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a b s t r a c t 

Objectives: Sotrovimab effectively prevented progression to severe disease and mortality following in- 

fection with pre-Omicron SARS-CoV-2 variants. We sought to determine whether sotrovimab is similarly 

effective against SARS-CoV-2 Omicron variant infection. 

Methods: Observational cohort study of non-hospitalized adult patients with SARS-CoV-2 infection from 

December 26, 2021, to March 10, 2022, using electronic health records from a statewide health system. 

We propensity-matched patients not receiving authorized treatment for each patient treated with sotro- 

vimab. The primary outcome was 28-day hospitalization; secondary outcomes included mortality. We 

also propensity-matched sotrovimab-treated patients from the Omicron and Delta phases. Logistic re- 

gression was used to determine sotrovimab effectiveness during Omicron and between variant phases. 

Results: Of 30,247 SARS-CoV-2 Omicron variant infected outpatients, we matched 1542 receiving sotro- 

vimab to 3663 not receiving treatment. Sotrovimab treatment was not associated with reduced odds of 

28-day hospitalization (2.5% vs 3.2%; adjusted odds ratio [OR] 0.82, 95% CI 0.55, 1.19) or mortality (0.1% 

vs 0.2%; adjusted OR 0.62, 95% CI 0.07, 2.78). Between phases, the observed treatment OR was higher 

during Omicron than during Delta (OR 0.85 vs 0.39, respectively; interaction P -value = 0.053). 

Conclusion: Real-world evidence demonstrated that sotrovimab was not associated with reduced 28-day 

hospitalization or mortality among COVID-19 outpatients during the Omicron BA.1 phase. 

© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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With fluctuating rates of transmission of SARS-CoV-2, neutral- 

zing monoclonal antibody (mAb) products such as sotrovimab for 

utpatients who have recently tested positive for SARS-CoV-2 have 

een critical, evidence-based treatments to mitigate the impact of 

OVID-19 surges on the health care system and improve COVID- 

9 outcomes among high-risk individuals ( Aggarwal et al . , 2022 ; 

enters for Disease Control and Prevention, 2021 ; Ganesh et al . , 

021 ; Huang et al . , 2022 ; Jarrett et al . , 2021 ; O’Horo et al . , 2022 ;
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azonable et al . , 2021 ). Several mAb products received emergency 

se authorization (EUA) from the US Food and Drug Administra- 

ion ( National Institutes of Health [NIH], 2020 ) based on phase II/III

andomized clinical trials conducted earlier in the pandemic. These 

rials generally demonstrated efficacy toward reduced hospitaliza- 

ion and disease severity among high-risk outpatients ( Dougan 

t al., 2021 ; Gupta et al . , 2022 ; Weinreich et al . , 2021 ), but little

ata from randomized trials are available to inform mAb efficacy 

gainst rapidly evolving variants including Omicron lineages ( Lynch 

t al . , 2021 ). As such, analysis of contemporary real-world data suf- 

ciently robust to evaluate important clinical differences is critical 

o evaluate treatment effectiveness and inform policy and practice 

ecisions, as we and others have successfully done ( Ganesh et al . ,

021 ; Huang et al . , 2022 ; Jarrett et al . , 2021 ; O’Horo et al . , 2022 ;

azonable et al . , 2021 ). 

We previously used a real-world data platform to report on 

otrovimab effectiveness during the Delta variant pandemic phase 

 Aggarwal et al . , 2022 ), adding to the evidence generated from the

OVID-19 mAb efficacy trial-intent to care early trial that found a 

ignificant reduction in risk of a composite endpoint of all-cause 

ospitalization or death following sotrovimab treatment ( Gupta et 

l . , 2022 ). Following the revoking of EUAs for other authorized 

Abs in January 2022, sotrovimab was the only available mAb 

or outpatient treatment briefly during an early Omicron phase. 

owever, a marked reduction in sotrovimab in vitro neutraliza- 

ion against Omicron BA.2 and its sublineages ( Iketani et al . , 2022 ;

akashita et al . , 2022 ) led to the sotrovimab EUA being fully re-

oked when Omicron BA.2 sub-variant prevalence was estimated 

o be greater than 50% in all Health & Human Services US re- 

ions (April 5, 2022). Yet, data evaluating sotrovimab effectiveness 

gainst Omicron BA.1 or BA.1.1 in a broad population of high-risk 

utpatients remains lacking. Furthermore, recent studies in im- 

unocompromised solid organ transplant recipients suggest a ben- 

fit of sotrovimab in reducing the severity of illness following early 

dministration after SARS-CoV-2 infection during the Omicron BA.1 

hase ( Chavarot et al . , 2022 ; Solera et al . , 2022 ). 

