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Carlos Duart . Boaz Hirshberg . David M. Weinreich . Wenhui Wei

Received: July 19, 2022 / Accepted: August 22, 2022 / Published online: October 1, 2022
� The Author(s) 2022

ABSTRACT

Introduction: Data on real-world effectiveness
of subcutaneous (SC) casirivimab and
imdevimab (CAS?IMD) for the treatment of
coronavirus disease 2019 (COVID-19) are lim-
ited. The objective of this study was to assess the
effectiveness of SC CAS?IMD versus no antibody
treatment among patients with COVID-19.
Methods: This retrospective cohort study
linked Komodo Health and CDR Maguire
Health and Medical data. Patients diagnosed
with COVID-19 in ambulatory settings (August
1–October 30, 2021) treated with SC CAS?IMD
were exact- and propensity score-matched to
fewer than five untreated treatment-eligible
patients and followed for the composite
endpoint of 30-day all-cause mortality or

COVID-19-related hospitalization. Kaplan–
Meier estimators were used to calculate out-
come risk overall and across subgroups. Cox
proportional-hazards models were used to esti-
mate adjusted hazard ratios (aHR) and 95%
confidence intervals (CI).
Results: Of 13,522 patients treated with
CAS?IMD, 12,972 were matched to 41,848
untreated patients. The 30-day composite out-
come risk was 1.9% (95% CI 1.7–2.2) and 4.4%
(95% CI 4.2–4.6) in the treated and untreated
cohorts, respectively; treated patients had a
49% lower relative risk of the composite out-
come (aHR 0.51; 95% CI 0.46–0.58) and a 67%
relative risk of 30-day mortality (aHR 0.33,
95% CI 0.18–0.60). Effectiveness was consistent
across vaccination status and various subgroups.
Discussion: Patients with COVID-19 benefitted
from treatment with SC CAS?IMD versus
untreated patients. The results were consistent
across subgroups of patients, including older
adults, immunocompromised patients, and
patients vaccinated against COVID-19. Results
were robust across numerous sensitivity
analyses.
Conclusion: SC CAS?IMD is effective in
reducing 30-day COVID-19-related hospitaliza-
tion or mortality in real-world outpatient set-
tings during the Delta-dominant period.
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Key Summary Points

Why carry out this study?

Data on real-world effectiveness of SC
CAS?IMD in COVID-19 are limited. One
study evaluated the effectiveness of SC
CAS?IMD and found that patients were
56% less likely to be hospitalized or die
than untreated patients but those results
reflect the experience at one medical
center between July and October 2021 in
652 patients.

We hypothesized that patients treated
with SC CAS?IMD would experience a
lower 30-day COVID-19-related
hospitalization/all-cause mortality risk
compared to untreated patients who were
eligible for treatment.

What was learned from this study?

SC CAS?IMD reduced the 30-day risk of
COVID-19 hospitalization/all-cause
mortality relative to no COVID-19 mAb
treatment during the Delta-dominant
period.

Patients benefitted from treatment with
SC CAS?IMD across all patient subgroups
assessed, which included vaccinated and
high-risk patients such as older adults and
patients who were immunocompromised.

INTRODUCTION

While vaccines remain the primary strategy for
control of the coronavirus 2019 (COVID-19)
pandemic caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), they
require development of active immunity to
COVID-19 over time. In contrast, neutralizing
monoclonal antibodies (mAbs) against the
SARS-CoV-2 spike protein confer immediate
passive immunity for SARS-CoV-2 variants that
remain sensitive to the mAbs and can be used

for pre- or post-exposure prophylaxis or early
treatment [1–7].

In a clinical trial, intravenous (IV) adminis-
tration of mAbs casirivimab and imdevimab
(CAS?IMD; Regeneron Pharmaceuticals, Inc.)
was associated with a 71% reduction in all-cause
mortality or COVID-19-related hospitalization
in patients diagnosed with COVID-19 in
ambulatory settings [2]. These mAbs were
granted emergency use authorization (EUA) by
the US Food and Drug Administration (FDA) for
treatment of non-hospitalized patients with
COVID-19 who are at risk for severe disease first
as IV administration in November 2020 and in
June 2021, as subcutaneous (SC) administration
when IV infusion is not feasible or would lead to
delay in treatment [8]. In January 2022, with
the surge in the Omicron variant (B.1.1.529),
the FDA amended the EUA for CAS?IMD to
exclude its use in geographic regions where
infection or exposure is likely due to a variant
not susceptible to the treatment [9]. Conse-
quently, it is not currently authorized for use in
the USA.

