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Abstract

Purpose Emerging SARS-CoV-2 variants have impacted the in vitro activity of sotrovimab, with variable fold changes in
neutralization potency for the Omicron BA.2 sublineage and onward. The correlation between reduced in vitro activity and
clinical efficacy outcomes is unknown. A systematic literature review (SLR) evaluated the effectiveness of sotrovimab on
severe clinical outcomes during Omicron BA.2 predominance.

Methods Electronic databases were searched for peer-reviewed journals, preprint articles, and conference abstracts published
from January 1-November 3, 2022.

Results Five studies were included, which displayed heterogeneity in study design and population. Two UK studies had
large samples of patients during BA.2 predominance: one demonstrated clinical effectiveness vs molnupiravir during BA.1
(adjusted hazard ratio [aHR] 0.54, 95% CI 0.33-0.88; p=0.014) and BA.2 (aHR 0.44, 95% C1 0.27-0.71; p=0.001); the other
reported no difference in the clinical outcomes of sotrovimab-treated patients when directly comparing sequencing-confirmed
BA.1 and BA.2 cases (HR 1.17, 95% CI 0.74-1.86). One US study showed a lower risk of 30-day all-cause hospitalization/
mortality for sotrovimab compared with no treatment during the BA.2 surge in March (adjusted relative risk [aRR] 0.41, 95%
CI0.27-0.62) and April 2022 (aRR 0.54, 95% CI 0.08-3.54). Two studies from Italy and Qatar reported low progression rates
but were either single-arm descriptive or not sufficiently powered to draw conclusions on the effectiveness of sotrovimab.
Conclusion This SLR showed that the effectiveness of sotrovimab was maintained against Omicron BA.2 in both ecological
and sequencing-confirmed studies, by demonstrating low/comparable clinical outcomes between BA.1 and BA.2 periods or
comparing against an active/untreated comparator.
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Introduction

Coronavirus disease 2019 (COVID-19) is caused by infec-
tion with severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2). Following its initial emergence in Decem-
ber 2019 and the subsequent declaration of a pandemic by

>4 Myriam Drysdale the World Health Organization (WHO) in March 2020 [1],
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the virus has continued to evolve and continues to place
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Clinical outcomes of COVID-19 are influenced by coun-
try-level factors such as healthcare system capacity and
policies for disease prevention and management, as well as
individual-level factors such as age, pre-existing illnesses,
and immune status [2, 3, 5, 6]. Moreover, new SARS-CoV-2
variants continue to emerge globally, affecting viral trans-
missibility, pathogenicity, and antigenic capacity, thus
potentially impacting the spectrum and severity of clinical
outcomes, immune evasion, and treatment effectiveness in
infected individuals [7].

Sotrovimab is a dual-action engineered human IgGlk
monoclonal antibody (mAb) derived from the parental
mADb S309, a potent neutralizing mAb that targets the spike
protein of SARS-CoV-2 [8-11]. In a randomized clinical
trial (COMET-ICE, NCT04545060) conducted during the
period of the pandemic predominated by the original “wild-
type” variant, a single intravenous (IV) infusion of sotro-
vimab (500 mg) was found to significantly reduce the risk
of all-cause hospitalization (of >24-h duration) or death
by 79% compared with placebo in high-risk patients with
COVID-19 [12, 13]. Consequently, sotrovimab (IV 500 mg)
was first granted Emergency Use Authorization (EUA) by
the U.S. Food and Drug Administration for the treatment
of mild-to-moderate COVID-19 in adults and pediatric
patients (> 12 years of age and > 40 kg) who tested positive
for SARS-CoV-2 and were at a high risk of progression to
severe COVID-19, including hospitalization or death [14].
Sotrovimab was then authorized by several regulatory agen-
cies across the world, including the European Medicines
Agency [15].

Since the COMET-ICE trial was undertaken, the original
“wild-type” virus has evolved, leading to the emergence and
establishment of new variants, with the Alpha variant being
the first recognized by the WHO as a variant of concern at
the end of 2020 [16]. A number of other recognized variants
subsequently emerged, including the Omicron BA.2 sub-
variant that became predominant globally in March 2022 [7,
17]. In vitro neutralization assays demonstrated that sotro-
vimab retained its neutralization capacity against Omicron
BA.1 (3.8-fold reduction in activity relative to wild-type
SARS-CoV-2), but showed reduced neutralization against
Omicron BA.2, BA.4, BA.5, and BA.2.12.1, with 16-, 21.3-,
22.6-, and 16.6-fold changes in ECs, values, respectively,
relative to wild-type SARS-CoV-2 using a pseudotyped
virus assay [18]. In lieu of evidence supporting the efficacy
of sotrovimab against BA.2, sotrovimab was deauthorized
in the US on a state-by-state basis from the end of March
2022, with a national deauthorization occurring on April
5, 2022 [19]. In the absence of clinical trials to assess the
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efficacy of sotrovimab against these emerging variants, the
clinical relevance of the reduction in in vitro neutraliza-
tion was unknown. It should be noted that direct virus neu-
tralization is not the only antiviral mechanism of action
expected for sotrovimab in vivo, given it has also been dem-
onstrated to mediate Fc-effector functions like antibody-
dependent cellular cytotoxicity and antibody-dependent
cellular phagocytosis. However, since these effector func-
tions are not measured by standard neutralization assays,
changes in in vitro neutralization potency against different
variants may not accurately represent the true change in
sotrovimab’s antiviral potency in vivo.

Considering the ever-evolving SARS-CoV-2 variant land-
scape, the growing body of published real-world evidence is
a key source of information with which to assess the effec-
tiveness of sotrovimab on newer variants outside of clini-
cal trials. A published systematic literature review (SLR)
and meta-analysis of 17 studies including 27,429 patients
concluded that sotrovimab is an effective and well-tolerated
therapy that can reduce mortality and hospitalization rates in
patients infected with both the Delta (odds ratio [OR] 0.07;
95% CI 0.01-0.51) and Omicron BA.1 (OR 0.27; 95% CI
0.14-0.51) circulating variants [20].