To provide additional data on sotrovimab effectiveness against 

micron SARS-CoV-2, including immunocompromised patients and 

ther high-risk subgroups, we used our real-world data platform to 

ssess the impact of sotrovimab treatment on hospitalization and 

ortality among outpatients with early symptomatic COVID-19 in- 

ections during a SARS-CoV-2 Omicron BA.1 and BA.1.1 predomi- 

ant phase in Colorado (December 26, 2021, to March 10, 2022) 

 Colorado Department of Public Health and Environment [CDPHE], 

021 ; ISPOR, 2021 ; Angus, 2020 ; Wynia et al . , 2022 ). 

ethods 

tudy Oversight and Data Sources 

We conducted a propensity-matched observational cohort 

tudy, as part of a statewide implementation/effectiveness prag- 

atic trial, in a collaboration between University of Colorado re- 

earchers, University of Colorado Health (UCHealth) system leaders, 

nd the Colorado Department of Public Health and Environment. 

he study was approved by the Colorado Multiple Institutional Re- 

iew Board with a waiver of informed consent. We obtained data 

rom the electronic health record (EHR; Epic, Verona, Wisconsin) 

f UCHealth, the largest health system in Colorado with 13 hos- 

itals around the state and 141,0 0 0 annual hospital admissions, 

sing Health Data Compass, an enterprise-wide data warehouse. 

HR data were merged with statewide data on vaccination status 

rom the Colorado Comprehensive Immunization Information Sys- 

em and mortality from Colorado Vital Records. 
311 
atient Population 

Our primary cohort was patients diagnosed with SARS-CoV-2 

nfection between December 26, 2021, and March 10, 2022. Based 

n Colorado statewide data ( CDPHE, 2021 ), SARS-CoV-2 infections 

ue to the Omicron variant made up at least 96% of overall cases 

y December 26, 2021. As an update on previously published work 

 Aggarwal et al . , 2022 ), a second cohort was selected between Oc-

ober 1, 2021, to December 11, 2021, when the Delta variant made 

p at least 99% of overall cases to be able to investigate poten- 

ial changes in sotrovimab effectiveness between the Delta and 

micron phases. All patients had at least 28 days of follow-up. 

atients were identified by either a positive SARS-CoV-2 test (by 

olymerase chain reaction or antigen) or by the date of mAb ad- 

inistration if the date of the SARS-CoV-2 positive test was miss- 

ng. 

For our primary cohort, we excluded patients who received 

 medication order for any antiviral treatment except sotro- 

imab within 10 days of the positive SARS-CoV-2 test (Supple- 

ent, Appendix Figure 1); thus, we included only patients who 

ere untreated (N = 31,187) or who were treated with sotrovimab 

N = 1683). We excluded patients who were missing both a positive 

ARS-CoV-2 test date and a mAb administration date (N = 605), 

hose who were already in the hospital or who were hospitalized 

n the same day as the positive test (N = 2009), and if more than

0 days had elapsed between the SARS-CoV-2 test and mAb ad- 

inistration (N = 9). We did not exclude patients based on EUA eli- 

ibility due to the lack of consistently available comprehensive EHR 

ata for all patients. After exclusions, the cohort included 28,584 

ntreated patients and 1663 sotrovimab-treated patients. We ap- 

lied the same exclusions to a second cohort from the Delta vari- 

nt dominant phase, resulting in 8901 untreated patients and 556 

otrovimab-treated patients (Supplement, Appendix Figure 2). 