While the majority of real-world studies
assessing the effectiveness of CAS?IMD repor-
ted 50–78% reductions in the risk of hospital-
ization [10–23], the effectiveness of SC
CAS?IMD was not specifically assessed. A study
that did evaluate SC CAS?IMD reported that
treated patients were 56% less likely to be hos-
pitalized or die than untreated patients [24].
However, the results reflect the experience at
one medical center between July and October
2021 in 652 patients.

In June 2021, the Florida Department of
Health and Florida Division of Emergency
Management deployed COVID-19 mAb therapy
treatment sites in Florida. A health disaster
management company, CDR Maguire Health
and Medical (‘‘CDR Health’’), was commis-
sioned to manage the COVID-19 public health
crisis. Between August and November 2021,
CDR Health treated approximately 115,000
patients with SC CAS?IMD. The objective of
this study was to compare the effectiveness of
SC CAS?IMD to no COVID-19 mAb treatment
on 30-day all-cause mortality or COVID-19–re-
lated hospitalization among patients diagnosed
with COVID-19 in the ambulatory setting who

2126 Infect Dis Ther (2022) 11:2125–2139



were eligible to receive treatment under the
EUA.

METHODS

Data Sources

We conducted a retrospective cohort study
using closed administrative claims data from
the Komodo Health claims database [25].
Komodo health data is a real-world dataset
which integrates various sources of patient-level
data to map longitudinal patient journeys.
Komodo pulls de-identified, patient-level claims
data from clearinghouses, payers (150 or more
national and regional payers), and provider
consortia data sources to follow patients
through the US healthcare system. The database
covers all census regions and includes both
open and closed (i.e., payer complete) claims
data, although only the closed claims were
leveraged for this study. As there is no code for
distinguishing between SC and IV administra-
tion of CAS?IMD in administrative claims data,
the Komodo Health data were linked to data
from CDR Health, which administered only SC
CAS?IMD. The database linkage used Data-
vant’s encryption and tokenization technology
(San Francisco, CA; https://datavant.com) [26].

The dataset resulting from the linkage was
used to construct the treatment arm and to
identify a control group of patients not treated
with COVID-19 mAbs. In addition to date of SC
CAS?IMD administration, CDR Health data
were used to ensure that patients in the
untreated control group had not been treated
with SC CAS?IMD.

This study consisted of secondary research
using de-identified data licensed from a third
party, Komodo, in compliance with 45 CFR
164.514(a)-(c). The data had identifying patient
information removed and were coded in such a
way that the data could not be linked back to
subjects from whom they were originally col-
lected prior to the authors gaining access to it.
This research, which used the de-identified
licensed data described above, does not require
institutional review board or ethics review, as
analyses with these data do not meet the

definition of ‘‘research involving human sub-
jects’’ as defined within 45 CFR 46.102(f), which
stipulates human subjects as living individuals
about whom an investigator obtains identifiable
private information for research purposes.

Study Population

The treated cohort consisted of patients treated
with SC CAS?IMD between August 1, 2021 and
October 30, 2021 (index date = date of
CAS?IMD administration) who had not
received other COVID-19 mAbs (bamlanivimab
monotherapy, bamlanivimab and etesevimab,
or sotrovimab) within 6 months prior to or on
the index date. This period is concurrent with
when the Delta variant (B.1.617.2) became
dominant in the USA [27] and prior to the
spread of Omicron [28]. Patients in the
untreated cohort were those diagnosed with
COVID-19 (ICD-10: U07.1) during the same
period and not treated with COVID-19 mAbs.
Given that approximately 90% of SC
CAS?IMD–treated patients did not have a doc-
umented COVID-19 diagnosis in the 10 days
prior to treatment administration in the
Komodo claims data, an index date could not be
assigned to the untreated patients on the basis
of the distribution of days between diagnosis
and treatment, as was done previously [29]. For
untreated patients, the index date was the
COVID-19 diagnosis date; if multiple COVID-19
diagnoses were available, the first diagnosis was
selected, and to identify incident COVID-19
diagnoses, patients were required to have no
evidence of a prior COVID-19 diagnosis within
30 days pre-index. This approach excludes the
immortal time, which would have favored
treatment had follow-up started for both groups
on the COVID-19 diagnosis date, but introduces
survival bias that was adjusted for analytically
[30].

