK enhancer (nirmatrelvir/ritonavir; 
Paxlovid™; Pfizer Inc, New York, NY, USA) [12] 
became the first oral antiviral treatment for 
COVID-19 granted emergency use authorization 
by the US Food and Drug Administration (FDA) 
[13]; full approval was granted in May 2023 [14].

When using ritonavir for PK enhancement in 
other treatment combinations, co-medication 
management to address potential drug–drug 

interactions (DDIs) is an important considera-
tion with enhanced antiviral therapies because 
of ritonavir’s inhibition of CYP3A4 [15, 16] and 
because ritonavir is known to interact with a 
number of other enzymes via inhibition or 
induction [1, 15, 17, 18]. Nirmatrelvir/ritonavir 
is commonly prescribed by general practitioners 
and pharmacists, some of whom may not have 
had a great deal of experience managing DDIs 
associated with ritonavir, but more than two 
decades of experience by infectious disease spe-
cialists in the HIV therapeutic area support the 
capacity for safe coadministration of ritonavir 
as a PK enhancer. Here we provide an overview 
of ritonavir’s mechanisms of action along with 
approaches and resources available to mitigate 
adverse events (AEs) and manage concomitant 
medication. This article is based on previously 
conducted studies and does not contain any new 
studies with human participants or animals con-
ducted by any of the authors.

RITONAVIR MECHANISMS OF 
ACTION

Ritonavir exhibits three distinct mechanisms of 
action. Its initial intended use as a monotherapy 
HIV-1 protease inhibitor [19] occurs by binding 
to the active site of the HIV-1 protease, thus 
inhibiting its proteolytic activity and cleavage 
of Gag and Gag-Pol polyproteins into mature, 
functional proteins [1, 20]. Additionally, ritona-
vir inhibits several metabolic enzymes and trans-
porters, including CYP3A4/5, P-glycoprotein, 
organic anion-transporting polypeptide 1B1 
(OATP1B1), and, to a lesser extent and at higher 
concentrations (600 mg twice daily), CYP2D6 
[1, 4–6, 15, 17, 18, 21, 22]. Most notable among 
these is the inhibition of CYP3A4/5 because 30% 
of clinically used drugs are primarily metabo-
lized by this enzyme [7]. Because ritonavir 
results in irreversible inhibition of CYP3A4, new 
enzymes need to be synthesized to reverse its 
effects, thus causing a drug interaction by affect-
ing the clearance and increasing the half-life 
and therapeutic efficacy of CYP3A4 substrates 
[6]. The maximum CYP3A inhibitory activity of 
ritonavir has been observed 48 h after treatment 
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initiation with 300-mg twice-daily dosing [23]. 
CYP3A activity started to recover 2 days after 
treatment discontinuation, but was only 27% of 
baseline levels after 3 days [23]; however, recent 
modeling suggests that > 80% of CYP3A4 inhibi-
tion resolves within 3 days after stopping ritona-
vir treatment [24].

Several mechanisms have been proposed to 
describe the irreversible inhibition of CYP3A4 
by ritonavir, including formation of a complex 
between a metabolic intermediate of ritonavir 
and the heme iron of the enzyme, tight bind-
ing between unchanged ritonavir and the heme 
iron, destruction of the heme iron, and covalent 
bonding between the CYP3A polypeptide and a 
reactive intermediate of ritonavir [6]. It is pos-
sible, particularly given the large size and flex-
ibility of the CYP3A4 active site, that all of these 
mechanisms are involved [6]. Finally, ritonavir 
also acts as an inducer of many drug metabo-
lizing enzymes, including CYP3A, CYP1A2, 
CYP2B6, CYP2C9, CYP2C19, and uridine 
5’-diphospho-glucuronosyltransferase (UGT) [1, 
3]. This is accomplished through the activation 
of pregnane X receptor (PXR), a nuclear recep-
tor that promotes transcription of many genes, 
including those in the CYP and UGT families 
[8, 25], via a combination of hydrophobic inter-
actions and hydrogen bonds between ritonavir 
and the PXR active site [26].