utcomes 

The primary outcome was all-cause hospitalization within 28- 

ays of the SARS-CoV-2 positive test. Secondary outcomes included 

ll-cause 28-day mortality and 28-day emergency department (ED) 

isit rate. For both hospitalization and ED visits, we used the index 

isit. For hospitalized patients, we evaluated disease severity based 

n the maximum level of respiratory support required, rate of in- 

ensive care unit (ICU) admission, hospital and ICU length of stay 

LOS) in survivors, and in-hospital mortality. 

ariable Definitions 

We used EHR data to identify all outcomes of interest. Hospital- 

zation was defined as any inpatient or observation encounter. ED 

isits were defined as any visit to the ED, with or without an asso- 

iated hospitalization. We estimated disease severity on an ordinal 

cale with the maximum level of respiratory support used at an 

ncounter level with the following possible types (in ascending or- 

er): no supplemental oxygen, standard (nasal cannula/face mask) 

xygen, high-flow nasal cannula (HFNC) or non-invasive ventilation 

NIV), and invasive mechanical ventilation (IMV). In-hospital mor- 

ality was the highest level of disease severity. Due to small sample 

izes, we also categorized disease severity as HFNC/NIV/IMV/Death 

s standard oxygen/no supplemental oxygen. 

We determined the presence and status of comorbid condi- 

ions based on previously described methods using the Charlson 

nd Elixhauser comorbidity indices ( Aggarwal et al . , 2022 ; Wynia 

t al . , 2022 ). Immunocompromised status was further validated by 

anual chart reviews and was categorized as not immunocompro- 

ised, mild, or moderate/severe, based on US National Institutes 
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Table 1 

Baseline characteristics by mAb treatment status for primary matched cohort. 

Untreated (N = 3663) Sotrovimab-Treated 

(N = 1542) 

Age Group a 

18-44 years 997 (27.2%) 387 (25.1%) 

45-64 years 1219 (33.3%) 492 (31.9%) 

≥65 years 1447 (39.5%) 663 (43.0%) 

Female Gender a 2231 (60.9%) 916 (59.4%) 

Race/Ethnicity a 

Non-Hispanic White 2974 (81.2%) 1256 (81.5%) 

Hispanic 391 (10.7%) 160 (10.4%) 

Non-Hispanic Black 95 (2.6%) 41 (2.7%) 

Other 203 (5.5%) 85 (5.5%) 

Insurance Status a 

Private/Commercial 1878 (51.3%) 759 (49.2%) 

Medicare 1581 (43.2%) 699 (45.3%) 

Medicaid 110 (3.0%) 48 (3.1%) 

None/Uninsured 3 (0.1%) 2 (0.1%) 

Other/Unknown 91 (2.5%) 34 (2.2%) 

Immunocompromised Status a 

None 2148 (58.6%) 902 (58.5%) 

Mild 679 (18.5%) 275 (17.8%) 

Moderate/Severe 836 (22.8%) 365 (23.7%) 

Obesity a 1119 (30.5%) 483 (31.3%) 

Number of Other Comorbid Conditions a 

None 998 (27.0%) 411 (26.7%) 

One 914 (25.0%) 393 (25.5%) 

Two or more 1761 (48.1%) 738 (47.9%) 

Diabetes Mellitus 716 (19.5%) 371 (24.1%) 

Cardiovascular Disease 1116 (30.5%) 446 (28.9%) 

Pulmonary Disease 1295 (35.4%) 540 (35.0%) 

Renal Disease 446 (12.2%) 268 (17.4%) 

Hypertension 1812 (49.5%) 765 (49.6%) 

Liver Disease 488 (13.3%) 235 (15.2%) 

Number of Vaccinations Prior to SARS-CoV-2 + 

a 

0 898 (24.5%) 335 (21.7%) 

1 182 (5.0%) 68 (4.4%) 

2 726 (19.8%) 284 (18.4%) 

3 + 1857 (50.7%) 855 (55.4%) 

Days to mAb Admin: mean (SD) NA 3.004 (1.967) 

Time (Weeks) a 

December 26 - January 1 704 (19.2%) 258 (16.7%) 

January 2 - January 8 353 (9.6%) 106 (6.9%) 

January 9 - January 15 382 (10.4%) 127 (8.2%) 

January 16 - January 22 500 (13.7%) 170 (11.0%) 

January 23 - January 29 393 (10.7%) 128 (8.3%) 