Patients in both cohorts were also required to
be at least 12 years of age on the index date (in
accordance with the age cutoff in the EUA for
CAS?IMD), be continuously enrolled in medi-
cal and pharmacy benefits for at least 6 months
pre-index (i.e., baseline), meet EUA criteria for
CAS?IMD treatment at index [8], and have a
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valid date of death if deceased. Patients who
were hospitalized or dead on the index date
were excluded.

Outcomes

The primary endpoint was the composite out-
come of 30-day all-cause mortality or COVID-
19-related hospitalization, and a secondary
endpoint was 30-day all-cause mortality.
Komodo uses Social Security Administration
(SSA) data, a private obituary data source, and a
private claims mortality dataset to identify
mortality. COVID-19-related hospitalization
was defined as a COVID-19 diagnosis as the
primary or admitting diagnosis. Patients were
followed from the index date until the occur-
rence of the outcome or a censoring event,
which included receipt of another COVID-19
mAb, the end of 30-day risk period, healthcare
plan disenrollment, or study end date.

Study Variables

Baseline demographic variables included age as
a continuous variable and categorized by age
groups (12–17, 18–54, 55–64, C 65 years), sex,
and geographic region (Florida resident vs. not).
The Charlson Comorbidity Index (CCI) [31] was
derived by identifying the presence of comor-
bidities over the baseline period. In addition to
body mass index (BMI), which was categorized
as not overweight, overweight, obese, severely
obese, morbidly obese, or missing, specific
comorbidities included cardiovascular disease
(myocardial infarction, hypertension, atrial fib-
rillation, heart failure; ischemic/hemorrhagic
stroke, or venous thromboembolism), chronic
respiratory disease (asthma, chronic obstructive
pulmonary disease, emphysema, obstructive
sleep apnea, pulmonary fibrosis, or cystic
fibrosis), chronic kidney disease stage 3–5 or
renal failure requiring dialysis, B cell deficiency
(primary, secondary, or drug-induced; Table S1
in the supplementary material), and diabetes
(type 1 or 2). The occurrence of at least one
hospitalization and emergency room/urgent

care visit for any reason during the baseline
period was also captured.

The following risk factors for use of
CAS?IMD under the EUA were identified dur-
ing the baseline period up to and including the
index date: C 65 years of age on index date;
12–17 years of age on index date with BMI
C 85th percentile for age and sex based on CDC
growth charts [32]; BMI[ 25 kg/m2; pregnancy;
diabetes; chronic lung disease; immunosup-
pressive disease; history of immunosuppressive
treatment; cardiovascular disease, hyperten-
sion, or congenital heart disease; sickle cell
disease; and neurodevelopmental disorders.
Since EUA risk factors of chronic kidney disease,
cardiovascular disease or hypertension, and use
of medical-related technological dependence
could be an outcome of COVID-19 infection,
their presence was assessed over the baseline
period only.