RITONAVIR CLINICAL PROFILE: 
INITIAL APPROVAL TO TREAT 
HIV AND SUBSEQUENT 
IDENTIFICATION AS A 
PHARMACOKINETIC ENHANCER

Ritonavir was initially approved in 1996 by the 
FDA as a treatment for HIV-1 infection because it 
inhibits the viral protease [1]. Although ritonavir 
was effective, 33% of patients receiving 600 mg 
twice daily discontinued due to intolerance [27], 
resulting in it being relegated to a second-line 
therapy [10]. However, it was subsequently dis-
covered that because ritonavir inhibited CYP3A-
mediated oxidative metabolism, coadministra-
tion led to increased bioavailability and longer 

half-lives of antiretroviral (or concomitantly 
administered) drugs through their decreased 
metabolism, thus leading to ritonavir’s use as 
a PK enhancer in HIV treatments [8, 9, 28–31]. 
A benefit of using ritonavir-enhanced therapies 
rather than unenhanced therapies was that low 
doses of ritonavir (100–200 mg once or twice 
daily) could be used. This was associated with 
improved tolerability while increasing the bio-
availability (and therefore lowering the required 
effective dose) of the coadministered drug [10, 
12, 18] and still reducing HIV viral load and 
improving immunologic parameters [32–34]. 
Ritonavir-enhanced therapies are also associated 
with reduced costs because lower levels of the 
coadministered drug are required [3]. For exam-
ple, lopinavir/ritonavir became the first cofor-
mulated combination [11], further reducing the 
pill burden.

SAFETY EXPERIENCE 
WITH LONG‑TERM 
RITONAVIR‑ENHANCED ANTIVIRAL 
THERAPY FOR HIV

Decades of experience with ritonavir-enhanced 
treatment regimens have established that it is 
well tolerated, with an established safety pro-
file. Since being clinically established as a PK 
enhancer [29, 35, 36], ritonavir has consistently 
been included in combination therapies for indi-
viduals with HIV [37] and is still recommended 
as a PK enhancer in initial antiretroviral regi-
mens [38]. Ritonavir’s most frequently reported 
AEs are gastrointestinal-related events (including 
nausea, vomiting, abdominal pain, or diarrhea), 
neurologic disturbances (including paresthesia, 
dysgeusia, and dizziness), rash, and fatigue [1, 
30, 39–41]. Overall, however, the rates of AEs 
associated with treatment are low; real-world 
data reflect this in HIV combination therapies 
[39, 41–43].

The same mechanism that allows ritonavir 
to be successfully used as a PK enhancer also 
allows potential drug–drug interactions (DDIs) 
with many classes of drugs [8, 16]. However, 
use of contraindicated medications is low [44, 
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45], suggesting infectious disease specialists are 
able to navigate these risks. Assessing the effects 
of concomitant medications and standard AE/
laboratory abnormality monitoring is routine 
among healthcare providers treating individu-
als with HIV [30]. This is especially important 
because multimorbidity and polypharmacy are 
more prevalent in this population compared 
with those without HIV [46]. Approaches taken 
to help mitigate AEs and DDIs include dose 
adjustment or titration of concomitant medi-
cations or changing medications [30, 38, 47]. 
Because hepatitis B and hepatitis C virus infec-
tions can frequently be found in individuals 
with HIV [48], healthcare providers may need to 
assess if pathways/proteins affected by coinfec-
tion are also affected by ritonavir to determine 
if an increased risk of AE exists.

SAFETY EXPERIENCE 
WITH SHORT‑TERM 
RITONAVIR‑ENHANCED ANTIVIRAL 
THERAPY FOR COVID‑19

Recently, a ritonavir PK-enhanced regimen was 
approved for short-term (5-day) antiviral treat-
ment of COVID-19 [12]. Nirmatrelvir/ritonavir 
is approved for the treatment of individuals with 
mild to moderate COVID-19 who are at high risk 
of progression to severe disease and is strongly 
recommended by the World Health Organiza-
tion in this population [49, 50]. Approval was 
based on results from the Evaluation of Protease 
Inhibition for COVID-19 in High-Risk Patients 
(EPIC-HR) phase 2/3 study (NCT04960202), 
which demonstrated an 89% relative risk reduc-
tion of COVID-19–associated hospitalization 
or death when twice-daily treatment for 5 days 
starting within 5 days of symptom onset [12, 
51]. Supportive, but statistically nonsignificant, 
findings were observed in a subsequent phase 
2/3, placebo-controlled study (NCT05011513) 
in nonhospitalized adults with COVID-19 at 
standard risk of developing severe disease that 
included a cohort of individuals vaccinated 
against COVID-19 who had ≥ 1 risk factor for 
progressing to severe illness [52]. In the high-risk 