January 30 - February 5 442 (12.1%) 188 (12.2%) 

February 6 - February 12 291 (7.9%) 167 (10.8%) 

February 13 - February 19 211 (5.8%) 112 (7.3%) 

February 20 - February 26 181 (4.9%) 107 (6.9%) 

February 27 - March 5 116 (3.2%) 102 (6.6%) 

March 6 - March 10 90 (2.5%) 77 (5.0%) 

a Variables used in the propensity matching. Abbreviation: mAb, monoclonal antibody. 
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f Health and Centers for Disease Control and Prevention guide- 

ines (Supplement, Appendix Table 1 ) ( Centers for Disease Control 

nd Prevention, 2022 ; NIH, 2022 ). We calculated the total number 

f comorbidities as the sum of the presence of diabetes mellitus, 

ardiovascular disease, pulmonary disease, renal disease, hyperten- 

ion, and liver disease and classified them as none, one, or two 

r more; we analyzed immunocompromised status and obesity as 

eparate variables. We categorized vaccination status as the total 

umber of vaccinations (0, 1, 2, or ≥3) administered before the 

ate of the SARS-CoV-2 positive test. 

Other variables of interest included treatment status, categori- 

al age in years, sex, race/ethnicity, insurance status, obesity sta- 

us, immunocompromised status, number of comorbidities, vacci- 

ation status, and cohort week ( Tables 1 , 2 ). In the statistical mod-

ls, Medicare and private/commercial were collapsed into one cat- 

gory due to the collinearity of Medicare with age (Supplemental 

ethods). 
312 
tatistical Analysis 

micron only analysis 

We used nearest-neighbor propensity matching with logistic 

egression to match patients with treatment status as the out- 

ome. The propensity model included age, sex, race/ethnicity, in- 

urance status, obesity status, immunocompromised status, num- 

er of other comorbid conditions, number of vaccinations, and 

eek in the study (categorical) (Supplemental Methods). We re- 

oved 67 sotrovimab-treated patients who had missing covari- 

te data and lost an additional 54 in the matching process. We 

ssessed the achieved balance using a threshold of < 0.1 for the 

tandardized mean differences and achieved a ratio of 2.38:1 

3663:1542) untreated to treated patients in the final cohort. Pa- 

ients missing a SARS-CoV-2 positive test date (56.9%) had their 

est date randomly imputed based on the distribution of observed 

ime to mAb treatment, as previously done ( Aggarwal et al . , 2022 ).
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Table 2 

Primary and secondary outcomes by monoclonal antibody treatment status for primary cohort. 

Outcome Sotrovimab-Treated Untreated Adjusted Odds Ratio 95% CI 

Overall Sample Size N = 1542 N = 3663 

All-Cause 28-Day Hospitalization (Primary Outcome) 39 (2.5%) 116 (3.2%) 0.82 (0.55, 1.19) 

All-Cause 28-Day Mortality 1 (0.1%) 7 (0.2%) 0.62 (0.07, 2.78) 

Any Emergency Department Visit to Day 28 93 (6.0%) 224 (6.1%) 1.03 (0.79, 1.32) 

Hospitalized Sample Size N = 39 N = 116 

Hospital LOS Days, Mean (SD) 5.2 (6.8) 7.3 (7.7) – –

High-Flow Nasal Cannula /Non-invasive Ventilation, 

Invasive Mechanical Ventilation or Death 

6 (15.4%) 33 (28.4%) – –

ICU Admission 4 (10.3%) 20 (17.2%) – –

ICU LOS Days, Mean (SD) 1.5 (0.58) 8.1 (14.04) – –

All regression models adjusted for age, sex, race/ethnicity, obesity, immunocompromised status, number of comorbidities, insurance status, and vaccination status. 

Abbreviations: ICU, intensive care unit; LOS, length of stay. 
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We used Firth’s logistic regression to assess associations be- 

ween binary outcomes (28-day hospitalization, 28-day mortality, 

nd 28-day ED visits) and treatment. Firth’s logistic regression (R 

ackage logistf V 1.24) addresses issues with low event rates and 

omplete separation.( Heinze et al . , 2020 ) Each multivariable model 

ncluded all variables of interest, as outlined in the previous sec- 

ion. We included cohort week as a continuous, linear term in 

ll adjusted models and constructed cumulative incidence curves 

o visually assess the trend across time from SARS-CoV-2 positive 

ate to 28-day hospitalization by treatment status. We also an- 

lyzed in-hospital secondary outcomes related to the severity of 

espiratory disease in a descriptive manner. 