Statistical Analysis

Matching
To derive adjusted estimates, both exact and
probabilistic matching methods were used.
Propensity scores (PS), derived using logistic
regression, predicted the probability of
CAS?IMD treatment versus no treatment given
age (as a continuous variable), sex, index
month, three-digit zip code (Florida residents)
or state (non-Florida residents), individual EUA
criteria, BMI category, CCI score (as a continu-
ous variable), prior COVID-19 vaccination (at
least one COVID-19 vaccine during baseline),
and baseline healthcare resource utilization
(prior all-cause hospitalization and all-cause
emergency room/urgent care visits). Each trea-
ted patient was matched to up to five untreated
patients on a caliper width of 0.2 of the stan-
dard deviation (SD) of the logit of the estimated
PS [33] and exact-matched on index month and
three-digit zip code (Florida residents) or state
(non-Florida residents). Standardized mean dif-
ferences (SMD) were used to assess balance
between groups; SMD[ 0.1 indicated imbal-
ance and unbalanced variables were included
directly in the outcome model [34].
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Primary Analysis
Baseline characteristics were reported for SC
CAS?IMD and untreated EUA-eligible patients
using means (SD) and medians (Q1–Q3) for
continuous variables and number and fre-
quency for categorical variables. Kaplan–Meier
estimators were used to estimate the 30-day risk
of the composite outcome and mortality among
the matched patients [35], with 95% confidence
bands constructed using the Hall–Wellner
method [36] and log-rank tests used to compare
survival distributions.

Adjusted hazard ratios (aHR) with 95% con-
fidence intervals (CI) were derived using Cox
proportional-hazard models that fit the model
to the matched pairs, and used robust sandwich
variance estimators to account for clustering
within matched sets [37]. Since starting follow-
up on the date of treatment for treated patients
and the COVID-19 diagnosis for untreated
patients excludes immortal time and can
introduce a survival bias, a correction factor was
derived to account for this bias [30]. This bias
was removed by dividing the aHR as well as the
95% upper and lower CI values by the correc-
tion factor T0/T0?TIT; TIT denotes the observed
immortal person time which, in our study, is
the number of days between the COVID-19
diagnosis and the date of treatment among
treated patients, and T0 is person time in the
untreated group. The correction factor was
derived assuming that TIT was at most 10 days
(the maximum number of permissible days
between symptom onset and treatment, per the
EUA) but could be shorter if the patient expe-
rienced the outcome or was censored. The
actual number of days between the COVID-19
diagnosis and treatment date was used for
matched treated patients with a non-missing
COVID-19 diagnosis date. For T0, matched EUA-
eligible untreated patients contributed up to
30 days, the occurrence of the event, or cen-
soring, whichever came first relative to T0. The
survival bias was then accounted for by dividing
aHR and 95% CIs by the correction factor.

Subgroup Analyses
Subgroups of interest included age stratified as
12–17, 18–54, 55–64, and C 65 years; elevated
risk defined as C 65 years of age or 55–64 years

of age with BMI C 35 kg/m2, type 2 diabetes,
chronic obstructive pulmonary disease, or
chronic kidney disease; immunocompromised
patients, overall and by type of B cell deficiency
(primary, secondary, or drug-induced); and
prior COVID-19 vaccination. The same mat-
ched set of patients was used to evaluate effec-
tiveness across subgroups. Kaplan–Meier
estimators were used to determine 30-day out-
come risks for subgroups. Adjusted HRs com-
paring treated versus untreated cohorts across
subgroups were derived using Cox proportional-
hazard models and including the interaction
term between treatment and the subgroup. The
adjusted estimates of subgroups were derived
using the same matched set of patients as the
primary endpoint and accounted for clustering
of patients. No adjustments were made for
multiplicity. As in the primary analysis, a cor-
rection factor was applied to aHRs and 95% CIs
to account for potential survival bias.

Sensitivity Analyses
Sensitivity analyses conducted to assess robust-
ness of the results included (1) deriving the
correction factor using the subset of matched
SC CAS?IMD-treated patients with a non-
missing COVID-19 diagnosis date in the
Komodo claim database; (2) modifying the
definition of COVID-19-related hospitalization
to COVID-19 as the primary diagnosis only; (3)
modifying inclusion/exclusion criteria so that
only the untreated patients were required to
meet the EUA criteria on the index date; and (4)
requiring 3 months (vs. 6 months) of continu-
ous healthcare plan enrollment pre-index.

The analytic file was created and all analyses
were conducted using SAS Version 9.4 (SAS
Institute, Cary, NC).