vaccinated cohort of this study, clinical benefit 
was observed among those who received nir-
matrelvir/ritonavir versus placebo, but the study 
was not designed to detect statistically signifi-
cant differences in subpopulations. A pooled 
analysis of unvaccinated high-risk participants 
in EPIC-HR and the high-risk vaccinated partici-
pants in the subsequent phase 2/3 study showed 
a statistically significant 83% relative risk reduc-
tion associated with nirmatrelvir/ritonavir com-
pared with placebo for COVID-19–related hos-
pitalization or any-cause death within 28 days 
[53]; notably, COVID-19 cases reported in this 
study included confirmed Omicron infections 
[52]. To date, nirmatrelvir/ritonavir has not 
shown statistically significant clinical benefit 
in a standard risk population. Real-word studies 
support the tolerability of nirmatrelvir/ritonavir, 
and the safety profile is similar to that of rito-
navir PK-enhanced HIV treatments [54–60]. The 
overall rates of AEs associated with nirmatrel-
vir/ritonavir use in real-world studies have been 
generally low (< 20%) [54, 56, 57], although 
one study reported rates of approximately 50% 
[55]. Among most of these studies, the most fre-
quently reported AE was dysgeusia, accounting 
for 8–85% of all events [54–56, 58]. Additional 
care may be warranted when ritonavir is used 
in certain populations. For example, although 
ritonavir can be safely used without dose adjust-
ment in those with mild to moderate hepatic 
impairment (Child–Pugh Classification Class B) 
or mild renal impairment (estimated glomerular 
filtration rate [eGFR] 60 to < 90 ml/min), it is not 
recommended for those with severe hepatic or 
renal impairment (eGFR < 30 ml/min) due to the 
lack of PK and safety data for this population [1]. 
However, several studies have demonstrated low 
rates of AEs even in special populations treated 
with nirmatrelvir/ritonavir, such as those with 
impaired kidney function, immunosuppressive 
disorders, or children with hematologic diseases 
(leukemia, aplastic anemia) [61–63].
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SHORT‑TERM CO‑MEDICATION 
MANAGEMENT WITH 
RITONAVIR‑ENHANCED ANTIVIRAL 
THERAPY

Key differences for ritonavir PK-enhanced anti-
viral treatment in patients with COVID-19 ver-
sus treatment for people living with HIV are the 
short-term duration of treatment and broader 
target population, which is more likely to 
receive prescriptions from general practitioners 
or pharmacists. Individuals with mild to moder-
ate COVID-19 who are considered to be at high 
risk for progression to severe disease, as defined 
by the Centers for Disease Control and Preven-
tion, are eligible for treatment with nirmatrel-
vir/ritonavir [12, 64]. Approximately one in five 
individuals globally falls into this category [65], 
with older age and certain underlying condi-
tions (e.g., cardiovascular disease, obesity, and 
diabetes) being associated with an increased 
risk of severe outcomes from COVID-19 [64, 
66–69]. Individuals with multiple comorbidi-
ties are also associated with severe illness [64]. 
These individuals may be more likely to be on 
medications for their conditions, potentially 
putting them at risk for DDIs if they receive nir-
matrelvir/ritonavir. Drug–drug interactions with 
nirmatrelvir/ritonavir are expected to primarily 
be due to ritonavir [70]. Proactive management 
of concomitant medications requires consider-
ing the contribution of ritonavir’s mechanisms 
of action to DDIs and adherence to labeled con-
traindications. Boxed warnings on the regula-
tory labels for both ritonavir and nirmatrelvir/
ritonavir note the potential for serious or signifi-
cant interactions [1, 12], and health bodies such 
as the WHO recommend that clinicians review 
all medications an individual is taking and nir-
matrelvir/ritonavir should be avoided in those 
with possible dangerous DDIs [50]. For example, 
ritonavir is contraindicated with potent CYP3A 
inducers and drugs highly dependent on CYP3A 
for clearance, and dose reductions may be neces-
sary when used with other protease inhibitors 
(i.e., atazanavir, darunavir, fosamprenavir, saqui-
navir, and tipranavir) [1, 12]. The nirmatrelvir/
ritonavir prescribing label notes that individuals 

