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Summary
Background Ritonavir-boosted Nirmatrelvir (NMV-r), a protease inhibitor with in vitro activity against SARS-CoV-2,
can reduce risk of progression to severe COVID-19 among high-risk individuals infected with earlier variants, but
less is known about its effectiveness against omicron variants BQ.1/BQ.1.1/XBB.1.5. We sought to evaluate
effectiveness of NMV-r in BQ.1/BQ.1.1/XBB.1.5 omicron variants by comparing hospitalisation rates to NMV-r
treated patients during a previous omicron phase and to contemporaneous untreated patients.

MethodsWe conducted a retrospective observational cohort study of non-hospitalised adult patients with SARS-CoV-2
infection using real-world data from three health systems in Colorado and Utah, and compared hospitalisation rates
in NMV-r-treated patients in a BA.2/BA.2.12.1/BA.4/BA.5 variant-predominant (first) phase (April 3, 2022–November
12, 2022), with a BQ.1/BQ.1.1/XBB.1.5 variant-predominant (second) phase (November 13, 2022–March 7, 2023). In
the primary analysis, we used Firth logistic regression with a two-segment (phase) linear time model, and pre-
specified non-inferiority bounds for the mean change between segments. In a pre-specified secondary analysis, we
inferred NMV-r effectiveness in a cohort of treated and untreated patients infected during the second phase. For
both analyses, the primary outcome was 28-day all-cause hospitalisation. Subgroup analyses assessed treatment
effect heterogeneity.

Findings In the primary analysis, 28-day all-cause hospitalisation rates in NMV-r treated patients in the second phase
(n = 12,061) were non-inferior compared to the first phase (n = 25,075) (198 [1.6%] vs. 345 [1.4%], adjusted odds ratio
(aOR): 0.76 [95% CI 0.54–1.06]), with consistent results among secondary endpoints and key subgroups. Secondary
cohort analyses revealed additional evidence for NMV-r effectiveness, with reduced 28-day hospitalisation rates
among treated patients compared to untreated patients during a BQ.1/BQ.1.1/XBB.1.5 predominant phase (198/
12,061 [1.6%] vs. 376/10,031 [3.7%], aOR 0.34 [95% CI 0.30–0.38), findings robust to additional sensitivity analyses.

Interpretation Real-world evidence from major US healthcare systems suggests ongoing NMV-r effectiveness in
preventing hospitalisation during a BQ.1/BQ.1.1/XBB.1.5-predominant phase in the U.S, supporting its continued
use in similar patient populations.
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Research in context

Evidence before this study
Nirmatrelvir-ritonavir (NMV-r), an oral antiviral for the
treatment of high-risk outpatients with COVID-19, has been
shown to lower the risk of hospitalisation, thereby improving
patient outcomes and decreasing the burden of COVID-19 on
the healthcare system. We searched PubMed for studies
published from inception to September 1, 2023, using the
search terms “Nirmatrelvir OR Paxlovid OR PF-07321332”
AND “SARS-COV-2 OR COVID-19” without language
restrictions. The pivotal study examining the safety and
effectiveness of nirmatrelvir-ritonavir was the EPIC-HR trial, in
which treatment initiation within five days of symptom onset
was associated with an 88% reduced risk of COVID-19-related
hospitalisation or death at 28 days. Since completion, several
real-world studies across the world have demonstrated similar
effectiveness of NMV-r against omicron variants including
BA.4/BA.5, contributing to the knowledge necessary for full
U.S. FDA and EMA approval of NMV-r for treating high-risk
outpatients acutely infected with SARS-CoV-2. Furthermore,
studies in Singapore and Malaysia demonstrated NMV-r
effectiveness in cohorts inclusive of BQ.1/BQ.1.1/XBB.1.5
omicron variants.

Added value of this study
To our knowledge, this is one of the first U.S.-based study to
examine the effectiveness of NMV-r in a cohort of non-

hospitalised patients that includes a BQ.1/BQ.1.1/XBB.1.5
omicron dominant phase, and the only U.S.-based study to
specifically evaluate NMV-r effectiveness during an exclusive
BQ.1/BQ.1.1/XBB.1.5 omicron phase. To navigate changes in
SARS-CoV-2 testing practices and high rates of test result
missingness, we pre-specified a comparison between NMV-r
treated patients across two omicron dominant phases.
Compared to matched NMV-r treated patients during a BA.2/
BA.2.12.1/BA.4/BA.5 omicron dominant phase, 28-day
hospitalisation rates were similar, a finding consistent across
most clinically important subgroups, indicating continued
NMV-r effectiveness against newer omicron variants. These
findings were supported by a secondary cohort comprised
only of patients infected during the BQ.1/BQ.1.1/XBB.1.5
omicron dominant phase, in which NMV-r treated patients
had much lower odds of 28-day hospitalisation as compared
to untreated controls.