Despite deauthorization in the US, sotrovimab remained
authorized in other countries [15], and use continued for
early treatment of COVID-19 in high-risk populations dur-
ing BA.2 predominance. To address some of the questions
regarding the use of sotrovimab against emerging variants,
this SLR was undertaken to evaluate the totality of evidence
on the clinical effectiveness of sotrovimab (IV 500 mg) dur-
ing the Omicron BA.2 predominance period and onwards.

Methods

This SLR included observational studies investigating clini-
cal outcomes and viral load in patients treated with sotro-
vimab published in peer-reviewed journal articles, preprint
articles, and conference abstracts between January 1, 2022
and November 3, 2022. Although we originally sought to
investigate both clinical and viral outcomes, we subsequently
decided to focus on clinical outcomes in this paper as these
are most useful for those considering the use of sotrovimab
in clinical practice. The SLR was conducted in accordance
with Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (PROSPERO registra-
tion number: CRD42022376733) [21]. The decision to focus
on clinical outcomes and omitting viral load distinguishes
this SLR from the original PROSPERO protocol.
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The publication period covered by the systematic review
was selected to identify data on Omicron BA.2 and subse-
quent subvariants. Where available, data on other circulat-
ing variants were also extracted for potential comparison
between periods of variant predominance.

Data sources and search strategy

Searches were conducted on November 3, 2022 in the
following indexed electronic databases: MEDLINE (via
OVID), Embase (via OVID), LitCovid (via MEDLINE),
Cochrane COVID-19 Study Register, and EconLit. Addi-
tional searches for relevant preprints were conducted in
ArRvix, BioRvix (via Embase), ChemRvix, MedRvix
(via Embase), Preprints.org, ResearchSquare, and SSRN.

Table 1 Inclusion and exclusion criteria

The following conferences were also searched for relevant
abstracts indexed from January 2022: (1) Infectious Dis-
eases Week, (2) International Conference on Emerging
Infectious Diseases, (3) European Respiratory Society,
and (4) European Congress of Clinical Microbiology and
Infectious Diseases. These conferences were selected as
they were likely to include a wide range of newly avail-
able research in the field of COVID-19 therapeutics and
management.

Search strategies, starting from January 1, 2022 for
each database, included a combination of free-text search
terms for COVID-19, sotrovimab, and observational study
design (Supplementary Table 1). There was no limit on
geographical location, but only English-language publica-
tions were considered.

Domain Criteria

Exclusion reason Exclusion description

Populations

cal grounds or on identification of SARS-CoV-2 in an
appropriate virological sample

Have received sotrovimab for treatment of SARS-CoV-2

infection as per standard of care

Presented with the BA.2 subvariant or had SARS-CoV-2

infection during BA.2 subvariant predominant period
Subgroups of interest:

Subgroup within high-risk group (i.e. transplant patients,

renal patients)
Interven-
tions/com-
parators

All studies with patients treated with sotrovimab (n > 20)

Outcomes Following clinical outcomes within 30 days of sotro-
vimab:

Hospitalization and/or mortality (all-cause or SARS-
CoV-2 infection-related)

Intensive care admission

Emergency department visits

Respiratory support (e.g. use of supplemental oxygen)

SARS-CoV-2 infection progression (e.g. composite end-
point such as ICU/respiratory support/mortality)

Absolute (change from baseline) and relative change in
viral load during the acute phase post-sotrovimab

Proportion of patients with undetectable viral load post-
sotrovimab treatment

Study design Any of the following study designs:

Observational studies (including sotrovimab-treated sin-
gle-arm studies and comparative effectiveness studies)

SLRs with or without meta-analysis (for citation chasing

of observational studies only)

Patients aged > 12 years who fulfill the following criteria:
Identified as having confirmed COVID-19 based on clini-

Population not of interest Patients aged < 12 years

Did not receive sotrovimab
Received sotrovimab as a prophy-
lactic treatment or for primary

treatment of moderate-to-severe
COVID-19

< 20 patients treated with sotro-
vimab

No treatment of interest

Outcomes not of interest Relevant outcomes are not reported

Publication type not of interest
Study design not of interest

Case Report, Editorial®, Opinion
Piece?, Letter to the Editor?,
Clinical Trial?, Narrative Review?,
Guidelines®

Pre-clinical studies (animal, in vitro,
ex vivo, pharmacokinetics)?

ICU intensive care unit, /V intravenous, SARS-CoV-2 severe acute respiratory syndrome coronavirus 2, SLR systematic literature review

#Criterion was revised or added following submission of the PROSPERO protocol
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Study selection

Studies were screened and selected for inclusion in the SLR
against predetermined population, interventions and com-
parators, outcomes, and study design criteria [22]. Only
studies matching any inclusion criteria and none of the
exclusion criteria listed in Table 1 were eligible for inclu-
sion. To capture all studies that included sotrovimab, we did
not define inclusion or exclusion criteria for the comparator
group. As the focus of this SLR was outcomes captured dur-
ing Omicron BA.2 predominance, only papers reporting on
this period are included here.

Two independent reviewers evaluated each title and
abstract against the defined selection criteria to determine
suitability for the SLR, and a third reviewer resolved disa-
greements. The same process was applied for the review of
the full-text articles.

Data extraction and quality assessment

Extraction of data from the included studies was performed
by a single extractor using a data extraction file designed in
Microsoft Excel. An independent researcher reviewed all
extracted fields, and discrepancies were resolved by a third
reviewer.

Extracted information included the study title and ref-
erence, study details and design, country, data source,
study population, number of patients, data collection
period and associated circulating SARS-CoV-2 variants,
follow-up duration, sponsor, key baseline characteris-
tics, and clinical outcomes. Clinical outcomes included
hospitalization and/or mortality (all-cause or COVID-
19-related), intensive care admission, emergency depart-
ment visits, respiratory support (e.g. use of supplemen-
tal oxygen), and COVID-19 progression (e.g. composite
endpoint such as intensive care unit [ICU]/respiratory
support/mortality), absolute (from baseline) and relative
(from Omicron BA.1 period, active or untreated compara-
tors) change in viral load during the acute phase post-
sotrovimab treatment, and proportion of patients with
undetectable viral load post-sotrovimab treatment. Where
sotrovimab was compared with no treatment, this refers
to patients who did not receive an antiviral or mAb to
treat COVID-19.