receiving a ritonavir- or cobicistat-containing 
HIV regimen could continue their treatment as 
indicated, but should be monitored for increased 
nirmatrelvir/ritonavir or protease inhibitor AEs 
[12]. Additionally, therapeutic concentration 
monitoring is recommended in patients receiv-
ing immunosuppressive drugs, such as tacroli-
mus; concomitant treatment should be avoided 
if monitoring is not possible, [1, 12] because 
coadministration is associated with a risk for 
decreased clearance that can lead to adverse 
outcomes [71–78]. However, strategies to man-
age these interactions have been described for 
both long-term and short-term treatments [75, 
77, 79–82]. Because many commonly prescribed 
medications among individuals who received or 
could receive nirmatrelvir/ritonavir for COVID-
19 are not likely to cause a DDI with ritonavir 
[83–85], most patients will not require complex 
co-medication management, especially for a 
short course of treatment for COVID-19.

Several real-world studies emphasize the 
importance of vigilance on the part of practi-
tioners prescribing nirmatrelvir/ritonavir con-
currently with other treatments; however, the 
overall rates and severity of DDIs among dif-
ferent populations imply a generous margin 
of safety. Among claims analyses and pharma-
covigilance reports, 13–75% of individuals with 
COVID-19 who received nirmatrelvir/ritonavir 
were expected to be at risk for or experienced 
DDIs [60, 85–88]. The highest rate of DDIs 
was reported in a retrospective analysis of 60 
patients (n = 55 with ≥ 2 risk factors for progres-
sion to severe disease) who received nirmatrel-
vir/ritonavir from clinical pharmacists, with 101 
DDIs among 45 patients (75%), with 36 patients 
(60%) having ≥ 1 significant interaction [86]. In 
the available literature, it is notable that prob-
lematic DDIs generally arise in a limited subset 
of nirmatrelvir/ritonavir recipients. In a sur-
vey of the French pharmacovigilance database 
that included 12,179 individuals who received 
nirmatrelvir/ritonavir in 2022, only 30 (13%) 
reports of DDIs were identified from 228 selected 
reports. The most frequently reported DDIs were 
with immunosuppressants (tacrolimus and ciclo-
sporin) and anticoagulants; only 20 reports (9%) 
were considered serious [60]. Methemoglobine-
mia related to a dapsone hydroxylamine and 
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ritonavir DDI as well as bradycardia associated 
with anti-hypersensitive drugs were reported. A 
retrospective analysis of claims data from Ger-
man statutory health insurance from 2018–2019 
reported that approximately 44% of individuals 
were at risk for potential DDIs with nirmatrel-
vir/ritonavir, with 31–32% receiving contrain-
dicated medications and 12–13% receiving 
medications that would require monitoring or 
dose adjustments [87]. A cross-sectional study 
using US electronic health records from the 
National COVID Cohort Collaborative Enclave 
reported that only about 16% of individuals 
taking nirmatrelvir/ritonavir were at risk for 
a potential moderate-to-severe DDI [89]. An 
analysis of pharmacy databases and electronic 
health records among individuals who tested 
positive for SARS-CoV-2 at the Chelsea and 
Westminster Hospital in London revealed that 
11% received drugs with interactions that would 
have precluded coadministration [88]. Several 
of the real-world studies above report that 60% 
of interactions may be addressed through miti-
gation strategies, with only about one-third of 
nirmatrelvir/ritonavir recipients estimated to 
be at risk for potential exposure to contraindi-
cated medications or major DDIs [60, 85, 86]. 
In fact, among the top 100 drugs most likely 
to be prescribed to US adults who are eligible 
for nirmatrelvir/ritonavir treatment due to high 
risk of progression to severe COVID-19, the vast 
majority (70%) are not expected to cause DDIs 
with nirmatrelvir/ritonavir [83].