Implications of all the available evidence
Current international guidelines recommend nirmatrelvir-
ritonavir for patients with non-severe COVID-19 at high risk
of hospitalisation or death. Our study of real-world use in
high-risk outpatients extends prior data by providing strong
associations of nirmatrelvir-ritonavir benefit during a BQ.1/
BQ.1.1/XBB.1.5 omicron dominant phase, including for
patients vaccinated with three or more doses.
Introduction
Continued infectivity by SARS-CoV-2 among suscepti-
ble individuals demonstrates a need for accessible
therapeutics that hasten recovery and attenuate the
burden on the health care system. Nirmatrelvir is an
orally bioavailable protease inhibitor with activity against
the main viral protease, MPRO, which is essential to
SARS-CoV-2 viral replication.1 Based on the favourable
results of the EPIC-HR trial that demonstrated an 89%
reduction in risk of progression in a predominantly
unvaccinated outpatient SARS-CoV-2-infected popula-
tion,2 Nirmatrelvir-ritonavir (NMV-r) was granted U.S.
Food and Drug Administration emergency use author-
isation (EUA) for the treatment of mild-to-moderate
COVID-19 in patients at high risk for progression to
severe COVID-19.3

Current SARS-CoV-2 infections are dominated by
omicron lineage variants that demonstrate high trans-
missibility and immune evasion, yet are generally
associated with decreased disease severity compared to
prior variants.4 NMV-r has demonstrated consistent
effectiveness against recent SARS-CoV-2 omicron vari-
ants, as evidenced by several observational studies.5–11

With recent full U.S. FDA and European Medicines
Agency (EMA) approval of NMV-r in high-risk out-
patients, the anticipated increase in NMV-r pre-
scriptions necessitates ongoing evaluation of its
effectiveness against the omicron variants that have
become dominant after BA.4/5 in the U.S.,12 notably for
BQ.1.1 and XBB.1.5 that have in vitro evidence of greater
immune-evasion capabilities than earlier omicron vari-
ants, though remain susceptible to NMV-r.13

Evaluation of antiviral treatment effectiveness in a
real-world setting is limited by a lack of SARS-CoV-2
home test result availability in health system EHRs,
previously resulting in more than 80% test result
missingness among patients prescribed antiviral thera-
pies.14 Coupled with a more recent trend for patients to
minimise even home testing or delay treatment initia-
tion from time of symptom,9,15 these factors make it
www.thelancet.com Vol 31 March, 2024
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challenging to accurately identify untreated patients,
introducing bias in interpretation of NMV-r effective-
ness in a cohort that includes untreated patients as a
control population. To address this limitation, we used a
real-world data platform from three health systems
across Colorado and Utah to conduct a non-inferiority
segmented time logistic regression analysis of a retro-
spective observational cohort limited only to NMV-r-
treated patients, to evaluate for possible reduction in
the effectiveness of NMV-r during a BQ.1/BQ.1.1/
XBB.1.5 variant-predominant phase compared to an
earlier omicron BA.2/BA.2.12.1/BA.4/BA.5 variant-
predominant phase.
Methods
Study design and participants
We conducted an observational cohort study as a
collaboration at the University of Colorado, University of
Colorado Health (UCHealth), Denver Health (DH),
Intermountain Health (IH), and the Colorado Depart-
ment of Public Health and Environment (CDPHE).14,16–19

The study was approved by the Colorado Multiple
Institutional Review Board with a waiver of informed
consent. We obtained data from the electronic health
record (EHR) at UCHealth, DH (Epic) and IH (Cerner)
using an enterprise-wide data warehouse, and merged it
with statewide data on vaccination status from the Col-
orado Comprehensive Immunization Information Sys-
tem and mortality from Colorado Vital Records. IH data
included statewide vaccination and mortality records.
This analysis conforms to STROBE reporting guidance
(Appendix 1, p 3 and 4).

The primary variable of interest was binary omicron
phase, justified by general acceptance of NMV-r effec-
tiveness against BA.5 and prior omicron subvariants,
allowing this prior phase to serve as an appropriate
comparator. Therefore, the primary analysis cohort was
limited to only patients treated with NMV-r in three
health systems (UCHealth, DH, IH), with full details
and justification stated at the pre-specified statistical
analysis plan (Appendix 2). For all patients we utilised a
1-day prior imputation strategy from the NMV-r order
date to the index date for SARS-CoV-2 positive test.14

Patients with an index date between April 3rd, 2022
and March 7th, 2023 were included in the initial cohort
(n = 99,672).