The Newcastle Ottawa Scale (NOS) was used to assess
the quality of each study by considering characteristics that
could introduce bias [23, 24]. Studies were judged on three
broad domains of their design: (1) selection of study groups,
(2) comparability of groups, and (3) ascertainment of either
the exposure or outcome of interest for case-control or
cohort studies, respectively. The maximum attainable score
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in an NOS quality assessment is 9 (accumulated across all
domains), with greater scores representing a lower risk of
bias.

Results
Study selection

Electronic database searches initially yielded a total of
257 papers. An additional 263 studies were obtained from
searching conference abstracts, preprints, and citation
chasing from relevant SLRs (Fig. 1). After the removal of
duplicates, 343 unique titles and abstracts were screened,
of which 89 were considered admissible for full-text
review. Of these, five observational studies containing
clinical or viral load outcome data for sotrovimab from
the BA.2 predominance period were considered eligible
for inclusion in the SLR [25-29]. We did not identify any
studies describing clinical outcomes post-BA.2. Reasons
for exclusion during the full-text review are detailed in
Fig. 1.

Study characteristics

An overview of the key characteristics of the five studies
included in the SLR is provided in Table 2. Of these stud-
ies, four were conducted by external investigators and one
(Cheng et al.) was sponsored by GSK and Vir Biotechnol-
ogy, Inc. (note that some authors of Cheng et al. [MD and
DCG] are also authors of this SLR) [25]. Studies were
conducted in Italy (n=1), Qatar (n=1), England (n=2),
and the US (n=1). Three studies employed an ecological
design, with the date or month of COVID-19 diagnosis
used as a proxy for the likelihood of an infection being
attributable to the prevalent Omicron subvariant circulat-
ing in the country/region at the time [25, 28, 29]. The
other two studies used sequencing data to ascertain the
SARS-CoV-2 subvariant of infection [26, 27]. All studies
included patients defined as being high-risk.

In total, these five studies included up to ~ 1.5 million
high-risk patients with COVID-19, of whom approxi-
mately 34,000 received sotrovimab as an early treatment
for mild-to-moderate COVID-19 (approximately 12,000
of whom were treated during the period of Omicron BA.2
predominance). The high-risk populations included in
the studies were heterogeneous, reflecting the differing
treatment recommendations in each country at the time of
study conduct. The population in the Cheng et al. study,
conducted in the US [25], reflected the US EUA eligibility
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Full-text articles excluded, with reasons
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=) N =89

w

Study design (n = 4)
n<20 (n =3)

)

o Studies included in

3 qualitative synthesis

2 N=5

Population not of interest (n = 57)
No treatment of interest (n = 13)

Outcomes not of interest (n = 6)
SLR (used for citation chasing) (n = 1)

Fig.1 PRISMA flow diagram of studies included in the SLR. PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses,

SLR systematic literature review

criteria for sotrovimab, as defined in the Infectious Dis-
eases Society of America guidelines [31], which were very
similar to the Agenzia Italiana del Farmaco guidelines [32]
used in the Italian study by Mazzotta et al. [27]. Criteria
such as an age of > 65 (US) and > 65 (Italy) years, or the
presence of at least one comorbidity, such as obesity, dia-
betes, cardiovascular or chronic lung diseases, were not
included in the NHS England guidelines for sotrovimab
[33]. As NHS England had fewer criteria, the population
eligible for receiving sotrovimab in the English studies by
Harman et al. and Zheng et al. could be considered to be
at an even higher risk [26, 29]. It should be noted that the
two studies from England likely sampled from overlapping
patient populations during the same time period. Finally,
in Qatar, only 9% of residents are aged > 50 years, which
was reflected in the study population of Zaqout et al., and
being unvaccinated was considered a risk factor, making
the population less likely to match those identified as high-
risk in other studies [28].

Quality assessment

Out of the maximum attainable score of 9 on the NOS, three
studies achieved a score of > 7, suggesting that they were of
comparatively good quality (Supplementary Table 2) [25,
26, 29]. The observational cohort studies by Cheng et al.
in the US [25] and Zheng et al. in England [29] that used
FAIR Health claims data and the OpenSAFELY platform,
respectively, were awarded a score of 8 and scored highly
across all NOS domains. The observational cohort study by
Harman et al. was awarded a score of 7 [26].

The remaining two studies were awarded a score of 6
[27, 28]. Mazzotta et al. were primarily designed to explore
changes in SARS-CoV-2 viral load following treatment, and
its score of 6 mainly reflects any shortcomings in assessing
clinical outcomes rather than overall study quality. While
viral load outcomes were adjusted for a range of clinical
parameters, estimates of hospitalization and mortality were
not [27]. Zaqout et al. were also awarded a score of 6 for
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Cheng et al., 2022 4

Selection
3

Harman et al., 2022
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Mazzotta et al., 2023 2 2

Selection
Zaqout et al., 2022 4

Zheng et al., 2022 Selection

Outcome Comparability
2 2

Outcome Comparability
3 1

Comparability
2
Outcome

Comparability

Comparability
2

Total NOS score

Fig.2 NOS total and bias domain scores across the studies included in the SLR. NOS Newcastle Ottawa Scale, SLR systematic literature review

not stipulating a timepoint by which the outcomes were to
occur, not clearly defining all endpoints, and because it was
generally less comprehensive about the adjustment made for
potential confounders between the two comparative cohorts
(Fig. 2) [28].

It should be noted that NOS was used to assess the quality
of each paper in its totality rather than by specific subgroups,
endpoints, time periods, or SARS-CoV-2 variants. This is of
particular relevance to the studies by Cheng et al. and Zaqout
et al., which both included limited data on the Omicron BA.2
subvariant [25, 28]. The study by Cheng et al. was limited
by the small sotrovimab sample size during March and April
2022 due to the deauthorization of sotrovimab, which led to
wide confidence intervals (Cls) for this period [25]. Due to
the staggered deauthorization of sotrovimab in the US at the
time, this study was limited in its ability to assess the clinical
effectiveness of sotrovimab during BA.2 predominance. The
study by Zaqout et al. was also limited by its sample size
during BA.2 predominance [28].