We focused on five subgroup analyses of clinical interest: age 

 < 65 years vs ≥65 years), immunocompromised status (binary and 

ri-level), number of comorbid conditions ( ≥2 vs < 2), number of 

accinations ( ≥3 vs < 3), and time of study in the Omicron phase

early vs late). We estimated the treatment effect for each sub- 

roup using interaction models. We adjusted each model for all 

ariables included in the primary model. 

We performed two sensitivity analyses (Supplement, Appendix 

ables 6-9). We repeated the primary analysis, including only pa- 

ients for whom we could verify their EUA eligibility based on 

vailable EHR data. We also repeated the primary analysis using 

 different SARS-CoV-2 positive test date imputation method that 

mputed a 10-day difference from the observed mAb administra- 

ion date (the maximum difference allowed by the EUA). 

micron and Delta analysis 

To compare the effect of sotrovimab treatment during Omicron- 

r Delta-predominant COVID-19 phases, we developed a second 

ropensity-matched analysis cohort. First, to address imbalances in 

reatment cohorts due to mAb supply, sotrovimab-treated patients 

uring the Omicron-predominant phase were nearest-neighbor 

ropensity-matched to sotrovimab-treated patients in the Delta- 

redominant phase based on logistic regression with the variant as 

he outcome. Matching variables included age, sex, race/ethnicity, 

besity, immunocompromised status, number of comorbid con- 

itions, number of vaccinations, and insurance status. Then we 

ropensity-matched mAb-matched sotrovimab-treated patients to 

ntreated patients stratified by variant using nearest-neighbor 

atching based on a logistic regression with treatment status as 

he outcome and the same covariates previously described. 

We fit Firth’s logistic regression models with all-cause 28-day 

ospitalization as the outcome. For the primary analysis, the model 

as stratified by variant and included all variables of interest. A 

econd analysis combined both cohorts and added a treatment- 

ariant interaction to the logistic regression model along with the 

djustment variables. The second model allowed us to formally test 

f the effect of treatment differed statistically between the Delta 

nd Omicron cohorts (Supplemental Methods). 
313 
All statistical analyses were performed using R Statistical Soft- 

are (version 3.6.0; R Foundation for Statistical Computing) ( Team, 

020 ). 

esults 

haracteristics of Sotrovimab-treated and Untreated Cohorts in the 

rimary Cohort 

Of 30,247 patients with SARS-CoV-2 infection in the full pri- 

ary cohort, 1663 subjects received mAbs, and 28,584 patients 

id not (Supplement, Appendix Table 2 ). In the full primary co- 

ort, the sotrovimab-treated group generally reflects EUA criteria 

or mAb use. Those treated were older (44.3% were aged ≥65 years 

s 11.4% in untreated group), more likely to be obese (30.5% vs 

6.5%), be immunocompromised at any severity level (40.5% vs 

2.9%), or have one or more comorbid conditions (71.9% vs 37.6%). 

articularly early in the Omicron phase, the relative number in the 

otrovimab-treated group was lower as compared to the untreated 

roup due to a surge in cases outpacing available mAb treatment. 

ropensity matching eliminated clinically meaningful differences in 

atching variables between groups, resulting in 1542 sotrovimab- 

reated patients propensity-matched to 3663 untreated patients 

Supplement, Appendix Figure 1). 