Procedures
The decision to receive antiviral treatment was made by
patients and clinicians, with NMV-r as preferred therapy
within 5 days of symptom onset. Based on Colorado and
Utah virus strain data, we considered patients with an
index date between April 3, 2022 and November 12,
2022 to be in the first phase (BA.2/BA.2.12.1/BA.4/BA.5
variant-predominant), and patients with an index date
between November 13, 2022 and March 7, 2023 to be in
www.thelancet.com Vol 31 March, 2024
the second phase (BQ.1/BQ.1.1/XBB.1.5 variant-
predominant). Variant-predominant phases were
defined by the date when publicly available sequencing
data indicated that greater than 50% of patients were
infected with the variants of interest (Appendix 1,
Figure S1 p 5 and 6).20,21

The main exclusion criteria were: 1) order or
administration of molnupiravir, or administration of
any other SARS-CoV-2 monoclonal antibody or antiviral
[including bamlanivimab, bebtelovimab,
casirivimab + imdevimab, sotrovimab, tixagevimab/cil-
gavimab (within 10 days of SARS-CoV-2 positive date),
or outpatient remdesivir] (n = 2852), 2) no orders for
NMV-r (n = 57,461), and 3) index date or NMV-r treat-
ment during hospital admission or NMV-r treatment at
hospital discharge (n = 97), resulting in 39,262 NMV-r
treated patients (Appendix 1, Table S1 p 11 and 12).
We retained patients who were hospitalised or died later
the same day as their index date, and patients who did
not have an EHR-recorded EUA-qualifying condition, as
not all criteria were consistently available, and subse-
quently varied these assumptions in pre-specified
sensitivity analyses.

• To investigate the possibility of imbalanced con-
founders between the two variant-dominant phases
in the primary cohort, we compared standardized
mean differences (SMDs) between phases for all
candidate variables. Because all SMDs were below the
prespecified threshold of 0.1, indicating adequate
balance, no balancing measures were applied to the
cohort prior to the primary analysis (Appendix 1,
Table S2, p 13).22 We removed any patients missing
important covariate data (n = 2120) and patients
outside of the common support (n = 6). After exclu-
sions, the final primary analysis cohort contained a
total of 37,136 patients (Appendix 1, Figure S2, p 7).

For a pre-specified secondary analysis aiming to infer
the effectiveness of NMV-r using an approach similar to
prior studies,14 we identified a secondary cohort that
included both NMV-r treated patients and untreated
patients limited only to the BQ.1/BQ.1.1/XBB.1.5
variant-predominant phase (November 13th, 2022–
March 7th, 2023), n = 23,634 (Appendix 1, Figure S3, p
8, Appendix Table S3, pp 14 and 15). An untreated pa-
tient was defined as having a positive SARS-CoV-2 test
in the EHR without an order for NMV-r or adminis-
tration of any other COVID-19 antiviral treatment. We
utilised the same imputation method for the index date
as we used in the primary analysis, as well a three-day
fixed difference.14

Variable definitions
Hospitalisation was defined as any inpatient or obser-
vation encounter documented in the EHR. We selected
the first hospitalisation that occurred the same day, or
3
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any day after the index date for NMV-r treated patients.
ED visits were defined as any visit to the ED, with or
without an associated inpatient or observation
encounter. For NMV-r treated patients, we selected the
first ED visit that occurred at least one day after the
NMV-r order date, given that NMV-r treatment was
often prescribed at the initial ED visit (and thus should
not be considered a treatment failure outcome). We
defined COVID-19 disease severity as the maximum
level of respiratory support received in the following
order from lowest to highest severity: no supplemental
oxygen, standard (nasal cannula/face mask) oxygen,
high-flow nasal cannula or non-invasive ventilation, and
invasive mechanical ventilation.21 In-hospital mortality
was the highest level of disease severity.

Covariates of interest included categorical age in
years, sex, race/ethnicity, insurance status, obesity sta-
tus, immunocompromised status, number of comorbid
conditions (excluding obesity, immunocompromised
status), three-level COVID-19 vaccination status (0, 1–2,
3+, administered prior to the observed or imputed
SARS-CoV-2 positive test), and health system defined as
before and in supplement.14,19

EHR evidence of comorbid conditions was based on
the Charlson and Elixhauser Comorbidity Indices, and
along with immunocompromised status (Appendix 1,
Table S4, pp.16).14,16 Obesity and immunocompromised
status were evaluated separately in the analysis from the
sum of other comorbid conditions.