Clinical outcomes

Of the five included studies, four reported on the compos-
ite measure of hospitalization or mortality, either related to
COVID-19 [26, 27, 29] and/or all-cause [25, 26] during the
period of Omicron BA.2 predominance. A single study, by
Zheng et al., also reported estimates for mortality (due to any
cause) alone [29]. Clinical outcomes were reported within
28 or 30 days of treatment, with the exception of Harman
et al., which reported outcomes within 14 days of treatment
[26]. Only one study (Zaqout et al., Qatar) described the

results for progression to severe, critical, or fatal COVID-19
[28]. It should be noted that the reasons for COVID-related
hospital admission in Qatar differed from other included
studies; hospitalization was utilized as a means to proac-
tively deploy treatment with the goal of preventing transmis-
sion and progression of COVID-19, as opposed to reducing
the risk of further progression [34]. As such, any comparison
of hospitalization proportions with the other studies should
be undertaken with caution.

Four studies reported outcomes for sotrovimab during
periods of both Omicron BA.1 and BA.2 predominance
[25-27, 29]. Of note, Zaqout et al. only reported outcomes
during a period when both Omicron BA.1 and BA.2 were
circulating without differentiating outcomes by subvariant
[28].

The clinical outcomes data extracted from the five studies
included in this review are provided in Table 3. Of note, we
mainly report hospitalization and/or mortality within this SLR,
with limited data available on other outcomes, such as ICU
admission and viral load. No data were available for respira-
tory status. A summary of results deemed most pertinent to
the objectives of this study, namely clinical outcomes during
periods of Omicron predominance, when available, are pre-
sented in Fig. 3.

Descriptive clinical outcomes
The proportions of patients experiencing COVID-19-re-
lated hospitalization or mortality were consistently low

across all studies and across periods of both Omicron BA.1
and BA.2 predominance. For sotrovimab-treated patients,

@ Springer



M. Drysdale et al.

10

(0001 8T N Q1) W
(0001) ¥€ I re) | (0% > proysa1y d[o42)
AN (LS'88) 1€ INY/IN (0°001) 9 (SE) WI/MN 96 LKed  peO[ [BIIA S[qEIOASPUN) Tvd
(16°06) 06 ‘N (66) W
(L9'16) LL ¥8) | (0% > proysa1y 9o4d)
AN (1L°68) Ty IIMIN (TS'¥6) 8€1 (6%) WI/MIN 9l LAed  peol [ella 9qeIdalopu[) v
0)0 W
0oy
L8/0 (1¢) 9TT/L QDN (esned-[re)
TVE+TVEIRPAQ TV + 'V [[eIoAQ e wow  AelIow 10 (PAJR[RI-6]
AN 0 /AN 4 (SE) WI/MIN 9¢ -1891 JO SAep 0¢  -AIAOD) uoneziendsoq Tvd
(XA (66)
0oy (D) Tiaexidnujopy
(€2 L8/ (1) 9TTL (¥8) () HAISIpWSY (esneo-[[e)
TVA+TVAIRIAQ TV + 1V [[B19AQ (6%) (rg/1ND) wow  Ayeiow Jo (paje[er-6|
AN (AN AN G IABUOJLI/IIA[OIEULIIN 9pl -1ean jo skep 0¢  -dIAOD) uonezieidsoy v
[L2] €20T “Te 10 enozzeN
PAN=4 (§9°'1-85°0) 86'0 ¥H LneL:rvd (s8z) 1'vd wow  (palelRI 61-AIA0D) A
I'vdsazvd 1) 29 Tvd (S9st) Tvd -1891) JO SAEp ] -TelIow Jo uonezie)dsoy 'vdsa7vd
pAN=d (98 T—+L0) LT'T ¥H (12 16:1'vd (s8th) 1'vd uow (esneo-[re) A
['vd sa7vd - w1 LLTvd T (s9sh) Tvd -1ean Jo sAep ] -[ertow Jo uonezieydsoy ['Vd sa7vd
[92] T20T “Te 10 uBWLIEH
AN PaYdIEN
-CS'0=d “(8¢'T—+0°0) (87) 160S
T€°0 PAUNEIN-Sd 720T Tdy 17V 10§ pourquio) 00 T PITT
S 0=d(yS'¢ (8ET'LIT 17V 10} pauIquio) (N :payorewr Tvd 1oy
—80°0) ¥$°0 MY ¢TOT 1Ay JO %06°T ‘PAIEINO[Ed) (89 JO %LY'T ‘PAC]  ‘6GLT8T TV 10} pauIquio)
,1000°0>d (95°0-€2°0) 87CT ‘707 Idy  -noed) [ :zz0g [dy  pautquiod 8¢z LT1 89
9¢°0 PAYdIEW-Sd TTOT YOIEIN (125°69 90130 :ZT0T IHdV {12669 1ze0t [udy 720t
q10000>d (790 JO %LE ¥ ‘Pore[nI[ed) 9%10°C ‘Pore[no[ed) 17T0T YoIe N 9101 stsou (esnea-[re) At [udy y3noyy
—LT°0) T+'0 ¥¥ TTOT YoIeN £98T 1TT0T YOI 1T :TT0T YOTBIN  paydlewiun) QYW oN  :770T YoIeN -3eIp jo skep (¢ -[e3rowr Jo uonezifedsoy T20T YOI
(zeog Tdy
(S0'62) (LOE V8 s1sou ysno1y) 170
AN 681 “paydrEWIUL) (S$°ST) 69 :paydewILN) VW ON 8Tt -3ep jo skep O¢ D] 03 uoIsSIpY  1oquildeg) [[e1eAQ
»,10000>d
“(€4°0-5€°0) 6£°0 paydreW-Sd AN Py (T€ST9 (zzoT dy
q10000>d (65°S) paydIeW ‘898 YIS sISou (esneo-[re) Ay ysno1y) 170
‘(6V0-TH0) SY'OId  0TLPS :paydewu (89°7) 61  :paydIEWILN) VW ON £€9°GT -Seip Jo skep ¢ -[estowr Jo uonezifendsoy Iequialdes) [[e1AQ
[s2l 22T <18 30 Sudy)
Jojeredwo BWIAOIO
QoueOYIUIIS ! o riinonos {\)
“(ID %S6) 19939 2ANR[Y (%) N dwoonQ (N) 103eTRdWOD) qewrraonog jurod swm awodnQp uonIuyep swodnQ jueurwopaid juerrep

doueurwopaid 7 yg uonnuQ SuLnp qewIAoos JO SSOUATIOR [BIIUI]) € 3|qel

pringer

Qs



"