The characteristics of sotrovimab-treated and untreated patients 

n the matched primary cohort are presented in Table 1 . Over- 

ll, the age distribution was similar, with approximately 40% aged 

65 years, 60% female, 80% Non-Hispanic White, and 50% with 

rivate/commercial insurance. Hypertension (49%) and pulmonary 

isease (35%) were the most common comorbid conditions. No- 

ably, 51% vs 55% of untreated and sotrovimab-treated patients 

ad received three or more vaccine doses at the time of infection, 

nd 25% vs 22% had not received any vaccine doses, respectively. 

he mean time from positive SARS-CoV-2 test to administration of 

otrovimab treatment was 3 days (SD 1.8) in patients with a posi- 

ive test date in the EHR. 

ospitalization and Mortality 

Sotrovimab treatment was not associated with a lower rate of 

8-day hospitalization compared to matched untreated controls: 

9 (2.5%) vs 116 (3.2%), adjusted odds ratio (aOR) = 0.82 (95% CI 

.55-1.19; P -value = 0.29) ( Table 2 , Figure 1 ). Covariates that were

ssociated with increased odds of 28-day hospitalization included 

ge ≥65 ( P -value = 0.04), obesity ( P -value = 0.02), moderate/severe

mmunocompromised status ( P < 0.001), and two or more other 

omorbid conditions ( P < 0.001) (Supplement, Appendix Table 3). 

aving received two ( P -value = 0.03) or ≥ three ( P < 0.001) vaccine

oses was both associated with reduced hospitalization in compar- 

son to having zero vaccine doses. 
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Figure 1. Cumulative incidence plots for all-cause hospitalization to day 28 by sotrovimab treatment status among Omicron BA.1 or BA.1.1 infected outpatients. 

Abbreviation: mAb, monoclonal antibody. 
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Rates of all-cause 28-day mortality were not statistically differ- 

nt, with one death in the sotrovimab-treated group (0.1%) as com- 

ared to seven deaths (0.2%) in the untreated group (aOR 0.62, 95% 

I 0.07-2.78) ( Table 2 ). ED visit rates were also similar between 

roups, 93 of 1542 (6.0%) in sotrovimab-treated and 224 of 3663 

6.1%) in untreated (aOR 1.03, 95% CI 0.79-1.32). 

everity of Hospitalization 

Among hospitalized patients, 6 of 39 (15.4%) in the sotrovimab- 

reated group required HFNC, NIV, or IMV or died in the hospi- 

al, compared to 33 of 116 (28.4%) in the untreated group ( Table 2 ,

igure 2 ). There also was a higher proportion of sotrovimab-treated 

atients who did not require oxygen (35.9% vs 17.2%). The aver- 

ge hospital LOS for sotrovimab-treated patients was 5.2 ( ± 6.8) 

ays in comparison to 7.3 ( ± 7.7) days in the untreated group. 

our of 39 (10.3%) sotrovimab-treated patients required ICU ad- 

ission, as compared to 20 of 116 (17.2%) untreated patients. Col- 

ectively, these data appear to suggest a lower severity of disease 

mong hospitalized sotrovimab-treated patients, although the sam- 

le sizes were too small for valid statistical inference. 

ensitivity Analysis 

Neither restricting the primary cohort to only patients meet- 

ng EUA eligibility criteria based on available EHR data nor using 

 more conservative imputation method for missing date of posi- 
314
ive SARS-CoV-2 test materially changed the key results and scien- 

ific conclusions (Supplement, Appendix Tables 6-9). Sotrovimab- 

reated participants removed due to missing covariate data or lost 

fter additional matching were not appreciably different than the 

rimary matched cohort (Supplement, Appendix Table 10). 

otrovimab Treatment Effect in Subgroups 

During the Omicron phase, sotrovimab treatment was asso- 

iated with lower odds of 28-day hospitalization in older pa- 

ients (age ≥65 years) as compared to no antiviral treatment (OR 

.52, 95% CI 0.30-0.92) ( Figure 3 ), a finding significantly differ- 

nt than the sotrovimab treatment effect in patients < 65 years 

OR 1.42, 95% CI 0.82-2.04; interaction P -value = 0.01). In addi- 

ion, sotrovimab treatment was more likely effective in immuno- 

ompromised, compared to not immunocompromised patients (OR 

.63, 95% CI 0.38-1.04 vs OR 1.40, 95% CI 0.76-2.50; interaction P - 

alue = 0.04). Reassigning patients that were classified as immuno- 

ompromised only because of a tumor or cancer with or without 

etastases from a moderate-severe immunocompromised state to 

 mild immunocompromised state did not change the results (not 

hown). Sotrovimab treatment was also significantly different in 

atients with two or more comorbid conditions, compared to zero 

r one comorbid condition (OR 0.65, 95% CI 0.42-1.01 vs OR 2.52, 

5% CI 1.05-6.09; interaction P -value = 0.007). Treatment effect re- 

ults for all subgroups are shown in the Supplement (Appendix Ta- 

le 4). 
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Figure 2. Severity of hospitalization - secondary outcomes. 