Outcomes
The primary outcome was all-cause hospitalisation
within 28 days of the index date. COVID-19-related 28-
day hospitalisation was a secondary outcome, defined
as the presence of any of the following associated with
the index hospitalisation: COVID-19 ICD-10 code
(U07.1, J12.82, M35.81, Z20.822, M35.89), administra-
tion of inpatient remdesivir, or use of any supplemental
oxygen.14,18 The other reported secondary outcome was
28-day all-cause emergency department (ED) visits. Due
to low proportions and event rates, we presented only
descriptive statistics for 28-day all-cause mortality. In the
hospitalised subset, exploratory outcomes included
hospital length of stay (LOS), odds of ICU transfer,
disease severity based on maximum level of respiratory
support, and in-hospital mortality.

Statistical analysis
In the primary analysis, to evaluate differences in out-
comes among NMV-r treated patients in the two variant-
predominant omicron phases we fit a Firth’s logistic
regression to address estimation issues related to low
event rates and complete separation, using the R pack-
age logistf Version 1.24.23–25 Within this model, we
created a segmented linear model for time. Specifically,
we included continuous linear time and allowed both a
mean shift in the model between the BQ.1/BQ.1.1/
XBB.1.5 phase and prior omicron phase. We also
allowed the slope on time to change in the BQ.1/
BQ.1.1/XBB.1.5 phase compared to the prior omicron
phase. This model for time allowed us to test the hy-
pothesis that the impact of NMV-r on hospitalisation
rates was not inferior in the BQ.1/BQ.1.1/XBB.1.5
variant-predominant phase compared to the earlier
omicron variant phase, while accounting for indepen-
dent changes in hospitalisation that occurred over time.

We used a pre-defined power analysis that deter-
mined non-inferiority would be declared when the up-
per bound of the 90% confidence interval (CI) is less
than 1.33 for the intercept change to BQ.1/BQ.1.1/
XBB.1.5 in the segmented linear analysis (Appendix 2).
To be consistent with other clinical literature we present
the 95% CI bounds. If the upper bound of the 95% CI
was above 1.33 then we also present the 90% upper CI
to allow for correct interpretation of the non-inferiority
hypothesis. All models were adjusted for age, sex,
race/ethnicity, insurance status, obesity status, immu-
nocompromised status, number of additional comorbid
conditions, number of vaccinations, and health system.

We also fit a phase agnostic adjusted logistic
regression with B-splines to flexibly model the rela-
tionship between continuous days in the study and the
odds of hospitalisation. We tested a variety of different
numbers and locations based on percentiles of knots
and selected the best model based on a likelihood ratio
test (LRT) and parsimony. We then used this model to
visualize the flexible association between time and hos-
pitalisation and identify any large misspecification using
the time model described above (none were identified).

We estimated adjusted omicron phase effects for
seven subgroups of interest by fitting interaction models
that were also adjusted for all variables of interest. Each
model included an interaction between the subgroup of
interest and the binary phase term, which allowed us to
estimate several mean changes by subgroup. The sub-
groups of interest included binary age (<65 vs. ≥65),
binary obesity status, binary (yes vs. no) and three-level
immunocompromised status (no, mild, and moderate/
severe), binary number of comorbidities (0–1 vs. ≥2),
binary (0 vs. ≥1) and three-level vaccination status (0,
1–2, and ≥3), three-level race/ethnicity (non-Hispanic
White, Hispanic, non-Hispanic Black/other), and binary
sex (male, female).

We performed two pre-specified sensitivity analyses
in the primary analysis cohort. One analysis included
only patients with an observed SARS-CoV-2 positive test
that was used as the index date, and a second analysis
removed all patients who had their order for NMV-r
prescription on the same date as their first hospital-
isation. For both sensitivity analyses we refit the primary
28-day all-cause hospitalisation adjusted logistic regres-
sion model and conducted the non-inferiority hypothe-
sis testing. Post-hoc sensitivity analyses included (1)
excluding patients with renal disease, (2) replacing
www.thelancet.com Vol 31 March, 2024
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Characteristic BA.2/BA2.12.1/BA.4/BA.5
(n = 25,075)

BQ.1/BQ.1.1/XBB.1.5
(n = 12,061)

Age groupb

18–44 years 5832 (23.3%) 2655 (22.0%)

45–64 years 8451 (33.7%) 4063 (33.7%)

≥65 years 10,792 (43.0%) 5343 (44.3%)

Female sex 14,593 (58.2%) 7092 (58.8%)

Race/Ethnicity

Non-Hispanic white 20,675 (82.5%) 9732 (80.7%)

Hispanic 2619 (10.4%) 1461 (12.1%)

Non-Hispanic black 609 (2.4%) 294 (2.4%)

Other 1172 (4.7%) 574 (4.8%)