Real-world effectiveness of sotrovimab for the treatment of SARS-CoV-2 infection during Omicron...

soseasIp A10je1rdsal pue OBIPIED JIUOIYD pue

‘uorsualIadAy ‘sajaqerp ‘A1039)ed Xopul ssew Apoq “Yoam Iepud[ed ‘snjels uoneurddeA ‘so[nuinb uoneardop ordninw jo sadIpur ‘ANdIUYIS ‘SILI03ILD 11040 YSLI-Y3IY (O] ‘x9S ‘@3e 10j pasnlpyg

uowom jueudard pue ‘sredk G/ < paSe 9s0y) ‘S[eNpIAIPUL PAIBUIOdRAUN ‘(SNIIA AOUSIOIOpPOUNWIWI uewny YIIm sjudned pue ‘AoUsIoyopountuiil 9I0AdS Y)im sjuared

‘syuounjean) dArssarddnsounwir 1o Aderoyowsyd SurAtedar sjusned Juerdsuen [[00 wa)s onerodojewdy Jo UeSIO PIfOs Jo sudIdIoar) pasIoIdWod0UNIIT A1om OUM S[ENPIAIPUL St PAUYa(,

aseyd orwopids pue qunods Arpigrowod ‘dnoid Ajjeuoneu ‘dnoisd o3e “xas ‘smyels uonodJul Jorid ‘sniels UONBUIIORA £Q 0M]-01-0UO0 PIYDILW-IOBXA AIOM S[OTUOD PUB $ISB)),

SIOPUNOJUOD J0J JUNODIE O) SIJEIS UONEUIOOEA PUE a3k Ul 199)j0 Jeaul] ‘dnoi3 aSe 1o paisnipy “suosear pajejar-Kmnfur Joy suorssrupe [eydsoy papnjoxe uoneziedsoH,

SUONIPUOd YSLI-YSTY P)Oo[es pue ‘AYTeInI ‘UOISaI Xas ‘ae ‘YIuow SIsouSerp uo payde,

SUIIRA 6]-AIAQD PRIUSWNIOP PUE ‘SUONIPUOD YSLI-YSIY ‘A)NeIn ‘UOISAI ‘Xas @5 K1050)ed ‘Yyuow sIsouserp Joj pasnlpy

(8w 0OS AJ) SUOTIEPUSIIOIAT AUI[APINS 0) SUIPIOOIE PaI)SIUTWIPE ‘SUIAS PIIOM-[BAI B UT qRIUIAOIIOS PAJBN[eAd SOIpPMIS [V,

YSLI QATIR[QI Yy “TIAISOpPWIAI Y ‘paySrom 2109s Aysuadord g §4 ‘2100s Kyisuad
-01d §4 ‘o1jel Sppo YO ‘ParIodal 10U YN ‘HMABUOILI/IIA[QNBWLITU /13417 ‘APOQTIUE [BUO[OOUOW qY/ul ‘IIARIIdNUIOW Jy ‘Onel prezey YH ‘610 2SeaSIP SNIIABUOIOD 6] -([AQD ‘[BAIDUI 20UIPYUOD )

(oLe1) jusw (pare
AN (96'0) 61 €106 Taendnujopy 6L6S -1ean jo skep 87 -2I-61-ATAQD) AN[EIOIN ovd
(6890 Jusw (parer
AN (L9°0) 81 azo) L Taendnujopy Ieee -1ean jo skep 87 -21-61-AIA0D) AN[EIOIN Ivd
30100=4(98°0
—7€°0) £5°0 YH X0D-MSd
31000=4 ‘(1L'0-LT'0) Jusw (Pare[aI-61-ATAQD) A1t
¥¥°0 ¥H x0D payheng (€00 o (S6'0) LS (0L6T) Maeadnuoly 6L6S -Jean jo skep g7 -Teriow 1o uonezie)dsoy ovd
35000=4*(18°0
—1€°0) 0S°0 ¥H X0D-MSd
a7100=4 ‘(88'0-€€°0) Juow (Pare[eI-6 [-ATAOD) ANt
¥$°0 ¥H x0D paygheng (00 s (96'0) T  (6897) Maeadnuo Ieee -Jean jo skep g7 -[eriow 1o uonezie)dsoy I'vd
[62] TToT “Te 10 Susyz
J61-AIAQD 219435 JO
st 1oy31y e syuaned ur
61-ATAOD e8] 10 ‘Tedt
68 7-91°0) 88°0 oD¥ one (16€) Juaunean oN 0lc AN -1 2I0A8S 0) UOISSAIZ0I] uono
6l
~dIAOD [®}e} IO ‘[eonLId
AN o 607 (1€p) Juaunean oN €€T AN 9I0A9S 0) UOISSAIZ01] uoIoTI()
26 1-AIAOD 219435 JO
st 1oy31y 3e sjuened ur
61-AIAOD [e3e} 10 ol
87 T-LT0) §9°0 YO passnlpy CDs one¢ (€€S) Juaunesn oN g6c AN IO “9I0A3S 0] UOISSAIT0IJ  UOIOTQ) PUE IR
6l
JL16°TT -dIAOD B8] 10 ‘[2onLID
—09°0) L9'C YO pasnlpy co¢ @nv (€85) Juaunean oN Sre AN ‘QI0A9S 0] UOISSAITOIJ  UOIOIW() PUE BT
[8c] ZZ0T "8 30 1nobez
Joreredwo BWIAONO
QoueOYIuIIS ! o riinonos L\
“ID %S6) 19932 2Ane[Y (%) N dwoonQ) (N) 10jeredwio)  qewraonog jurod owin SWOIN) uonruyep swoon) jueuropaid juerrep

