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• PRISMA diagram / study attrition is shown in Figure 1; studies were primarily retrospective 
using claims databases (e.g., TriNetX), or integrated health systems (e.g., Veterans Affairs)

• Most (n=22, 92%) were exclusively a US population; half explicitly reported on a 
predominantly Omicron period (n=12, 50%).

• Of the studies included, n=4 reported results by age; n=5 by vaccination status, and n=1 by 
immunocompromised status; these studies and characteristics are shown in Table 2.

• The adjusted and standardized risk for each outcome are shown in Table 3.

DATA EXTRACTION ELEMENTS

• Baseline patient population and study characteristics were extracted from each study, along 
with the following key elements:

o Study measures: observed risk (adjusted and non-adjusted), relative risk, absolute 
risk, hazard ratio, or odds ratio

o Study arms: treatment received, whether the arms were matched, and dosing of 
medication, if applicable.

o Subgroup status: age, COVID-19 vaccination status, and immunocompromised 
status. 

CALCULATIONS & ANALYSES

• Untreated risk of hospitalization, death, and hospitalization or death outcomes were 
estimated using 3 approaches: 1) observed risk, 2) within-study adjusted risk, and 3) 
adjusted and standardized estimate.

• Observed risk: observed untreated risk as reported.

• Within-study adjusted risk: calculated within each study using NMV/r as a reference.

• Adjusted and standardized risk: estimated using the relative risk reduction (RRR) of 0.796 
for all-cause hospitalization or death reported in Lewnard 2023.7

o The adjusted and standardized risk estimate was as:

𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝐸𝑣𝑒𝑛𝑡 𝑅𝑎𝑡𝑒 =  
𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 𝑒𝑣𝑒𝑛𝑡 𝑟𝑎𝑡𝑒

1 − 𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑟𝑖𝑠𝑘 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛
=

0.70%

1 − 0.796
= 3.43%

o The Lewnard study followed the EPIC-HR trial design most closely, thus best 
approximating a high-risk target population in a real-world setting.

o A relative risk reduction (RRR) of 0.796 for NMV/r versus untreated patients 
(hospitalization or death within 30 days of SARS-CoV-2 infection) was reported in this 
unselected population.

o This RRR was applied across studies to calculate standardized estimates of 
untreated event risks for all-cause hospitalization and hospitalization or death.

• Nirmatrelvir/ritonavir (NMV/r) was EMA approved in January 2022 and 
FDA-approved in May 2023 as the first oral antiviral for the treatment of 
mild-to-moderate COVID-19 in adults at high risk for progression to severe 
acute COVID-19, including hospitalization or death.1,2

• Interpretation of published real-world untreated risks of hospitalization or 
death is challenging due to:

• Heterogeneity in study design, population, methods, and definition of 
“high-risk” populations

• Lack of accounting for inherent differences in treated vs. untreated 
patient populations in observational studies

• To date, no study has systematically reviewed the published real-world 
untreated risks of hospitalization or death in key high-risk subgroup 
populations in the Omicron variant era.

• Understanding the real-world untreated risk of hospitalization or 
death in high-risk patients is crucial for the development of patient 
treatment plans and value assessment of NMV/r and interventions.

Untreated risk of hospitalization and death in high-risk subgroups of a 
nirmatrelvir/ritonavir treatment-eligible population with mild-to-moderate COVID-19 

in the United States: a systematic literature review

• To systematically characterize the untreated risk of 
hospitalization and death in real-world US clinical practice 
among key subgroups of patients at high-risk for 
progression to severe COVID-19 during the Omicron era 
as reported in the literature.

OVERVIEW

• A systematic literature review was conducted using PubMed, Embase, MedRxiv, SSRN, 
relevant conference abstracts and grey literature to identify real-world evidence studies. 

• A multi-step screening and review process implemented key selection criteria in Table 1.
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INCLUSIONTOPIC

• December 21, 2021 – January 30, 2024 Publication 
Date

• US population at high-risk of COVID-19 progression as defined by the Centers for 
Disease Control and Prevention (CDC) as eligible for treatment.3 

 Adult and pediatric outpatients (12 years of age and older) diagnosed with mild-to-
moderate COVID-19 who are at high or increased risk for progression to severe 
acute COVID-19, including hospitalization and death. 

 A positive PCR test was not required to be included.
• Subgroups of interest were age (<50, 50+ years, 65+ years), vaccination status 

(full, boosted, partial, none), and immunocompromised (IC) status (yes, no).
• Studies reporting exclusively on a special population (e.g., patients with IBD, cancer 

patients, pregnancy, etc.) were excluded

Population

Nirmatrelvir/ritonavir (NMV/r)Intervention

• No treatment
• Best supportive care or standard of care

Comparison

Primary:
• Incidence of short-term (28-30 days) hospitalization (COVID-19 specific and all cause)
Secondary:
• 28-30 day all-cause hospitalization or death
• 28-30 day all-cause death

Outcomes

Studies reporting data from the Omicron period or laterTime

• Case/clinical series reports (n per arm ≥30)
• Cross-sectional studies
• Database analyses
• Observational studies (prospective and retrospective)
• Registry analyses
• Peer-reviewed publications (including Letters to Editor with outcome data)
• Preprints posted within the prior 6 months (included descriptively)
• Congress abstracts or posters
• Randomized controlled trials were excluded.