Insurance statusa,b

Private/Commercial 12,457 (49.7%) 5622 (46.6%)

Medicare 10,157 (40.5%) 5072 (42.1%)

Medicaid 1635 (6.5%) 949 (7.9%)

None/Uninsured 433 (1.7%) 240 (2.0%)

Other/Unknown 393 (1.6%) 178 (1.5%)

Immunocompromisedb

Mild 3250 (13.0%) 1754 (14.5%)

Moderate/Severe 3462 (13.8%) 1596 (13.2%)

Obeseb 7944 (31.7%) 3893 (32.3%)

Number of other comorbid conditions

One 7326 (29.2%) 3526 (29.2%)

Two or more 10,315 (41.1%) 5213 (43.2%)

Diabetes mellitus 4905 (19.6%) 2400 (19.9%)

Cardiovascular disease 5238 (20.9%) 2514 (20.8%)

Pulmonary disease 9087 (36.2%) 4655 (38.6%)

Renal disease 2260 (9.0%) 1021 (8.5%)

Hypertension 11,733 (46.8%) 5875 (48.7%)

Liver disease

Mild 3224 (12.9%) 1693 (14.0%)

Severe 155 (0.6%) 93 (0.8%)

Number of vaccinations prior to SARS-CoV-2+ dateb

0 4484 (17.9%) 2173 (18.0%)

1 1010 (4.0%) 440 (3.6%)

2 3744 (14.9%) 1683 (14.0%)

3+ 15,837 (63.2%) 7765 (64.4%)

Abbreviations: NMV-r, Nirmatrelvir-ritonavir. aPrivate/commercial insurance and Medicare collapsed for
multivariable models due to collinearity between age and Medicare insurance. bChecked for imbalance between
the two Omicron phases.

Table 1: Baseline characteristics by omicron phase for primary analytic cohort.

Articles
adjustment for number of vaccine doses with adjust-
ment for duration since last vaccine dose (unvaccinated,
0–3, 3–6, 6–9, and >9 months) (vaccine reparameteri-
zation), and (3) utilizing a stricter cut-off (80% presence
of dominant variants) to define cohort phases.

In pre-specified secondary analysis, we refit the pri-
mary adjusted Firth’s logistic regression model to a
cohort of NMV-r treated and untreated patients uniquely
from the second BQ.1/BQ.1.1/XBB.1.5 phase (Appendix
1, Table S3, p 14 and 15), and applied inverse probability
weighting (IPW) for treatment status after removing
patients with missing covariate data. Excluding patients
with an IPW outside of 0.1 and 0.9, the final sample size
n = 22,092 (Appendix 1, Table S5, p 17 and 18). We then
conducted complementary pre-specified sensitivity ana-
lyses on the secondary model: First, we limited the
cohort to only patients with EHR-derived data on EUA-
qualifying conditions (Appendix 1, Table S6, p 18)
(n = 20,398) (Appendix 1, Table S7, p 19 and 20). Sec-
ond, we selected only patients with an observed SARS-
CoV-2 positive test and used this as the index date,
subsequently removing patients with an index date not
in 11/13/22–3/7/23, and patients who had their SARS-
CoV-2 positive test while in the hospital (n = 13,182)
(Appendix 1, Table S8, p 21 and 22). For the third
sensitivity analysis, we removed patients with either an
observed SARS-CoV-2+ test or an NMV-r order date on
the same date as their first hospitalisation (n = 21,891)
(Appendix 1, Table S9, p 23 and 24). A post-hoc sec-
ondary analysis utilized IPW with a three-day index
imputation method for the treated population
(n = 21,972) (Appendix 1, Table S10, pp 25–26).

All statistical analyses were performed using R Sta-
tistical Software (version 3.6.0; R Foundation for Sta-
tistical Computing, Vienna, Austria).

Role of the funding source
The study funder had no role in study design, data
collection, analysis or interpretation, writing of the
report, or decision to submit for publication. The cor-
responding author had full access to all the data in the
study and had final responsibility for the decision to
submit for publication.