The total sample size of the hospitalized subset is 155, of which 39 are in the sotrovimab-treated group and 116 are in the untreated group. 

Abbreviations: HFNC, high-flow nasal cannula; NIV, non-invasive ventilation; IMV, invasive mechanical ventilation. 

Figure 3. Forest plot for Omicron BA.1 or BA.1.1 infected outpatient subgroup analysis. 

The interaction terms for binary age greater or less than 65 years ( P -value = 0.012), binarized immunocompromised status ( P -value = 0.043), and binarized number of comor- 

bidities ( P -value = 0.006) were significant. 

Abbreviation: Int, interaction; mAb, monoclonal antibody; OR, odds ratio. 

S

p

o

a

p

f

e

a

p

d

t

c

D

t

0

D

i

l

p

m

(

c

i

t

p

t

s

t

b

(

t

p

t

d

o

t  

p

c

otrovimab Treatment Effect in Omicron and Delta Phases 

Compared to treated patients during the Delta phase, treated 

atients in the Omicron phase were, on average older, White, more 

bese, more immunocompromised, had more comorbid conditions, 

nd had been vaccinated with more doses (data not shown). After 

ropensity matching (Supplement, Appendix Figure 2 ), these dif- 

erences were no longer clinically meaningful or statistically differ- 

nt (standardized mean differences < 0.1). In the combined analysis 

cross Omicron and Delta phases, the observed treatment OR for 

reventing 28-day hospitalization was higher during Omicron than 

uring Delta predominance (OR 0.85 vs 0.39, respectively; interac- 

ion P -value = 0.053; Supplement, Appendix Table 5). Although the 

omposition of the propensity-matched cohort for the Omicron vs 

elta analysis was different than for the primary Omicron analysis, 

he observed sotrovimab treatment odds rate was similar (0.85 vs 

.82). 

iscussion 

During a SARS-CoV-2 Omicron BA.1 and BA.1.1 variant predom- 

nant phase in Colorado, sotrovimab was not associated with a 
315 
ower incidence of the primary outcome of 28-day all-cause hos- 

italization. In addition, it was likely that the sotrovimab treat- 

ent benefit observed during the Delta phase of the pandemic 

 Aggarwal et al . , 2022 ) was markedly attenuated during this Omi- 

ron phase. However, the lower confidence boundary of 0.55 dur- 

ng the Omicron phase makes us interpret these results with cau- 

ion. Notably, COVID severity metrics, including all-cause or hos- 

ital mortality, hospital LOS, as well as higher levels of respira- 

ory support via HFNC, NIV, or IMV, all trended in the direction of 

otrovimab benefit but were underpowered and did not reach sta- 

istical significance. Coupling hospital severity data with a possible 

enefit from sotrovimab treatment among key high-risk subgroups 

age ≥65 years, immunocompromised status, ≥2 comorbid condi- 

ions), it is possible that sotrovimab retained some benefit in im- 

roving outcomes during the Omicron BA.1 / BA.1.1 phase, though 

his effect was likely attenuated compared to the effect observed 

uring the Delta phase. 

By evaluating a predominantly Omicron BA.1 sublineage cohort, 

ur findings do not fully support the observed sotrovimab neu- 

ralization of BA.1 variants in vitro ( Cameroni et al . , 2022 ), though

erhaps a lower sotrovimab neutralization potency against Omi- 

ron/BA.1 and Omicron/BA.1.1 as compared to ancestral strains and 
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A

