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Abstract

Purpose To evaluate clinical outcomes associated with sotrovimab use during Omicron BA.2 and BA.5 predominance.
Methods Electronic databases were searched for observational studies published in peer-reviewed journals, preprint articles
and conference abstracts from January 1, 2022 to February 27, 2023.

Results The 14 studies identified were heterogeneous in terms of study design, population, endpoints and definitions.
They included > 1.7 million high-risk patients with COVID-19, of whom approximately 41,000 received sotrovimab (range
n=20-5979 during BA.2 and n="76-1383 during BA.5 predominance). Four studies compared the effectiveness of sotro-
vimab with untreated or no monoclonal antibody treatment controls, two compared sotrovimab with other treatments, and
three single-arm studies compared outcomes during BA.2 and/or BA.5 versus BA.1. Five studies descriptively reported rates
of clinical outcomes in patients treated with sotrovimab. Rates of COVID-19-related hospitalization or mortality (0.95-4.0%
during BA.2; 0.5-2.0% during BA.5) and all-cause mortality (1.7-2.0% during BA.2; 3.4% during combined BA.2 and BA.5
periods) among sotrovimab-treated patients were consistently low. During BA.2, a lower risk of all-cause hospitalization or
mortality was reported across studies with sotrovimab versus untreated cohorts. Compared with other treatments, sotrovimab
was associated with a lower (molnupiravir) or similar (nirmatrelvir/ritonavir) risk of COVID-19-related hospitalization or
mortality during BA.2 and BA.5. There was no significant difference in outcomes between the BA.1, BA.2 and BA.5 periods.
Conclusions This systematic literature review suggests continued effectiveness of sotrovimab in preventing severe clini-
cal outcomes during BA.2 and BA.5 predominance, both against active/untreated comparators and compared with BA.1
predominance.
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Introduction

As of October 2023, there have been over 770 million con-
firmed cases of COVID-19 globally, including nearly 7 mil-
lion deaths [1]. Since the declaration of the COVID-19 pan-
demic by the World Health Organization (WHO) in March
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2020 [2], new severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) variants have continued to emerge [3,
4]. COVID-19 continues to be responsible for a substan-
tial number of new infections globally, placing a strain on
healthcare systems around the world [1, 5].

Sotrovimab is a dual-action recombinant human IgGlx
monoclonal antibody (mAb) derived from the parental mAb
S309, a potent neutralizing mAb directed against the spike
protein of SARS-CoV-2 [6-9]. The safety and efficacy of
sotrovimab was demonstrated in the pivotal COMET-ICE
randomized clinical trial (NCT04545060), conducted during
the original ‘wild-type’ variant period of the pandemic [10].
A single intravenous (IV) infusion of sotrovimab (500 mg)
was found to significantly reduce the risk of all-cause >24-h
hospitalization or death by 79% compared with placebo in a
high-risk population with COVID-19 [10]. Sotrovimab (IV
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500 mg) was subsequently granted Emergency Use Author-
ization (EUA) by the United States (US) Food and Drug
Administration (FDA) 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 [11]. Sotrovimab was also granted
marketing authorization in the European Union, Norway and
Iceland [12], and Bahrain, and conditional marketing author-
ization in Australia [13], the United Kingdom [14], Saudi
Arabia and Switzerland [15]. In Japan, a Special Approval
in Emergency has been granted, and temporary/emergency
authorizations were granted in Canada, and the United Arab
Emirates.

Since the COMET-ICE trial was undertaken, new viral
variants have emerged, including the Omicron BA.2 sub-
variant that became predominant globally in March 2022
and the BA.5 subvariant that became predominant in August
2022 [16, 17]. In vitro neutralization assays demonstrated
that sotrovimab retained its neutralization capacity against
Omicron BA.1 but showed reduced neutralization potency
against later variants, such as Omicron BA.2 and BA.5 (16-
and 22.6-fold changes in ECs, respectively) [18]. In the
absence of clinical trials to assess the efficacy of sotrovimab
against these emerging variants, the clinical relevance of this
reduced neutralization observed in vitro was unknown, and
the FDA took the decision in April 2022 to deauthorize the
EUA for sotrovimab in the US [19].