Results
Among 99,672 patients with a positive SARS-CoV-2 test
or treatment in the overall study period, 37,136 NMV-r
patients met study inclusion criteria, of which 12,061
patients had an index date during the latter Omicron
phase dominated by BQ.1/BQ.1.1/XBB.1.5 variants. 71
percent of patients (26,353/37,136) in the primary
cohort of NMV-r treated patients did not have an
observed SARS-CoV-2 test date. All patients had at least
28 days of follow-up. Baseline patient characteristics
between the two omicron phases were similar (Table 1),
and with all variables of interest having an SMD below
0.1 (Appendix 1, Table S2, p 13).
www.thelancet.com Vol 31 March, 2024
Among NMV-r treated patients, odds of hospital-
isation during the omicron BQ.1/BQ.1.1/XBB.1.5
variant-predominant second phase were not increased
(non-inferior) compared to the BA.2/BA.2.12.1/BA.4/
BA.5 variant-predominant first phase, adjusted odds
ratio (aOR) 0.76, with 95% upper confidence limit for
intercept change within the pre-specified range
(0.54–1.06). Over the entire study period, raw 28-day all-
cause hospitalisation rates (1.6% second phase vs. 1.4%
first phase (Table 2)) and odds of hospitalisation in the
segmented linear analysis (aOR = 1.00, p = 0.0019)
increased, but predominantly within first phase and not
during the comparator BQ.1/BQ.1.1/XBB.1.5 s phase
5
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Outcome BA.2/BA2.12.1/BA.4/BA.5 BQ.1/BQ.1.1/XBB.1.5 Adjusted OR (95% CI)

Overall sample size n = 25,075 n = 12,061

All-cause 28-day hospitalisation 345 (1.4%) 198 (1.6%) 0.76 (0.54–1.06b)

COVID-related 28-day Hospitalisationa 273 (1.1%) 164 (1.4%) 0.71 (0.49–1.03b)

All-cause 28-day ED visit 1103 (4.4%) 556 (4.6%) 1.00 (0.82–1.23b)

All-cause 28-day mortality 17 (0.1%) 14 (0.1%) –

Hospitalised sample size n = 345 n = 198

Hospital LOS, days, mean (SD) 3.7 (4.1) 3.8 (3.8) –

ICU level of care 44 (12.8%) 28 (13.1%) –

Max level of resp. support –

No oxygen 124 (35.9%) 57 (28.8%)

Standard oxygen 186 (53.9%) 117 (59.1%) –

HHFNC/NIV 25 (7.2%) 17 (8.6%) –

IMV 5 (1.4%) 3 (1.5%) –

Death 5 (1.4%) 4 (2.0%) –

Sensitivity analyses

Observed SARS-CoV-2+ test (n = 10,716) 220/7545 (2.9%) 122/3171 (3.8%) 0.77 (0.51–1.17b)

Exclude same-day hospitalisations (n = 37,059) 297/25,027 (1.2%) 169/12,032 (1.4%) 0.77 (0.53–1.10b)

Exclude patients with renal disease (n = 33,855) 261/22,815 (1.1%) 154/11,040 (1.4%) 0.79 (0.54–1.16b)

Vaccine reparameterization (n = 37,136) 345 (1.4%) 198 (1.6%) 0.80 (0.57–1.11b)

80% dominant variant cohort phases (n = 29,126) 299/22,250 (1.3%) 113/6876 (1.6%) 0.77 (0.51–1.16b)

All regression models adjusted for age, sex, race/ethnicity, obesity, immunocompromised status, number of comorbidities, insurance status, vaccination status, and health
system. Abbreviations: NMV-r, Nirmatrelvir-ritonavir; OR, odds ratio; CI, Confidence Interval; LOS, Length of Stay; ICU, Intensive Care Unit. aCOVID-related hospitalisation
was defined by presence of COVID-19 ICD-10 codes (U07.1, J12.82, M35.81, Z20.822, M35.89), administration of inpatient remdesivir, or use of supplemental oxygen.
bCompared to an a priori upper CI threshold of 1.33.

Table 2: Primary and secondary outcomes for NMV-r treatment for primary cohort and sensitivity analyses.
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(aOR = 1.00, p = 0.49) (Appendix 1, Table S11, p 27). An
adjusted spline curve plot further illustrates the slope
change during the first phase, followed by a plateau in
the log-odds of 28-day hospitalisation that persists
through the BQ.1/BQ.1.1/XBB.1.5 phase (Fig. 1).
Collectively, these data suggest that the odds of 28-day
hospitalisation in NMV-r-treated patients were similar
(within the pre-specified non-inferiority parameters) in
patients treated during the BQ.1/BQ.1.1/XBB.1.5
variant-predominant phase compared to those in the
earlier BA.2/BA.2.12.1/BA.4/BA.5 phase.