RESULTS

Linkage and Cohort Creation

Among 90,133 patients treated with SC
CAS?IMD in the CDR Health database, 79,295
patients (88.0%) were successfully linked to the
Komodo claims, and 13,522 of these were eli-
gible for matching (Fig. S1 in the supplementary
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Table 1 Baseline characteristics of the matched cohorts

Variable Subcutaneous CAS1IMD
(n = 12,972)

EUA-eligible untreated
(n = 41,848)

SMDa

Age, years

Mean (SD) 52.3 (17.1) 50.8 (18.0) 0.09

Median (IQR) 54 (24) 52 (26) –

Range 12–88 12–88 –

Age group, years, n (%)

12–17 530 (4.1) 2266 (5.4) 0.06

18–34 1511 (11.7) 5829 (13.9) 0.07

35–44 1993 (15.4) 6728 (16.1) 0.02

45–54 2611 (20.1) 7978 (19.1) 0.03

55–64 3069 (23.7) 9228 (22.1) 0.04

65–74 2119 (16.3) 6217 (14.9) 0.04

75–84 871 (6.7) 2648 6.3) 0.02

C 85 268 (2.1) 954 (2.3) 0.02

Sex, n (%)

Female 7422 (57.2) 24,457 (58.4) 0.03

Male 5550 (47.8) 17,391 (41.6) 0.03

Region, n (%)

Midwest 490 (3.8) 2430 (5.8) 0.10

Northeast 660 (5.1) 3279 (7.8) 0.11

South 11,439 (88.2) 34,237 (81.8) 0.18

West 383 (3.0) 1902 (4.6) 0.08

Florida resident, n (%) 10,486 (80.8) 29,495 (70.5) 0.24

BMI category, n (%)b

Not overweight 660 (5.1) 2100 (5.0) 0.00

Overweight (25 to\ 30 kg/m2) 1651 (12.7) 4894 (11.7) 0.03

Obese (30 to\ 35 kg/m2) 1377 (10.6) 4183 (10.0) 0.02

Severely obese (35 to\ 40 kg/m2) 731 (5.6) 2344 (5.6) 0.00

Morbidly obese (C 40 kg/m2) 682 (5.3) 2357 (5.6) 0.02

Missing 7871 (60.7) 25,970 (62.1) 0.03

CCI score, mean (SD) 1.03 (1.72) 1.07 (1.77) 0.02

All-cause resource use during baseline period, n (%)

Hospitalization 1316 (10.1) 4513 (10.8) 0.02
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Table 1 continued

Variable Subcutaneous CAS1IMD
(n = 12,972)

EUA-eligible untreated
(n = 41,848)

SMDa

Emergency room 2654 (20.5) 8900 (21.3) 0.02

Month of index date, n (%)

August 2021 3488 (26.9) 16,548 (39.5) 0.27

September 2021 7346 (56.6) 19,560 (46.7) 0.20

October 2021 2138 (16.5) 5740 (13.7) 0.08

Vaccinated, n (%) 2249 (17.3) 7125 (17.0) 0.01

Elevated risk, n (%)c 4701 (36.2) 14,128 (33.8) 0.05

EUA criteria, n (%)