Generating near real-time data on the efficacy of sotro-
vimab in the constantly evolving SARS-CoV-2 variant
landscape is challenging, and there is no validated model
that can reliably correlate in vitro neutralization to pre-
dicted clinical efficacy; hence, real-world evidence is a key
source of information to assess the benefit-risk profile of
sotrovimab. 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 and Omicron BA.1
variants [20]. In addition, we previously conducted a SLR of
papers published from January Ist to November 3rd, 2022,
the results of which suggested continued clinical effective-
ness of sotrovimab in preventing severe clinical outcomes
related to COVID-19 during Omicron BA.2 predominance
versus a control/comparator and compared with the period
of BA.1 predominance [21].

To investigate the use of sotrovimab against emerging
variants among patients either partially or fully vaccinated
against or previously exposed to SARS-CoV-2, including
impact on clinical outcomes, a SLR was undertaken to eval-
uate the current evidence on the clinical effectiveness of
sotrovimab during Omicron BA.2 and BA.5 predominance.
This SLR builds on our previous review [21] to cover studies
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including BA.5 predominance periods and newly published
papers on BA.2.

Methods

This SLR included observational studies investigating clini-
cal outcomes in patients treated with sotrovimab published
in peer-reviewed journal articles, preprint articles, and con-
ference abstracts between January 1, 2022 and February 27,
2023. The publication period was selected to identify publi-
cations reporting data during Omicron BA.2 and BA.5 pre-
dominance. Where available, data on other circulating vari-
ants were also extracted for potential comparison between
periods of variant predominance.

The SLR was conducted in accordance with Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (PROSPERO registration number:
CRD42022376733) [22].

SLR objectives

The primary objective of the SLR was to assess the clini-
cal effectiveness of sotrovimab in patients receiving early
treatment for COVID-19 (as used in accordance with local
COVID-19 guidelines) during the Omicron BA.2 and BA.5
predominance periods.

Data sources and search strategy

Searches were conducted using the following indexed elec-
tronic databases: MEDLINE (via OVID), Embase (via
OVID), LitCovid (via MEDLINE), Cochrane COVID-19
Study Register, and EconLit. Additional searches for rel-
evant preprints were conducted in ArRvix, BioRxiv (via
Embase), ChemRvix, MedRxiv (via Embase), Preprints.
org, ResearchSquare, and SSRN.

The following conferences were also searched for relevant
abstracts indexed from January 1, 2022: Infectious Diseases
Week; International Conference on Emerging Infectious Dis-
eases; European Respiratory Society; and European Con-
gress of Clinical Microbiology and Infectious Diseases.
These conferences were selected as they were likely to
include a wide range of newly available 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, different variants, sotrovimab, and observa-
tional study design (Supplementary Table 1). There was no
limit on geographical location, but only English language
publications were considered.
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Study selection

Studies were screened and selected for inclusion in the
SLR against predetermined PICOS (populations, inter-
ventions and comparators, outcomes, and study design)
criteria [23]. Only studies matching any inclusion criteria
and none of the exclusion criteria listed in Table 1 were
eligible for inclusion in the review. As the focus of this
SLR was on outcomes captured during Omicron BA.2 and
BA.5 predominance periods, only papers reporting these
subvariants are included here.

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

Table 1 Inclusion and exclusion criteria

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, with discrepancies resolved by a third
reviewer.

Extracted information included the study title and refer-
ence, study details and design, country(ies), data source,
study population, number of patients, data collection period
and associated circulating SARS-CoV-2 variants, follow-up
duration, sponsor, key baseline characteristics, and clinical
outcomes. Clinical outcomes included hospitalization and/
or mortality, intensive care admission, emergency depart-
ment visits, respiratory support (e.g., use of supplemental
oxygen), and COVID-19 progression (e.g., composite end-
point such as intensive care unit [ICU]/respiratory support/
mortality).

The 8-item Newcastle Ottawa Scale (NOS) was
used to assess the quality of each study by considering

Domain Criteria

Exclusion reason Exclusion description

Populations

Identified as having confirmed COVID-19

Have received sotrovimab for treatment of SARS-CoV-2
infection as per standard of care

Presented with the BA.2 subvariant onwards, or had
COVID-19 during BA.2 subvariant and onwards domi-
nant 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 500 mg
IV (n>20)

Outcomes Any of the following clinical outcomes within 30 days of
sotrovimab:

Hospitalization and/or mortality (all-cause or COVID-
19-related)

Intensive care admission

Emergency department visits

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

COVID-19 progression (e.g., composite endpoint such as

ICU/respiratory support/mortality)
Study design Any of the following study designs:

Observational studies (including sotrovimab-treated

single-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:

Population not of interest Patients aged < 12 years

Did not receive sotrovimab

Received sotrovimab as a prophy-
lactic treatment, or for primary
treatment of severe COVID-19

Fewer than 20 patients treated with
sotrovimab

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)

Clinical trials

COVID-19 coronavirus disease 2019, ICU intensive care unit, SARS-CoV-2 severe acute respiratory syndrome coronavirus 2, SLR systematic

literature review
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characteristics that could introduce bias [24, 25]. Studies
were assessed based on three broad domains of their design:
(1) selection of study groups, (2) comparability of the par-
ticipants in each group, and (3) ascertainment of either the
exposure or outcome of interest for case—control or cohort
studies, respectively [24]. For each study, the maximum
attainable score in a NOS quality assessment is nine (accu-
mulated across all domains), with greater scores represent-
ing a lower risk of bias.

Results
Study selection

Searches from electronic database and conference abstracts,
preprints and citation chasing from relevant SLRs yielded
a total of 767 papers (Fig. 1). After removal of duplicates,
584 unique titles and abstracts were screened, of which 140
were considered admissible for full-text review. Of these,
14 contained clinical outcome data for sotrovimab from the
BA.2 and BA.S periods onwards and were determined eligi-
ble for inclusion in the SLR. Reasons for exclusion during
the full-text review are detailed in Fig. 1.

Study characteristics

An overview of the key characteristics of the 14 observa-
tional studies included in the SLR is provided in Table 2.
Up to February 27, 2023, seven of the 14 studies were
published in an international peer-reviewed journal [26-32],
and seven were published as pre-prints [33-39]. Three of

Records identified
through database and
other sources searching
N=767

!

Records after duplicates
removed
n=584

!

Records screened
against predetermined
PICOS criteria
n=584

l

Full-text articles

 Saeening | | Identification |

the preprints have since been published in a peer-reviewed
journal [40, 41, 42]. Studies reported on populations from
the US (n=2), UK (n=6), Italy (n=1), Denmark (n=1),
France (n=1), Japan (n=2), and Qatar (n=1).

Seven studies were conducted via secondary analyses of
healthcare data, with sources including OpenSAFELY [38,
39], Discover-NOW dataset [36], SAIL Databank [33], and
the Hospital Episode Statistics database [35]. Other data
sources included patient electronic medical records or charts
[27, 28, 32, 37], insurance claims [26], and laboratory data
[29].

All studies evaluated clinical outcomes associated with
sotrovimab use. Four studies compared the effectiveness
of sotrovimab relative to untreated control groups or no
mAb treatment [26, 31, 33, 37]. Two provided compara-
tive effectiveness data for sotrovimab relative to other treat-
ments (e.g., mAbs, antivirals, corticosteroids) [38, 39].
Four studies comprised a single-arm treatment design and
compared clinical outcomes of sotrovimab-treated patients
during BA.2 and/or BA.5 predominant periods versus the
BA.1 period [30, 32, 34, 35]. Descriptive reporting rates of
clinical outcomes (e.g. hospitalization) in sotrovimab-treated
patients were used in five studies [27-29, 32, 36].

As all studies were observational, sotrovimab was utilized
as standard of care in accordance with local guidelines. For
the studies in the US, UK, Italy, France, Japan and Qatar,
sotrovimab 500 mg was the label recommended dose at the
time of the study period. We cannot exclude that another
dosage was used for the study in Denmark.

Nine studies reported outcomes for sotrovimab during
both Omicron BA.1 and BA.2 predominance [26, 29, 30,
32-34, 36-38]. One study reported outcomes during periods

Records excluded

n=444

Full-text articles excluded with reasons

assessed for eligibility
n=140

l

Studies included in
qualitative synthesis
n=61

Records identified
through hand search
n=1 «
Studies included in
the report
n=14

| Induded | | Eighiity |

n=79
« Publication not of interest (n=1)
« Study design not of interest (n=1)
« Population not of interest (n=4)
= No treatment of interest (n=9)
« Population =20 patients (n=11)
« MNo outcomes of interest (n=21)
« Preprint with a subsequent journal publication (n=13)
« Conference abstract with interim/incomplete data (n=5)
« SLR (for citation chasing only) (n=14)