Within the primary cohort, 80.5% (437/543) of all
hospitalisations were deemed to be COVID-related
based on defined criteria,14,18 and the time effect vari-
able for COVID-related hospitalisations was similar to
the primary model (BQ.1/BQ.1.1/XBB.1.5 95% UCL
1.03, aOR 0.71) (Table 2). We observed a similar trend
for 28-day ED after NMV-r treatment (BQ.1/BQ.1.1/
XBB.1.5 95% UCL 1.23, aOR 1.00). Mortality rates and
higher levels of respiratory support (IMV, HHFNC)
were very low and nominally similar in both phases.
ICU admission rates (13.1% vs. 12.8%) and mean
hospital length of stay (3.8 vs. 3.7 days) among hos-
pitalised patients were also similar between in the
BQ.1/BQ.1.1/XBB.1.5 phase vs prior omicron phase,
and all in-hospital outcomes were reported using
descriptive statistics only due to very low event rates
(Table 2).
The phase effect was consistent across defined sub-
groups of interest, and no interaction p-values were
statistically significant (Appendix 1, Figure S5, p 10,
Appendix Table S12, p 28 and 29). Notably, estimates
among a three-level race/ethnicity subgroup were
similar to the overall primary cohort aOR (non-Hispanic
white aOR 0.75 (265/20,675, 1.28% vs. 143/9732,
1.47%), Hispanic aOR 0.84 (51/2619, 1.95% vs. 39/
1461, 2.67%), Non-Hispanic Black/other aOR 0.73 (29/
1781, 1.63% vs. 16/868, 1.84%)), as were the estimates
in a two-level sex subgroup (Female aOR 0.77 (209/
14,593, 1.43% vs. 122/7092 (1.72%), Male aOR 0.75
(136/10,482, 1.30% vs. 76/4969, 1.53%)). Both pre-
specified sensitivity analyses, evaluating only NMV-r
treated patients with observed SARS-CoV-2 positive
tests or excluding patients with hospitalisation the same
day as their index date, revealed ORs consistent with the
primary analysis (Table 2), with full demographic results
provided in the Appendix (Appendix 1, Tables S13 and
S14, p 30 and 31). Three post-hoc sensitivity analyses,
excluding patients with renal disease, vaccine repar-
ameterization based on time since last dose, or tight-
ening cohort phase criteria to 80% dominant variant
presence revealed ORs consistent with the primary
analysis (Table 2) with full demographic results pro-
vided (Appendix 1, Tables S15–S17), pp 32–34). Patients
excluded due to missing covariate data (2126/39,262
5.4% of the primary cohort) were similar in distribution
www.thelancet.com Vol 31 March, 2024

www.thelancet.com/digital-health


Fig. 1: Adjusted spline plot for time and log odds of 28-day all-cause hospitalisation. This figure is a result of the adjusted model that
includes a natural b-spline with 2 knots. The solid line represents the transition to infection by BQ.1/BQ.1.1/XBB.1.5 of at least 51% of patients
that served as the comparator group in the primary cohort. Each dashed line indicates when respective prior omicron phases had infected at
least 51% of patients.
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of demographic factors or co-morbid conditions, with
missingness mostly commonly due to race/ethnicity,
obesity, or number of other comorbid conditions vari-
able being unavailable; 28-day all-cause hospitalization
rates were similar when evaluating the primary analytic
cohort compared to the excluded cohort by omicron
phase (Appendix 1, Table S18), p 35.

All adjusted treatment estimates for the secondary
cohort during a BQ.1/BQ.1.1/XBB.1.5 predominant
phase provided evidence that there is a significant
reduction in the odds of 28-day hospitalisation for NMV-
r treated patients in comparison to untreated patients
(Appendix 1, Table S19, p 36). In the IPW analysis, the
aOR was 0.34 (p < 0.0001) with a NNT = 47 while
including the inverse treatment propensity weights in
the model. This result was consistent in the EUA-
eligible only analysis (treatment aOR = 0.33,
p < 0.0001, NNT = 38), the observed SARS-CoV-2 test
result only analysis (aOR = 0.70, p = 0.0010, NNT = 475),
excluding patients hospitalised on the same day as a
positive SARS-CoV-2 test or NMV-r order date
(aOR = 0.51, p < 0.0001, NNT = 150), and using IPW
with a three-day imputation method (aOR = 0.33,
p < 0.0001, NNT = 46) (Appendix 1, Table S19, pp 36).
Discussion
In a primary cohort of 37,136 NMV-r treated patients in
three health systems across Colorado and Utah, we
www.thelancet.com Vol 31 March, 2024
observed similar odds of 28-day all-cause hospitalisation
and 28-day COVID-related hospitalisation during a
BQ.1/BQ.1.1/XBB.1.5 predominant omicron phase as
compared to a BA.2/BA.2.12.1/BA.4/BA.5 predominant
omicron phase. These findings of continued NMV-r
effectiveness against newer omicron variants are sup-
ported by a secondary cohort only of patients infected
during a BQ.1/BQ.1.1/XBB.1.5 predominant phase that
revealed an IPW-calculated aOR of 0.34 for 28-day all-
cause hospitalisation among NMV-r treated patients as
compared to untreated patients. Supported by pre-
specified sensitivity analyses that help address limita-
tions in our study design, we believe these results are
among the first to suggest the effectiveness of NMV-r
among high-risk outpatients during a BQ.1/BQ.1.1/
XBB.1.5 predominant phase in the United States,11 and
are comparable to results derived from Singapore and
Malaysia cohorts inclusive of XBB-infected
participants.26,27