C 65 years 3258 (25.1) 9819 (23.5) 0.04

Children overweightd 213 (1.6) 895 (2.1) 0.04

Overweight 4441 (34.2) 13,778 (32.9) 0.03

Pregnancy 293 (2.3) 1167 (2.8) 0.03

Chronic kidney disease 499 (3.9) 1703 (4.1) 0.01

Diabetes 2600 (20.0) 8421 (20.1) 0.00

Chronic pulmonary disease 1982 (15.3) 7098 (17.0) 0.05

Immunosuppressive disease 1253 (9.7) 3914 (9.4) 0.01

Immunosuppressant use 308 (2.4) 952 (2.3) 0.01

Sickle cell disease 16 (0.1) 68 (0.2) 0.01

Cardiovascular disease, hypertension, or

congenital heart disease

6126 (47.2) 19,593 (46.8) 0.01

Neurodevelopmental disorders 4752 (36.6) 16,352 (39.1) 0.05

Medical-related technological dependence 2630 (20.3) 8809 (21.1) 0.02

B cell deficiency 466 (3.6) 1512 (3.6) 0.00

Primary 1 (\ 0.1) 5 (\ 0.1) 0.00

Secondary 21 (0.2) 77 (0.2) 0.01

Drug-induced 444 (3.4) 1430 (3.4) 0.00

IVIG 12 (0.1) 49 (0.1) 0.01

Cancer or chemotherapy 1395 (10.8) 3923 (9.4) 0.05

Cancer 1126 (8.7) 3084 (7.4) 0.05
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material). After applying inclusion/exclusion
criteria to 5,132,798 patients in the Komodo
database with a COVID-19 diagnosis during the
study period, we determined that 828,087
patients were eligible for matching (Fig. S1 in
the supplementary material). A total of 12,972

of the 13,522 (95.9%) SC CAS?IMD–treated
patients were exact- and PS-matched to 41,848
EUA-eligible untreated patients.

Prior to matching, cohorts were imbalanced
on several variables; notably, the treated cohort
was older with a higher proportion at elevated

Table 1 continued

Variable Subcutaneous CAS1IMD
(n = 12,972)

EUA-eligible untreated
(n = 41,848)

SMDa

Chemotherapy 422 (3.3) 1315 (3.1) 0.01

BMI body mass index, CAS?IMD casirivimab and imdevimab, CCI Charlson Comorbidity Index, EUA emergency use
authorization, IQR interquartile range, IVIG intravenous immunoglobulin, SD standard deviation, SMD standardized mean
difference
aSMD C 0.1 indicates imbalance between cohorts
bBased on diagnoses relating to the BMI categories
cDefined as either C 65 years of age, or 55–64 years of age with C 1 of the following: BMI C 35 kg/m2, type 2 diabetes,
chronic kidney disease, or chronic obstructive pulmonary disease
dBased on BMI C 85th percentile for age and sex among those 12–17 years of age

Fig. 1 Kaplan–Meier curves for 30-day outcomes among
patients diagnosed with COVID-19 in the outpatient
setting. a Composite outcome of all-cause mortality or
COVID-19-related hospitalization. b All-cause mortality.

CAS?IMD casirivimab and imdevimab, EUA emergency
use authorization, SC subcutaneous

2132 Infect Dis Ther (2022) 11:2125–2139



risk (Table S2 in the supplementary material).
After matching, per the SMDs, all variables
except region and index month were balanced
(Table 1). The matched populations were
57–58% female), with mean age between 50 and
52 years and 34–36% at elevated risk (Table 1).

Primary Analysis

The 30-day risk of the composite outcome was
1.9% (95% CI 1.7–2.2) in the SC CAS?IMD-
treated cohort (247 events) and 4.4% (95% CI
4.2–4.6) in the EUA-eligible untreated cohort
(1822 events) (Fig. 1a). The 30-day mortality
risk was lower in the treated cohort versus the
untreated cohort: 0.1% (95% CI 0.1–0.2; 11
deaths) and 0.3% (95% CI 0.3–0.4; 128 deaths),
respectively (Fig. 1b).

In the adjusted model after applying the
correction factor, treatment with SC CAS?IMD
was associated with a 49% lower risk of the
composite endpoint versus the untreated
patients (aHR 0.51; 95% CI 0.46–0.58) (Fig. 2).
Treatment was also associated with a 67% lower

30-day risk of all-cause mortality (aHR 0.33,
95% CI 0.18–0.60).

The results of the sensitivity analyses were
consistent; patients treated with SC CAS?IMD
experienced 49–54% lower adjusted 30-day risk
of mortality or COVID-19-related hospitaliza-
tions compared to EUA-eligible untreated
patients (Fig. 2).

Subgroup Analyses

The 30-day risk of the composite outcome
generally increased with older age and was
higher among those at elevated risk or who were
immunocompromised (B cell deficient) or
unvaccinated relative to those without these
risk factors (Table 2). The aHRs for treatment
with SC CAS?IMD versus no treatment were
generally consistent across subgroups (Fig. 3).
While the CIs were wide in the subgroups
defined by 12–17 years of age and secondary
B cell deficiency, the point estimates suggested
that SC CAS?IMD treatment was beneficial.
Results were inconclusive among patients with

Fig. 2 Adjusted hazard ratios of 30-day all-cause mortality
or COVID-19-related hospitalization among patients
diagnosed with COVID-19 in the outpatient setting.
Square size corresponds to the total sample available for
analysis. aHR adjusted hazard ratio, CAS?IMD

casirivimab and imdevimab, CI confidence interval, EUA
emergency use authorization, SC subcutaneous
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primary B cell deficiencies as a result of a lack of
observed events.