Fig.1 PRISMA flow diagram of studies included in the SLR. PICOS populations, interventions and comparators, outcomes, and study design
PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses, SLR systematic literature review
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of Omicron BA.1, BA.2 and BA.5 predominance [36], two
studies during periods of Omicron BA.2 and BA.5 predomi-
nance [35, 39], and one Japanese study during periods of
Omicron BA.1 and BA.5 predominance [27]. Of note, Cheng
et al. also reported clinical outcomes for March and April
2022 when Omicron BA.2 was becoming predominant in the
United States, with estimated prevalence of 50% and 100%,
respectively [26]. Zaqout et al. only reported outcomes dur-
ing a period when both Omicron BA.1 and BA.2 were cir-
culating, without differentiating outcomes by subvariant, but
during which>70% of incidence cases were estimated to be
BA.2 infections [31].

Eleven of the 14 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 circulating in the country/
region at the time [26, 27, 30-33, 35-39]. The other three
studies used sequencing data to ascertain the SARS-CoV-2
subvariant of infection [28, 29, 34].

Collectively, the 14 studies included over 1.7 million
high-risk patients with COVID-19, defined as those with
pre-specified comorbid conditions and/or characteristics
leading to progression to severe COVID-19 (note that there
is a risk of partial study population overlap between obser-
vational studies conducted in the same country). Approxi-
mately 41,000 patients received sotrovimab as an early treat-
ment for mild-to-moderate COVID-19. Sample size varied
between studies, ranging from 179 patients in a single-center
study [27] to 1,530,501 patients from a nationwide US insur-
ance claims database [26]. Sample sizes of sotrovimab-
treated patients within specific variant predominance peri-
ods ranged from n=20-5979 during BA.2 and n=76-1383
during BA.5 predominance. The high-risk populations were
heterogeneous, reflecting the differing treatment recommen-
dations in each country at the time of study conduct. As
sotrovimab was administered as standard of clinical care,
the eligibility criteria for being enrolled in a study reflected
the guideline recommendations for sotrovimab as an early
COVID-19 treatment in individual countries.

Five studies were conducted in adults aged > 18 years [28,
33, 37-39], eight studies included patients aged > 12 years
[26, 29-32, 34-36], and one study did not report the age of
patients [27]. The reported mean age of sotrovimab-treated
patients in the selected studies ranged from 40 [31] to 79
[27] years.

Of the 14 included studies, seven reported on the compos-
ite measure of hospitalization or mortality during Omicron
BA.2 and BA.5 predominance, either related to COVID-19
[29, 34, 38, 39] and/or all-cause [26, 33, 34, 39] (Table 3).
Three studies reported estimates for mortality alone [27,
30, 38] and four studies reported on hospitalization alone
[30, 31, 35, 36]. One study reported on hospitalization or
emergency department or urgent care visits [37], and one

@ Springer

study briefly reported on the need for intensive care during
COVID-19 infection [27]. The Japanese study by Nose et al.
included a clinical endpoint of proportion of progressors,
defined as patients who required oxygen, non-invasive or
invasive ventilation, extracorporeal membrane oxygena-
tion, admission to high care unit or ICU, transfer to another
hospital, or died from exacerbation of SARS-CoV-2 infec-
tion [32]. In Japan, patients with COVID-19 were routinely
hospitalized at the beginning of treatment. This may explain
why the studies by Fujimoto et al. [27] and Nose et al. [32]
did not report hospitalization rates.

Clinical outcomes were generally reported within
28-30 days of treatment, with the exception of Harman
et al. (which reported outcomes within 14 days of treatment
[34]) and Rasmussen et al. (which reported outcomes within
90 days of COVID-19 diagnosis [30]).

One study (from Qatar) described the results for progres-
sion to severe, critical, or fatal COVID-19 [31]. It should be
noted that the reasons for COVID-19-related hospital admis-
sion in Qatar differed from other included studies. Hospitali-
zation was unrelated to COVID-19 severity and was utilized
as a means for dispensing treatment, or as part of a proactive
approach to prevent transmission and spread of the disease,
as opposed to reducing the risk of further progression [43].
As such, any comparison of hospitalization rates with the
other studies should be considered with caution.

Quality assessment

Out of the total maximum attainable score of nine on the
NOS, eight studies achieved a score of >7 [26, 28, 30, 33,
34, 37-39], suggesting that they were of comparatively good
quality (Fig. 2). The remaining studies were awarded a score
of 6 [29, 31, 35, 36] or 5 [27, 32]. Mazzotta et al. was pri-
marily designed to explore changes in SARS-CoV-2 viral
load following treatment [29], and its score of six mainly
reflects shortcomings in assessing clinical outcomes rather
than overall study quality.