Study Type
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TABLE 1. KEY SELECTION CRITERIA

OutcomesSubgroupsStudy PeriodGeographyStudy TypeData SourceAuthor Year

Hospitalization

Age <50 years
Age 50+ years
Vaccination – Full
Vaccination – Partial
Vaccination – None 

Apr 2022 - Aug 2022USSingle cohortCosmosShah 20234

Hospitalization 
or Death

Vaccination – Full
Vaccination – Partial
Vaccination – None 

Jan 2022 - Nov 2022USMatched cohortVAXie 20235

Hospitalization 
or Death

Age 50+ yearsJan 2022 - Jul 2022
US – Massachusetts 
/ Southern NH

Unmatched 
cohort

MGH Health
Dryden-Petersen 
20236

Hospitalization 
or Death

Vaccination – Full 
Vaccination – Partial 

Apr 2022 - Oct 2022
US - Southern 
California

Matched cohort
Kaiser Permanente 
SoCal (KPSC)

Lewnard 20237

Hospitalization 
or Death

Vaccination – Full
Vaccination – Boosted
Vaccination – Partial 

Jan 2022 - Feb 2023USMatched cohort
VA COVID-19 Shared 
Data - primary

Butt 20248

Hospitalization 
or Death

Vaccination – Full
Vaccination – Partial

Jun 2022 - Oct 2022US - Western USMatched cohortBanner Cerner-EHRAl-Obaidi 20239

DeathAge 50+ yearsApr 2022 - Feb 2023US - Cleveland, OHMatched cohortCleveland ClinicLin 202310

TABLE 2. STUDY CHARACTERISTICS AND OUTCOMES INCLUDED

FIGURE 1. PRISMA DIAGRAM AND STUDY ATTRITION

Records identified through 
database searches

21 Dec 2021 – 16 Jan 2024

Embase (n = 933)
MedRxiv (n = 24) 
PubMed (n = 353)

Title/abstract screening
(n = 1023)

Full text eligibility screening
(n = 191)

Studies included in 
review
(n = 24)

Records excluded 
(n = 167)

Records excluded 
(n = 834)

Duplicate records 
removed (n = 287)

Articles sought for retrieval
(n = 191)

Records identified through 
other sources

21 Dec 2021 – 16 Jan 2024

(n = 2)

Studies With Subgroups of Interest (n = 7)
age (n=4), vaccination status (n=5), 

IC status (n=1)

FIGURE 2. ADJUSTED AND STANDARDIZED RISK BY SUBGROUP

High-risk subgroups (older age, IC 
status, and unvaccinated) are more 
likely to experience either 
hospitalization or death.

The composite risk of hospitalization 
or death was highest among those 
aged >60 (19.1%) and IC (12.3%).

Understanding these risks among key 
untreated subgroups contextualizes 
the value of current antivirals and 
guides patient care planning.
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0.1%, 0.5%, 2.0%, 
2.4%, 3.2%

––14.4%5.9%Vaccinated - Partial

15.5%5.8%, 5.9%3.2%––––Vaccinated - Boosted

0.5%, 2.6%, 9.3%, 
16.1%

0.8%, 3.0%, 5.1%, 
5.8%
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––8.7%3.6%Vaccinated - Full
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3.4%0.6%0.7%––––Not IC

TABLE 3. RISK OF EACH OUTCOME AT 30 DAYS BY SUBGROUP 

KEY: Adj – adjusted; A + S – adjusted and standardized; IC – immunocompromised; Obs – observed 

• This review was limited to studies that reported subgroups 
of interest as a component of a study in the overall high-
risk COVID-19 population. This underrepresents the full 
subgroup literature and must be viewed as hypothesis 
generating.

• Studies were heterogeneous in design and population 
which could not be fully adjusted for given the small 
number of studies included, thus results are reported 
descriptively and must be interpreted with caution.

• Further evaluation of the broader literature of the 
untreated risk of hospitalization and death in high-risk 
sub-populations is therefore warranted.

LIMITATIONS

For untreated patients at high-risk for 
progression to severe acute COVID-19:

• Hospitalization risk was highest among 
o Older patients (age ≥ 65: 21.5%) and immunocompromised 

patients (36.5%) regardless of vaccination status
o Unvaccinated patients (23.6%)

• Risk of death (adjusted and standardized) was 5.3x higher 
among older patients (age ≥ 65: 1.6%) than those aged 12-64 
years (0.3%).

†

† - not reported and insufficient data reported in study to calculate

†