With real-world, contemporaneous data derived from
three health systems, including the largest in Colorado
and Utah, our findings that support continued effec-
tiveness of NMV-r among high-risk outpatients infected
with recent omicron variants are particularly important
in anticipation of increased NMV-r use following full
FDA authorisation and a seasonal uptick of infection
rates in the U.S, even though current hospitalisation
rates are low. Further, our results support evidence of
effective NMV-r neutralization of omicron variants
7
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in vitro, including against the XBB.1.5 variant that can
effectively evade immunity induced by mRNA vaccines
or natural infection but is still neutralised by a bivalent
vaccine (ancestral and BA.4/5).28,29

In our primary cohort, results were consistent across
subgroups of interest including age, comorbidities,
immunocompromised state, and vaccination status
(except perhaps the subgroup with one-two prior vaccine
doses). Notably, nearly two-thirds of patients in the
primary cohort had received three or more vaccine
doses, yet NMV-r appears to retain effectiveness in this
group even with exposure to newer omicron variants.
Yet, with evidence that vaccine effectiveness against
SARS-CoV-2 infection and symptomatic disease signif-
icantly wanes within six months,30 continued evaluation
of antiviral treatments against newer variants seems
critical as newer bivalent vaccines are in production.

Limitations
This study has a few noteworthy limitations. As in any
observational study, we cannot exclude residual and
unmeasured confounding. We attempted to minimise
confounding biases by adjusting for demographic and
clinical factors that might be associated with exposure
and outcomes of interest, and executed sensitivity ana-
lyses of treatment eligible study populations. Although
approximating U.S. state levels, the overall proportion of
non-Hispanic Blacks in our cohort is notably lower than
the proportion in the U.S. population, suggesting our
results are less generalizable to this important racial
subgroup. Symptom duration was not reliably available
in our EHR dataset so we are unable to confirm symp-
tom onset within 5 days among patients treated with
NMV-r, or recrudescence of symptoms after treatment.
Given the use of EHRs to report patient-level data, it is
also possible that treatment, as well as most outcomes,
may have occurred elsewhere leading to misclassifica-
tion – less of a concern for mortality since we have
statewide data available. Although we anticipate a
similar propensity for hospitalisation within the health
system between untreated and NMV-r treated patients,
if untreated patients were more likely to be hospitalised
outside this health system, or if patients prescribed
NMV-r did not fill the medication or took less than all 5
days of prescribed treatment, our results may be biased
toward the null. This limitation is somewhat mitigated
too by the primary analysis that included only NMV-r
treated patients and the added assumption that these
behaviours would not change by variant given the stable
administration of NMV-r during this time period.

SARS-CoV-2 test result missingness was high and
unbalanced in prior cohorts, thus limiting our ability to
directly compare treated vs. untreated controls in the
primary analysis. We also do not have access to patient-
level sequencing, nor we are not able to accurately track
recurrent SARS-CoV-2 infection rates, and thus are
unable to evaluate the importance of these variables in
our analyses. With a shift in practice to even more
limited home testing, we elected to compare two
different NMV-r treated groups in our primary cohort.
The pre-specified sensitivity analysis using only patients
with an observed SARS-CoV-2+ test date revealed a
similar point estimate for NMV-r association with
reduced 28-day hospitalisation between omicron phases.
As before, we also did not exclude hospitalisations on
the date of NMV-r order in the primary cohort analysis.14

Recognising this approach may introduce bias, we were
reassured that a pre-specified sensitivity analysis
excluding patients hospitalised the same day as their
NMV-r order revealed statistically similar results.

Conclusion
Prior observational studies have consistently demon-
strated the effectiveness of NMV-r to reduce hospital-
isation among high-risk adults. Across three health
systems in Colorado and Utah, our results of similar
odds of hospitalisation among NMV-r treated patients
during a BQ.1/BQ.1.1/XBB.1.5 predominant phase as
compared to a BA.2/BA.2.12.1/BA.4/BA.5 predominant
phase, as well as reduced odds of hospitalisation
compared to untreated controls in a secondary cohort of
patients predominantly infected with the BQ.1/BQ.1.1/
XBB.1.5, suggest continued effectiveness of NMV-r
against the most recent omicron variants.
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