All studies scored 3 or 4 on the selection bias domain (out
of a maximum score of 4), except Mazzotta et al. (score of
2), for which the ascertainment of exposure to sotrovimab
was not clearly stated [29]. Most of the studies (n=_8/14)
scored 2 on the comparability bias domain (out of a maxi-
mum score of 2), reporting no major differences in the
baseline characteristics of patients or providing adjustment
analyses. An exception was Nose et al., which scored zero
on this domain due to being a single-arm study.

NOS was not used to assess more specifically the qual-
ity of information related to the effectiveness of sotrovimab
during Omicron BA.2 or BA.5 predominance. This is of par-
ticular relevance to Cheng et al. [26] and Zaqout et al. [31],
which report limited data on Omicron BA.2.
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Real-world effectiveness of sotrovimab for the treatment of SARS-CoV-2 infection during Omicron...

Summary of clinical outcomes

The clinical outcomes data extracted from the 14 studies
included in this review are provided in Table 3.

Rates of COVID-19-related hospitalization or mortality
were consistently low across all studies and during periods
of Omicron BA.2 and BA.5 predominance (Table 3; Fig. 3).
For sotrovimab-treated patients, rates of COVID-19-related
hospitalization or death ranged from 0.95% [38] to 4.0% [37]
during Omicron BA.2 predominance and from 0.5 to 2.0%
during BA.5 predominance [36].

The proportions of patients experiencing all-cause hospi-
talization and/or mortality ranged between 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 [26, 33, 34]. Only
one study (Zheng et al.) reported a composite of all-cause
hospitalization and/or death in sotrovimab-treated patients
during the BA.5 predominance period [39]; the reported rate
(3.4%) was combined with the BA.2 period [39].

Zheng et al. reported a COVID-19-related mortal-
ity rate of 0.15% during Omicron BA.2 predominance
for patients treated with sotrovimab (n=9/5979), versus
0.96% for patients treated with the antiviral molnupiravir
(n=19/1970) [38]. COVID-19-related mortality during the
combined BA.2 and BA.5 predominance periods was esti-
mated at <0.18% for the sotrovimab group (n= <5/2847) vs
0.17% for nirmatrelvir/ritonavir (n=8/4836) [39], while all-
cause mortality during BA.5 predominance was estimated at
2.1% (n=1/47) for the sotrovimab group vs 8.3% (n=1/12)
for remdesivir + dexamethasone [27].

Clinical effectiveness of sotrovimab vs control (untreated
or no mAb)

Four studies examined the clinical effectiveness of sotro-
vimab vs a control during Omicron BA.2 predominance [26,
31,33, 37].

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 March and April 2022 (BA.2 period; Table 3)
[26]. In March 2022, sotrovimab treatment (n = 1046)
resulted in a significant reduction in propensity score-
matched relative risk (RR) of 64% (adjusted RR 0.36, 95%
CI0.23-0.56; p<0.001) in 30-day all-cause hospitalization
or mortality vs patients not treated with a mAb. In April
2022, the propensity score-matched RR reduction was 68%
(adjusted RR 0.32, 95% CI 0.04-2.38; p=0.519) compared
with patients not treated with a mAb.

The Zaqout et al. study in Qatar reported that the over-
all (periods of Delta and Omicron predominance com-
bined) adjusted odds ratio (OR) of disease progression to
severe, critical or fatal COVID-19 for the exact-matched

“Defined as individuals who were immunocompromised (recipients of solid organ or hematopoietic stem cell transplant, patients receiving chemotherapy or immunosuppressive treatments,
fAdjusted for age, sex, ten high risk cohort categories, ethnicity, IMD quintiles, vaccination status, calendar week, BMI category, diabetes, hypertension, chronic cardiac and respiratory diseases

patients with severe immunodeficiency, and patients with HIV), unvaccinated individuals, those aged > 75 years, and pregnant women
" Adjusted for age, sex, high risk cohort categories, ethnicity, IMD quintiles, vaccination status, calendar date, BMI category, diabetes, hypertension, chronic cardiac and respiratory disease

aOR adjusted odds ratio, BMI body mass index, HIV human immunodeficiency disease, HR hazard ratio, IMD indices of multiple deprivation, /RR incidence rate ratio, NR not reported, PS pro-

pensity score, PSW propensity score weighted, RR relative risk
dCases and controls were exact-matched one-to-two by vaccination status, prior infection status, sex, age group, nationality group, comorbidity count, and epidemic phase