revious variants of concern made our clinical findings more pre- 

ictable ( Iketani et al . , 2022 ; Takashita et al . , 2022 ). Further, with

neffective in vitro sotrovimab neutralization against Omicron BA.2 

 Iketani et al . , 2022 ; Takashita et al . , 2022 ) and among newer Omi-

ron subvariants ( Takashita et al . , 2022 ; Yamasoba et al . , 2022 ), as

ell as a clinical observation that sotrovimab did not mitigate dis- 

ase progression during a BA.2 Omicron dominant phase ( Zaqout 

t al . , 2022 ), our findings do support the statements by the Na-

ional Institute of Health guidelines committee ( NIH, 2021 ) and 

ood and Drug Administration (2022) that sotrovimab should not 

e recommended as a current outpatient treatment against COVID- 

9 among the general population of outpatients that meet EUA cri- 

eria. However, with a signal toward potential sotrovimab benefit 

n patients ≥65 years old, moderately/severely immunosuppressed 

 Chavarot et al . , 2022 ; Solera et al . , 2022 ), or with multiple co-

orbid conditions, some caution should be taken before removal 

f potentially effective treatments in the highest risk individuals, 

articularly depending on broad availability of alternate treatment 

ptions for infected outpatients or in higher risk subgroups. In ad- 

ition, re-consideration for the use of sotrovimab and other mAbs 

gainst future variants of concern based on in vitro neutralization 

otency is warranted. 

Our results are of practical importance for policymakers and 

linicians because they provide updated data to support treatment 

rioritization in the setting of multiple antiviral treatment options 

et have limited supply and infusion capacity. As such, it is cru- 

ial to rapidly measure and report the real-world effectiveness of 

ach treatment against each clinically relevant SARS-CoV-2 variant 

 National Academies of Sciences, Engineering, and Medicine, 2021 ). 

imitations 

This study has several limitations. Even though we used 

tatewide data for mortality and vaccination status, hospitaliza- 

ions were collected only within a single health system. In ad- 

ition, this health system is geographically limited to one US 

tate with relatively low racial and ethnic minority representation, 

hough it serves both urban and rural populations through aca- 

emic and community hospitals. If untreated patients were less 

ikely to be seen in this health system and more likely to be hos- 

italized elsewhere, this may bias our results toward the null. We 

lso relied on EHR data, including manual chart reviews, which 

ay have missing or inaccurate information about the presence of 

hronic conditions ( Bennett et al . , 2021 ). Collectively, these factors 

ight have limited our ability to detect the impact of sotrovimab 

reatment. 

We only collected 28-day hospitalization and mortality data, 

nd therefore we cannot comment on sotrovimab effects over 

 longer phase after SARS-CoV-2 infection. However, our previ- 

us study would suggest that 28-day and 90-day data yield sim- 

lar hospitalization and mortality results ( Wynia et al . , 2022 ). 

n the current study, propensity scoring appropriately matched 

otrovimab-treated and untreated patient groups across multiple 

ariables, but unmeasured confounders may remain. Our EHR data 

oes not contain patient-level information on SARS-CoV-2 variants, 

ncluding quantification of anti-SARS-CoV-2 antibody(s) or viremia 

uration that may be relevant to understand treatment-responsive 

haracteristics among the highest-risk individuals, including those 

hat are severely immunocompromised. Notably, during Colorado’s 

elta phase, more than 99% of sequenced SARS-CoV-2 was Delta 

ariant, and during Colorado’s Omicron phase, it was more than 

6% of Omicron BA.1/BA.1.1 ( CDPHE, 2021 ). 

Finally, this study occurred while our health system’s sotro- 

imab distribution criteria changed due to implementation of aus- 

ere measures, and as such, patients who received sotrovimab may 

ave differed over the course of the study. We accounted for this 
316 
y doing a subgroup analysis of early (December 26, 2021 - Febru- 

ry 5, 2022) and late (February 6, 2022 - March 10, 2022) infection 

eriods. Though we observed a similar sotrovimab effect in each 

eriod ( Figure 3 ), it is notable that hospitalization rates among 

otrovimab-treated and untreated groups appeared lower during 

he late period. 

onclusion 

This study of real-world data demonstrated that sotrovimab 

reatment was not associated with reduced 28-day hospitaliza- 

ion among COVID-19 outpatients during the Omicron BA.1 vari- 

nt phase, unlike the high effectiveness observed during the Delta 

hase. Outpatient sotrovimab treatment may have been benefi- 

ial in certain higher-risk subgroups and may reduce respiratory 

everity among those subsequently hospitalized, but larger cohorts 

ould be necessary to further examine these observations. 
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