CONSIDERATIONS AND TOOLS 
FOR EFFECTIVE SHORT‑TERM 
CO‑MEDICATION MANAGEMENT 
WITH RITONAVIR‑ENHANCED 
ANTIVIRAL THERAPY

Approximately 39 million people globally were 
living with HIV in 2022, and an additional 30 
million were accessing retroviral therapy [65]. 
In 2020, it was estimated that more than 1.7 bil-
lion people, or about 22% of the global popula-
tion, had at least one underlying condition (e.g., 
age or underlying health condition) that put 

them at risk for developing severe disease due 
to COVID-19 [90]. Individuals eligible to receive 
nirmatrelvir/ritonavir to treat COVID-19 can 
obtain a prescription from a general practitioner 
or pharmacist. Infectious disease specialists in 
the HIV therapeutic area may be more familiar 
with and have more experience managing DDIs 
due to ritonavir, whereas general healthcare 
providers who prescribe nirmatrelvir/ritona-
vir to patients with COVID-19 at high risk of 
severe outcomes may not be as familiar assessing 
ritonavir-associated DDIs and may require guid-
ance and education regarding co-medication 
management. Regulatory labels are the primary 
resource regarding potential interactions with 
nirmatrelvir/ritonavir and provide information 
on potential DDIs. Additional resources, such as 
the National Institutes of Health (NIH) COVID-
19 Treatment Guidelines [91], are available to 
help general practitioners evaluate and man-
age concomitant medications when prescrib-
ing nirmatrelvir/ritonavir. Additional resources 
with specific guidance for nirmatrelvir/ritonavir 
DDIs include the NIH DDI list [92], the Ontario 
COVID-19 Science Advisory DDI table [93], and 
the University of Liverpool COVID-19 Drug 
Interactions Checker [94] (Table 1).

The NIH DDI list summarizes selected com-
monly prescribed outpatient medications 
grouped by the expectation of having no 
clinically relevant interactions with ritonavir-
enhanced nirmatrelvir versus having clinically 
relevant interactions specific for a 5-day treat-
ment course. For the latter, the medications are 
further classified as those that should be avoided 
(i.e., an alternate COVID-19 therapy should be 
prescribed), be temporarily withheld (if clini-
cally appropriate), have the dose or dosing 
interval adjusted, or be continued with moni-
toring. The Ontario COVID-19 Science Advi-
sory DDI table [93] provides recommendations 
for selected medications based on whether the 
drug is classified into one of the following sever-
ity categories: contraindicated, contraindicated 
(has been used within the past 14 days), should 
not be coadministered, should be used with cau-
tion, and drug interaction is not likely to be clin-
ically relevant. General recommendations based 
on the potential interaction severity as well as 
specific recommendations for individual drugs 
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are provided as well as information regarding 
potential effects of coadministration on drug 
levels and other PK parameters. The Univer-
sity of Liverpool COVID-19 Drug Interactions 
Checker [94–96] provides four caution levels: 
red, which means do not coadminister; amber, 
which indicates potential interaction that may 
be manageable with dose adjustment and/or 
requiring close monitoring; yellow, which indi-
cates a potential interaction that is likely to be 
of weak intensity, with additional monitoring 
and/or dose adjustments not likely to be needed; 
and green, which indicates no clinically signifi-
cant interaction is expected). It also provides an 
overview regarding the potential mechanism 
for interaction and potential adverse outcomes 
if coadministered. A notice as to whether the 
drugs can be concomitantly administered and 
whether any dose alterations are recommended 
is included.

Other publicly available prescriber-targeted 
tools include the Paxlovid Patient Eligibility 

Screening Checklist Tool for Prescribers [97] 
and the Drug Interaction resource on the Pfizer 
Medical Information portal [98]. The former 
supports clinical decision making through a 
patient checklist for the prescriber to follow 
that includes questions regarding risk factors 
associated with progression to severe COVID-
19, history of renal or hepatic impairment, 
and concomitant medications and provides a 
selected list of drugs that are contraindicated or 
should be avoided with nirmatrelvir/ritonavir 
unless dose adjustments or monitoring is pos-
sible [97]. The Drug Interaction resource on the 
Pfizer Medical Information portal describes how 
coadministration may affect bioavailability and 
offers recommendations for dose adjustments or 
contraindications [98].