“Hospitalization excluded hospital admissions for injury-related reasons. Adjusted for age group, linear effect in age and vaccination status, to account for confounders

#Adjusted for diagnosis month category, age, gender, region, rurality, high-risk conditions, documented COVID-19 vaccine
iThe number of included patients (and, therefore, the results) are different in the peer-reviewed paper compared with the pre-print

®Matched on diagnosis month, age, gender, region, rurality, and selected high-risk conditions

£Variables adjusted for not reported in publication

Table 3 (continued)
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Fig.2 NOS total and bias domain scores across the studies included in the SLR. NOS Newcastle Ottawa scale, SLR systematic literature review
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Fig. 3 Point estimates for hospitalization or mortality (as a composite
endpoint) or clinical progression for sotrovimab-treated patients. Ras-
mussen et al. [30] not included as hospitalization and mortality out-
comes are reported at day 90, rather than 28- or 30-day period used
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to define acute COVID-19 outcomes in other studies. Nose et al. [32]
not included as the study outcome and source population (the propor-
tion of people who were hospitalized who are still hospitalized at day
29) are not aligned with other studies.
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sotrovimab-treated versus untreated control group was
2.67 (95% CI 0.60-11.91; Table 3) [31]. An adjusted OR
of disease progression during the Omicron-dominated
time period could not be calculated as none of the 431
untreated patients were observed to have progressed;
two of the 233 (0.9%) sotrovimab treated-patients pro-
gressed during this phase. In the same study, among
patients described as being at higher risk of severe forms
of COVID-19 (immunocompromised, unvaccinated indi-
viduals, aged > 75 years, and pregnant women) sotro-
vimab-treated patients had lower odds of progression
compared with untreated patients (adjusted OR 0.65, 95%
CI 0.17-2.48). Restricting the analysis to the Omicron-
predominant period (December 19, 2021 to February 28,
2022) for the subgroup of higher-risk patients yielded an
adjusted OR of 0.88 (95% CI 0.16—4.89) (Table 3).

In the US study by Young-Xu et al., treatment with
sotrovimab during BA.2 predominance was associated
with a reduced risk of COVID-19-related hospitalization,
emergency department, or urgent care visits (n= < 10/74)
within 30 days vs the exact-matched untreated control
group (n=231/286; adjusted hazard ratio [HR] 0.29 [95%
CI 0.08-0.98]; Table 3) [37]. During the BA.1 period,
the adjusted HR of 30-day COVID-19-related hospi-
talization or all-cause mortality in the sotrovimab group
(n=92/2557) vs the group that received no treatment
(n=1735/10,297) was 0.30 (95% CI 0.23-0.40).

In a UK study by Evans et al., the adjusted HR of
all-cause hospitalization or death within 28 days dur-
ing the study period (BA.1 and BA.2 predominant peri-
ods combined) was reported as 0.73 (95% CI 0.55-0.98)
for unmatched sotrovimab vs untreated control groups
(Table 3) [33].

Clinical effectiveness of sotrovimab vs active comparators

Compared with molnupiravir, sotrovimab was associated
with a lower risk of COVID-19-related hospitalization or
death during the BA.2 predominance period in England
(February 16 to May 1, 2022), after adjusting for demo-
graphics, high-risk cohort categories, vaccination status,
calendar time, BMI, and other comorbidities (adjusted
HR 0.44, 95% CI 0.27-0.71; p=0.001; propensity score
weighted Cox model, adjusted HR 0.53, 95% CI 0.32-0.86,
p=0.01) [38].

During the BA.2 (February 11 to May 31, 2022) and
BA.5 (June 1 to October 1, 2022) predominance periods
in England, treatment with nirmatrelvir/ritonavir was asso-
ciated with a similar risk of COVID-19-related hospitali-
zation or death to sotrovimab (adjusted HR 1.35, 95% CI
0.54-3.34, and 0.74, 95% CI 0.31-1.78, respectively, using
a fully-adjusted stratified Cox model) [39].