(ponunuoo) ¢ 3jqey

pringer

A's



12 M. Drysdale et al.
Study Location and grouping Outcome (timepoint) Event ient: Esti (95% Cl)2 ® Covio-19 cutcome
Chengetal., US: BA.2° Hospitalization or mortality (by day 30) 22/1114 2.0% (1.2-3.0) —&—+
2022
Chengetal., US: Delta, BA.1,and BA.2 Hospitalization or mortality (by day 30)  419/15,633 2.7% (2.4-2.9) A
2022
Harman et al., England: BA.1¢ Hospitalization or mortality (by day 14) 73/4285 1.7% (1.3-2.1) —-—

2022
Harman et al., England: BA.2¢ Hospitalization or mortality (by day 14) 62/4565 1.4% (1.0-1.7) —
2022
Mazzottaetal., Italy: BA.1 and BA.2 Hospitalization or mortality (by day 30)d 71226 3.1% (1.3-6.3) I 'm |
2023
Zaqoutetal., Qatar: BA.1 and BA.2 COVID-19 progression (not stated) 2/233 0.9% (0.1-3.1) e
2022
Zheng et al., England: BA.1¢ Hospitalization or mortality (by day 28) 32/3331 1.0% (0.7-1.4) I
2022
Zheng et al., England: BA.2¢ Hospitalization or mortality (by day 28) 57/5979 1.0% (0.7-1.2) T S
2022
0% 2% 4% 6%

Fig. 3 Point estimates for hospitalization or mortality (as a composite
endpoint) or clinical progression for sotrovimab-treated patients. CI
confidence interval. %95 ClIs calculated via Clopper-Pearson methods
using reported data. "Defined as March through April 2022 in source

COVID-19-related hospitalization or mortality ranged from
1.0% [29] to 3.1% [27] during Omicron BA.1 predominance,
and from 1.0% [29] to 3.6% [27] during BA.2 predominance.

The proportions of patients experiencing all-cause hospi-
talization and mortality ranged between 2.1% and 2.7% for the
Omicron BA.1 period, and 1.7% and 2.0% for the Omicron
BA.2 period, as reported by Harman et al. (day 14) and Cheng
et al. (day 30), respectively [25, 26]. Mortality as a standalone
endpoint was only reported by Zheng et al.; COVID-19-re-
lated mortality was estimated at 0.21% (n="7/3331) for the
sotrovimab group vs 0.67% (n=18/2689) for the molnupira-
vir group during Omicron BA.1 predominance, and 0.15%
(n=9/5979) vs 0.96% (n=19/1970) during Omicron BA.2
predominance, respectively [29].

Clinical effectiveness of sotrovimab vs control/comparator

Three studies examined the clinical effectiveness of sotro-
vimab vs a control/comparator during the Omicron BA.2
predominance period [25, 28, 29].

The study by Zheng et al., which was conducted in Eng-
land, demonstrated that sotrovimab was associated with a
substantially lower risk of 28-day COVID-19-related hos-
pitalization or mortality compared with molnupiravir dur-
ing both the Omicron BA.1 and BA.2 subvariant surges

@ Springer

Proportion with outcome

and assumes homogeneity in the distribution of SARS-CoV-2 vari-
ants across all US states. ‘Only COVID-19-specific outcome shown;
all-cause outcome also reported in source. “Hospitalizations were
COVID-19-specific; deaths could be due to any cause

[29]. Cox proportional hazards models indicated that after
adjusting for demographics, high-risk cohort categories,
vaccination status, calendar time, body mass index, and
other comorbidities, sotrovimab was associated with a sub-
stantially lower risk of COVID-19-related hospitalization
or death compared with molnupiravir during the Omicron
BA.1 (adjusted hazard ratio (HR) 0.54, 95% CI 0.33-0.88;
p=0.014) and BA.2 (adjusted HR 0.44, 95% CI1 0.27-0.71;
p=0.001) periods (Table 3).

The US-based study by Cheng et al. reported that sotro-
vimab was associated with a lower risk of 30-day all-cause
hospitalization or mortality compared with no mAb treat-
ment during the Omicron BA.2 subvariant surge in March
and April 2022 (Table 3) [25]. In March 2022, sotrovimab
effectiveness was significantly higher with an adjusted
relative risk (RR) reduction of 59% (adjusted RR 0.41,
95% CI 0.27-0.62) and a propensity score-matched RR
reduction of 64% (adjusted RR 0.36, 95% CI 0.23-0.56)
in 30-day all-cause hospitalization or mortality among
sotrovimab-treated patients vs patients not treated with a
mADb. In April 2022, the adjusted RR reduction in 30-day
all-cause hospitalization or mortality among sotrovimab-
treated patients was 46% (adjusted RR 0.54, 95% CI
0.08-3.54) and the propensity score-matched RR reduction
was 68% (adjusted RR 0.32, 95% CI 0.04-2.38) compared
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with patients not treated with a mAb (Table 3). During
Delta and Omicron BA.1 predominance (September 2021
to March 2022), treatment with sotrovimab compared with
no mAb was associated with significant RR reductions in
30-day all-cause hospitalization or mortality ranging from
51% (December 2021, RR 0.49, 95% CI 0.43-0.57) to 71%
(October 2021, RR 0.29, 95% CI 0.17-0.51) (propensity
score-matched RR reductions from 55% [December 2021,
RR 0.45, 95% CI 0.39-0.53] to 73% [October 2021, RR
0.27,95% CI1 0.15-0.47]) [25].

Zaqout et al. examined the real-world effectiveness of
sotrovimab against COVID-19 in Qatar between October 20,
2021 and February 28, 2022 [28]. This study reported that
the adjusted OR of disease progression to severe, critical,
or fatal COVID-19 for sotrovimab vs no treatment over the
entire study period was 2.67 (95% CI 0.60-11.91) (Table 3).
Patients described as being at higher risk of severe forms of
COVID-19 (immunocompromised, unvaccinated individu-
als, aged > 75 years, and pregnant women) had lower odds of
progression (adjusted OR 0.65, 95% CI 0.17-2.48).