DISCUSSION

This real-world study found that SC CAS?IMD
is effective in the treatment of patients diag-
nosed with COVID-19 and managed in the
outpatient setting [24], and further supports the
benefits of treatment reported in clinical trials
and smaller real-world studies [2, 14, 15, 19, 23].
Importantly, this study was conducted during
the Delta-dominant period, supporting the

effectiveness of SC CAS?IMD against this vari-
ant. As expected in the EUA-eligible untreated
control group, worse COVID-19 outcomes were
observed that generally increased with age and
were highest in those who were at elevated risk,
immunocompromised (i.e., B cell deficient), or
unvaccinated. Treatment with SC CAS?IMD
resulted in a 49% reduction in the risk of hos-
pitalization/mortality compared with the EUA-
eligible untreated patients and these findings
were robust across sensitivity analyses. This
study also demonstrated that the effect of SC
CAS?IMD treatment was maintained across

Table 2 Thirty-day risk of the composite event of all-cause mortality or COVID-19-related hospitalization in subgroups

Subgroup Subcutaneous CAS1IMD EUA-eligible untreated

Events/n Event risk (95% CI) Events/n Event risk (95% CI)

Age group, years

12–17 1/530 0.2 (0–0.1) 10/2266 0.4 (0.2–0.8)

18–54 86/6115 1.4 (1.2–1.8) 668/20,535 3.3 (3.1–3.6)

55–64 64/3069 2.1 (1.7–2.7) 554/9228 6.1 (5.6–6.6)

C 65 96/3258 3.0 (2.5–3.7) 590/9819 6.2 (5.7–6.7)

Elevated riska

Yes 131/4701 2.9 (2.4–3.4) 890/14,128 6.5 (6.1–6.9)

No 116/8271 1.4 (1.2–1.7) 932/27,720 3.4 (3.2–3.6)

B cell deficiency

Yes 10/466 2.2 (1.2–4.0) 104/1512 7.0 (5.8–8.5)

No 237/2506 1.9 (1.7–2.2) 1718/40,336 4.4 (4.2–4.6)

B cell deficiency type

Primary 0/1 0 (0–0) 0/5 0 (0–0)

Secondary 1/21 5.0 (0.7–3.1) 8/77 10.8 (5.5–20.5)

Drug-induced 9/444 2.1 (1.1–3.9) 96/1430 6.9 (5.7–8.3)

Vaccination

Yes 24/2249 1.1 (0.7–1.6) 170/7125 2.4 (2.1–2.8)

No 223/10 723 2.1 (1.9–2.4) 1652/34,723 4.9 (4.6–5.1)

CAS?IMD casirivimab and imdevimab, CI confidence interval, EUA emergency use authorization
aDefined as either C 65 years of age, or 55–64 years of age with C 1 of the following: BMI C 35 kg/m2, type 2 diabetes,
chronic kidney disease, or chronic obstructive pulmonary disease
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subgroups of patients at greater risk of poor
COVID-19 outcomes.

The observed reduction is consistent with a
56% reduction in 28-day mortality/hospitaliza-
tion reported in a previous study of 652 patients
treated with SC CAS?IMD [24]. While the hos-
pitalization outcome of that study was for any
cause, it also evaluated IV CAS?IMD and sug-
gested no significant difference in outcomes
between IV and SC administration. The results
are also consistent with real-world effectiveness
reported in claims-based analyses, including
one that encompassed a period when the Delta
variant was dominant, although SC adminis-
tration was not specifically evaluated [25, 29].