The published literature also reports on spe-
cific drug classes and commonly prescribed 
drugs with the potential for DDIs with ritona-
vir [16, 24, 99–105]. In the recent analysis by 
Gerhart et al. of the potential for DDIs with the 

Table 1  Suggested DDI categories from the US National Institutes of Health DDI list [92], the Ontario COVID-19  
Science Advisory DDI Table [93], and The University of Liverpool COVID-19 Drug Interactions Checker [94]

DDI drug–drug interaction

Tool Categorizations and/or recommendations

US National Institutes of Health DDI list Not expected to have clinically relevant interactions with nirmatrelvir/
ritonavir

Continue with monitoring
Adjust dose or dosing interval
Temporarily withhold (if clinically appropriate)
Avoid (i.e., prescribe an alternate COVID-19 therapy)

Ontario COVID-19 Science Advisory DDI Table Drug interaction not likely to be clinically relevant
Caution
Do not coadminister
Contraindicated (used within past 14 days)
Contraindicated

The University of Liverpool COVID-19 Drug 
Interactions Checker

Green, potential interactions are manageable with counseling, are weak 
interactions, or no interactions are expected

Yellow, potential interaction is likely to be of weak intensity, additional 
monitoring and/or dose adjustments are unlikely to be required

Amber, potential interaction that may be manageable with dose adjust-
ment and/or close monitoring required

Red, do not coadminister
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top 100 drugs prescribed in the United States 
to adults who are eligible for nirmatrelvir/rito-
navir treatment for COVID-19, the most com-
mon classes of drugs expected to interact with 
the antiviral regimen included corticosteroids, 
narcotic analgesics, anticoagulants, and statins; 
among the top 10 most commonly prescribed 
drugs, only four have potential for DDI, all of 
which can be managed through monitoring or 
dose modification of the coadministered drug 
[83]. If DDIs are not specifically identified within 
the regulator labels or available tools, the pre-
scriber/healthcare professional may need to 
assess drug metabolism pathways for potentially 
relevant interactions with nirmatrelvir/ritonavir 
and determine the clinical relevance of the inter-
action (if expected) [83].

It should be noted, enhancer-free antiviral 
therapies for short-term treatment of COVID-
19 are currently in clinical trials and include 
protease inhibitors (PF-07817883, ensitrelvir, 
RAY1216, pomotrelvir), deuterated remdesivir 
hydrobromide (VV116), a microtubule disrup-
tor (sabizabulin), guanosine nucleotide analog 
double prodrug RNA polymerase inhibitor 
(bemnifosbuvir), and designed ankyrin repeat 
protein (ensovibep) [106–117]. Depending on 
demonstration of antiviral efficacy, safety, and 
tolerability of these new putative therapies, such 
enhancer-free drugs may eventually mitigate 
some of the challenges associated with co-med-
ication management, presuming the new thera-
pies do not themselves perpetrate major DDIs.

CONCLUSIONS

Ritonavir has been available as an HIV therapy 
or PK enhancer to other antiviral agents for 
decades and has a well-characterized safety 
profile. Ritonavir-enhanced treatments allow 
for lower doses of the concomitantly admin-
istered drugs due to increased bioavailability, 
improved dosing schedules, reduced pill bur-
den, and lower costs. The same mechanism by 
which ritonavir acts as a PK enhancer to increase 
the bioavailability of antivirals for an effective 
and well-tolerated regimen is also responsible 
for potentially triggering DDIs. Because of the 

extensive experience with ritonavir, several 
tools and approaches exist to help healthcare 
providers identify and mitigate potential DDIs. 
Approaches to co-medication management vary 
depending on the coadministered therapy the 
patient is receiving and its associated risk for 
interaction. During short-term antiviral treat-
ment in adults with mild to moderate COVID-
19 at high risk of progression to severe diseases, 
many commonly prescribed drugs likely to be 
taken by antiviral-eligible patients having lit-
tle to no potential interaction with ritonavir-
enhanced nirmatrelvir, and those that do have 
potential for DDIs are mostly manageable with 
straightforward and routine approaches, such 
as increased monitoring or dose modification. 
When prescribed correctly, and with the proper 
consideration for concomitant medications, 
ritonavir-enhanced antiviral regimens are safe 
and manageable.
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