When restricting the main analysis to the Omicron-
predominant period (December 19, 2021 to February 28,
2022) an adjusted OR of disease progression could not be
calculated, as none of the 431 patients who received no
treatment were observed to have progressed; two of the 233
(0.9%) patients treated with sotrovimab progressed during
this phase (Table 3, Fig. 3). The analysis of the subgroup of
patients at higher risk of severe forms of COVID-19 during
this Omicron-predominated period yielded an adjusted OR
of 0.88 (95% CI1 0.16-4.89) (Table 3) [28].

Zagqout et al. described outcomes for study populations
that they referred to as ‘main analysis’ and ‘subgroup analy-
sis’. However, the ‘control’ cohorts for these two analyses
were selected using different matching methodology; this
approach is likely why a greater number of events were
reported in the ‘subgroup analysis’ control group than that
observed in the ‘main analysis’ control group.

Clinical outcomes with sotrovimab in treating
Omicron BA.1 vs BA.2

A single study, conducted by Harman et al. in England,
directly compared clinical outcomes of sotrovimab-treated
patients infected with Omicron BA.1 (n=4285) vs Omi-
cron BA.2 (n=4565), as confirmed by sequencing [26]. The
results of this study suggested that the risk of hospital admis-
sion was similar between Omicron BA.1 and BA.2 infections
treated with sotrovimab (Table 3); there was no evidence of
a difference in the risk of hospital admission with a length
of stay of >2 days within 14 days of sotrovimab treatment
between the BA.1 (2.1%, n=91) and BA.2 (1.7%, n="177)
subvariants (HR 1.17, 95% CI 0.74—1.86) [26].

Discussion

This SLR identified and assessed all observational studies
in the published literature available as of November 3, 2022,
which reported clinical outcomes for patients treated with
sotrovimab during Omicron BA.2 subvariant predominance
and onwards circulating variants. In this context, real-world
evidence is potentially a more agile source of evidence than
randomized clinical trials.

A recently published SLR and meta-analysis by Amani
et al. demonstrated the real-world effectiveness of sotro-
vimab in terms of reducing hospitalization and mortality
during both the Delta and Omicron BA.1 periods of predom-
inance [20]. The findings of the current SLR build on the
work of Amani et al. and demonstrate the real-world benefit
of sotrovimab for the treatment of COVID-19 during the
Omicron BA.2 predominance period. The studies included
in our review consistently reported low proportions of severe
clinical outcomes (such as all-cause or COVID-19-related
hospitalization or mortality) in patients treated with sotro-
vimab during the predominant period of Omicron BA.2. In
addition, although only a limited number of studies evalu-
ated the clinical outcomes of sotrovimab during both the
Omicron BA.1 and BA.2 periods, these demonstrated that
clinical outcomes in patients with COVID-19 treated with
sotrovimab were consistently low across Omicron BA.1 and
BA.2 predominance periods. Furthermore, one large study
by Harman et al. found no evidence of a difference in clini-
cal outcomes when directly comparing patients treated with
sotrovimab with sequencing-confirmed BA.1 and BA.2 [26].
Together, these findings provide no evidence to indicate that
the neutralization fold change reported in vitro led to a com-
mensurate change in the effectiveness of sotrovimab.

The low proportions of severe clinical outcomes summa-
rized in the current SLR closely align with the 1% all-cause
hospitalization or mortality through day 29 reported for
sotrovimab in the randomized COMET-ICE trial conducted
when the wild-type strain was predominant [13]. These real-
world clinical effectiveness data were generated from the
recent use of sotrovimab in patient populations as recom-
mended by country-specific guidelines, and hence reflect the
clinical risk and immunological characteristics of the patient
population more closely than clinical trials. In particular,
population-level immunity resulting from both vaccination
and prior infection means these effectiveness results provide
important information for prescribers, as the COMET-ICE
population was unvaccinated and likely immunologically
naive.

In the current SLR, two high-quality studies from Eng-
land were included [26, 29]. The observational cohort study
by Zheng et al. leveraged the substantial size of the Open-
SAFELY platform database to examine the effectiveness of
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sotrovimab in preventing severe COVID-19 outcomes across
both the Omicron BA.1 and BA.2 periods of predominance
using propensity scoring methodology and a number of sen-
sitivity analyses to confirm the robustness of the analyses
[29]. This study demonstrated that sotrovimab was asso-
ciated with a substantially lower risk of 28-day COVID-
19-related hospitalization or mortality during the Omicron
BA.2 subvariant surge compared with molnupiravir after
adjustment. The proportions of COVID-19-related hospi-
talization or mortality for sotrovimab were also comparable
across Omicron BA.1 and BA.2. Lower mortality in patients
treated with sotrovimab vs molnupiravir was also reported
during both Omicron periods of predominance. Zheng et al.
concluded that these data support a persistent protective role
for sotrovimab against the Omicron BA.2 subvariant [29].
It should be noted, however, that guidance in England for
molnupiravir was changed from a second- to third-line treat-
ment option between the Omicron BA.1 and BA.2 periods
of predominance, while sotrovimab remained a first-line
option during both periods [33]. Although the impact of this
change in national recommendations is unclear, it may have
altered the baseline characteristics of patients who received
molnupiravir in the Zheng et al. study, and the analysis of
the BA.2 period was considered exploratory by the authors.
Multiple sensitivity analyses were undertaken as part of this
study, and the consistency of the results was maintained.