Results of the subgroup analyses are further
concordant with the previous claims database
studies [25, 29]; the risk of outcomes was
reduced among CAS?IMD–treated patients
across all subgroups, demonstrating effective-
ness regardless of age or vaccination status and
in patients who were at elevated risk or
immunocompromised. In particular, treatment

effects in vaccinated patients were similar to
those who were not vaccinated, suggesting the
utility of therapy in EUA-eligible patients with
breakthrough infections and in those who are
unwilling to be vaccinated or for whom
COVID-19 vaccines are less effective. Of clinical
relevance is that the largest observed treatment
effect was among patients who were immuno-
compromised, specifically those with secondary
B cell deficiencies, who are at increased risk for
severe COVID-19 and poorer outcomes [38, 39].
However, given the limited number of patients
with primary B cell deficiencies, the benefit of
treatment could not be confirmed in this sub-
group, although prior real-world studies have
demonstrated that this patient subgroup also
benefits from CAS?IMD treatment [25, 29].

Strengths and Limitations

To our knowledge, this is the largest study
evaluating the real-world effectiveness
CAS?IMD, and by linking the Komodo Health

Fig. 3 Adjusted hazard ratios of 30-day all-cause mortality
or COVID-19-related hospitalization in subgroups of
patients diagnosed with COVID-19 in the outpatient
setting. Square size corresponds to the total sample
available for analysis. aElevated risk defined as C 65 years
of age, or C 55 years of age with body mass

index C 35 kg/m2, type 2 diabetes, chronic obstructive
pulmonary disease, or chronic kidney disease. aHR
adjusted hazard ratio, CAS?IMD casirivimab and
imdevimab, CI confidence interval, EUA emergency use
authorization, N/A not available, SC subcutaneous

Infect Dis Ther (2022) 11:2125–2139 2135



data to the CDR Health data, this is also the
largest study evaluating effectiveness of SC
CAS?IMD. Results were also consistent across
numerous sensitivity analyses conducted to
evaluate the robustness of our findings and the
appropriateness of our assumptions. The results
of this study, however, must be interpreted in
the context of its limitations, including that
viral load and symptoms, which are indicative
of COVID-19 severity and may be predictive of
outcomes [40–42], were not captured. If
untreated EUA-eligible patients had less severe
disease, which may be why they are untreated,
the lack of information on symptoms and con-
founders may have resulted in bias against
CAS?IMD and thus underestimated the treat-
ment effect. Another limitation regards how
BMI was captured, since being overweight or
obese is a strong risk factor for poor outcomes
[43–46]. Since categorization of BMI was based
on ICD-10 codes and most patients did not have
their BMI recorded using an ICD diagnosis code,
the results may be subject to residual con-
founding. Residual confounding may also have
arisen because vaccination status, a potentially
important confounder, is undercaptured in the
Komodo Health data. Additionally, given that a
correction factor was applied to derive unbiased
aHRs, the crude risks between treated and
untreated patients are not directly comparable.
Furthermore, to estimate the correction factor
for SC CAS?IMD-treated patients without a
recorded COVID-19 diagnosis, it was assumed
that 10 days had elapsed between symptom
onset and treatment, which may have inflated
the correction factor and resulted in underesti-
mating the treatment effect. While the study
period did not overlap with emergence of the
Omicron variant, CAS?IMD is not expected to
be active against Omicron [9]. Additionally,
although Delta was the most prevalent variant
(i.e., greater than 95%) in circulation during the
study period [47], we cannot rule out that the
distribution of variants may have been different
in the state of Florida compared to the USA.
Finally, the untreated control group consisted
of patients who were never treated with
COVID-19 mAbs during the study period,
potentially resulting in a healthier cohort of
patients that could bias results against treatment.

CONCLUSION

This study reports the real-world benefits of SC
CAS?IMD among patients diagnosed with
COVID-19 in the ambulatory setting during the
Delta-dominant period. Overall, SC CAS?IMD
was associated with a 49% reduction in the risk
of COVID-19-related hospitalization/mortality
compared with EUA-eligible untreated controls,
with benefits that were generally maintained
across subgroups, including vaccinated
patients. Given the emergence of new variants
of concern, continual monitoring and reassess-
ment of real-world effectiveness are integral to
updating management strategies and identify-
ing factors that can further improve patient
outcomes and reduce pandemic transmission.
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