The results from Zheng et al. are supported by Harman
et al. [26]. This large retrospective cohort study of SARS-
CoV-2-sequenced patients in England assessed the risk of
hospital admission or mortality within 14 days in patients
treated with sotrovimab and infected with Omicron BA.2,
compared with Omicron BA.1. No evidence of a differ-
ence between the Omicron BA.2 and BA.1 subvariants was
observed. However, it should be noted that testing guidance
in England varied during Omicron predominance, and free
community testing was restricted from April 1, 2022. This
reduced sequencing capacity and thus impacted the overall
number of cases available for inclusion in Harman et al.;
possible selection bias may have been introduced after this
date as a result. In addition, the absence of a comparator-
treated control group, and the limited information on comor-
bidities and severity, limit the utility of the study in assessing
the effectiveness of sotrovimab during the Omicron BA.2
period. Nevertheless, the fact that the results of both the
Zheng et al. and Harman et al. studies are consistent across
different clinical outcomes further supports the robustness
of these findings. In addition, the findings of the ecological
study conducted by Zheng et al. are aligned with the findings
of Harman et al., where a variant of infection was confirmed
by sequencing. The remainder of the studies identified in the
SLR are consistent in reporting low rates of severe clinical
outcomes in sotrovimab-treated patients during periods of
Omicron BA.1 and BA.2 predominance.

@ Springer

A single study from Zaqout et al., however, reported a
point estimate for the main finding of progression to severe,
critical, or fatal COVID-19 in favor of the comparator group
who received no treatment [28]. These results had wide Cls
and were non-significant, and it is notable that the point esti-
mate is favorable for sotrovimab when the analysis popula-
tion is limited to those only at higher risk. It should be noted
that a selection bias toward patients less likely to progress
to severe disease was expected for the control group in this
point estimate, as patients were excluded from the control
group if they showed signs or symptoms of severe COVID-
19 within 7 days of diagnosis.

Two additional studies that did not meet the inclusion cri-
teria of this SLR but support its findings (consistent clinical
benefit with sotrovimab during the Omicron BA.2 subvariant
predominant period) were identified. Interim results of the
French multicenter, prospective, observational cohort study,
COCOPREYV, were published as a Letter to the Editor at the
time of the review and were, therefore, out of scope [35].
These results indicated low and similar proportions of hos-
pitalization or mortality within 28 days of sotrovimab treat-
ment in patients infected with Omicron BA.1 (n=125;2.4%;
95% CI 1-7) and BA.2 (n=42; 2.4%; 95% CI 0-13) viral
variants, as confirmed by sequencing. No patients died in
either group. In addition, there was no evidence of a differ-
ence in the slope of the change over time in the cycle thresh-
old values between Omicron BA.1 or BA.2 infected patients
(p=0.87), indicating that time to virus resolution was similar
between the two groups. It should be noted that the sample
size of Omicron BA.2 infected patients in COCOPREV was
comparatively small [35]. Secondly, the results of an interim
report of a Japanese post-marketing study were only pub-
lished in Japanese at the time our SLR was conducted and
were thus excluded. Results were subsequently published in
English and demonstrate a similarity in clinical outcomes
for sotrovimab-treated patients infected with both Omicron
BA.1 and BA.2 [36]. Progression (defined as needing oxygen
or ventilation, needing ICU for exacerbation, hospitalization
for exacerbation, or death due to exacerbation) within 29
days of sotrovimab administration or discharge/transfer date
was assessed in hospitalized patients with mild-to-moderate
COVID-19 (n=246 for clinical outcomes). The rate of pro-
gression was found to be similar between the groups: 0.8%
(95% CI 0.02-4.63; n=1/118) in Omicron BA.1 (January
31, 2022 to March 27, 2022) and 0% (95% CI 0.00-2.84;
n=0/128) during BA.2 (March 28, 2022 to June 19, 2022).
While many patient characteristics were similar across the
periods, small differences in sex, age, weight, comorbid-
ity status, vaccination status, and body temperature were
reported, and not corrected for. It should also be noted that
hospitalization in Japan was not only for clinical reasons,
which may have affected these findings [36].
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Limitations

This SLR has several limitations that should be consid-
ered. Firstly, the number of studies identified in this SLR
is small, although they collectively included a large num-
ber of participants. Due to the rapidly evolving landscape
around COVID-19, real-world data for sotrovimab are still
emerging, and it is expected that additional observational
studies will further contribute to the understanding of sotro-
vimab’s effectiveness during the recent period of Omicron
BA.2 predominance. Secondly, three studies published in
preprint databases have been included in this SLR [25, 26,
29]. While these should be interpreted with caution, as they
are not peer-reviewed, preprint publication has been com-
monly used throughout the COVID-19 pandemic to rapidly
report outcomes so as to guide responsive decision-making
around urgent public health matters [37]. All of these studies
have subsequently been published in peer-reviewed format
[38—40], with no differences in the included data that would
impact the conclusions of this SLR. In addition, due to a lack
of sequencing data, several studies used an ecological design
to infer the causative variant using the date of SARS-CoV-2
infection [25, 28, 29]. Mazzotta et al. and Harman et al. used
sequencing data to fully ascertain the SARS-CoV-2 subvari-
ant of infection [26, 27]. We also cannot ascertain the impact
of vaccination (and other unmeasured factors) on outcomes
reported in this SLR; however, studies with a comparator
did receive a higher NOS score. Further, NOS scores would
likely have varied if studies were evaluated based on specific
subgroups, endpoints, and time periods, rather than overall.
Finally, a meta-analysis was not considered feasible as the
included studies were diverse in terms of population of inter-
est, target outcomes, study design, and analytical methods
applied to estimate clinical outcomes during Omicron BA.2;
combining studies may amplify the presence of confound-
ing factors.

Conclusions

Results from this SLR suggest continued clinical effective-
ness of sotrovimab (IV 500 mg) in preventing severe clinical
outcomes related to COVID-19 infections during the period
of Omicron BA.2 predominance vs control/comparator and
compared with the period of Omicron BA.1 predominance,
despite reduced in vitro neutralization activity. The stud-
ies included in this review were consistent in reporting low
proportions of severe clinical outcomes (such as hospitali-
zation and mortality) in sotrovimab-treated patients during
the periods of Omicron BA.1 and Omicron BA.2 subvariant
predominance. It is important to consider these findings with
a degree of caution due to the inherent heterogeneity (e.g.,

population of interest, target outcomes, study design, and
analytical methods applied) across the studies identified. It
is expected that future real-world observational studies will
further increase our understanding of sotrovimab’s effective-
ness during Omicron BA.2 predominance.
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