Comparison of clinical outcomes between periods
of different circulating variants

Five studies compared clinical outcomes following sotro-
vimab treatment during the Omicron BA.1 period and the
BA.2 and/or BA.5 predominance periods (Table 3) [30,
32-35)°

In the Harman et al. study in England, risk of hos-
pital admission with a length of stay of >2 days within
14 days of community treatment with sotrovimab showed
no statistically significant difference between BA.1 (2.1%,
n=91/4285) and BA.2 (1.7%, n="77/4565) (HR 1.17, 95%
CI 0.74-1.86) [34]. Rasmussen et al. reported no difference
in risk of all-cause mortality and all-cause hospitalization
(=24 h within 90 days of COVID-19 diagnosis) between
Omicron BA.2 (n=1573) and BA.1 (n=381) subvariants
in patients in Denmark treated with sotrovimab (adjusted
HR 1.04, 95% CI 0.84-1.29 for all-cause hospitalization;
adjusted HR 1.04, 95% CI 0.59-1.83 for mortality) [30].
Similarly, in a subanalysis of the study by Evans et al., all-
cause hospitalization or death rates among patients in the
UK treated with sotrovimab during the BA.1 and BA.2
periods were similar (5.0% vs 4.9%, respectively), with no
significant difference between the subvariant time periods
(HR 0.76 [95% CI1 0.50-1.18] vs. 0.70 [95% C1 0.48-1.03],
respectively) [33]. In another UK study, Patel et al. reported
no difference in risk of COVID-19-related hospitalization
during the Omicron BA.2 (1.0%) and BA.5 (0.7%) predom-
inance periods vs the BA.1 (1.0%) phase among patients
treated with sotrovimab [incidence rate ratio (IRR) 0.76,
95% CI 0.44-1.30, p=0.31, and 0.56, 95% CI 0.26-1.19,
p=0.13, respectively) [35]. In an interim analysis of a Japa-
nese study, Nose et al. reported similar rates of progression
for sotrovimab-treated patients infected with Omicron BA.1
(0.8%; n=1/118, 95% CI 0.02-4.63) and BA.2 (0%; 0/128,
95% CI 0.00-2.84), suggesting consistent clinical benefit
with sotrovimab during the BA.2 predominant period [32].

Discussion

This SLR identified and assessed all observational studies in
the available literature from January 1, 2022 to February 27,
2023 that reported clinical outcomes for patients treated with
sotrovimab during Omicron BA.2 and BA.5 predominance.
These studies consistently reported low rates of all-cause
or COVID-19-related hospitalization or death in high-risk,
non-hospitalized patients receiving early treatment with
sotrovimab 500 mg.

These findings confirm and extend those of our recently
published SLR, which reviewed clinical outcomes of patients
with COVID-19 treated with sotrovimab 500 mg during
BA.2 subvariant predominance, and reported consistently
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low proportions of severe clinical outcomes (such as hos-
pitalization and mortality) in sotrovimab-treated patients
during BA.1 and BA.2 predominance [21]. Our first review
was conducted shortly after the emergence of the BA.2 sub-
variant (which was the first to show reduced susceptibility
to sotrovimab in vitro [18]), and therefore only a limited
number of real-world studies of sotrovimab effectiveness
againnt BA.2 were available. The current SLR includes
additional studies from the BA.2 predominant period that
add substantially to the evidence base, including a robust
study conducted using the OpenSAFELY platform [39]. It
also includes studies from the BA.5 predominant period;
since studies have also suggested reduced susceptibility of
this subvariant to sotrovimab in vitro [18], it was important
to assess the real-world effectiveness of sotrovimab during
the BA.5 predominant period so that clinicians have the best
available evidence (in the absence of data from clinical tri-
als). Another recent SLR and meta-analysis demonstrated
the real-world effectiveness of sotrovimab for reducing hos-
pitalization and mortality during both the Delta and Omi-
cron BA.1 periods of predominance [20].

Of the 14 studies included in this SLR, six high-quality
studies addressed the clinical effectiveness of sotrovimab
during periods of BA.2 or BA.5 predominance [30, 33, 34,
37-39]. Of these, two multicenter studies from the US [37]
and UK [33] reported a lower risk of COVID-19-related
hospitalization, emergency department or urgent care visits,
and all-cause hospitalization or death with sotrovimab vs
no treatment during BA.2 predominance in both countries.
These findings support the maintained clinical effective-
ness of sotrovimab against the BA.2 subvariant. In addi-
tion, although only a limited number of studies identified
in our review were conducted during the period of BA.5
predominance, the findings from these four studies demon-
strated low rates of COVID-19-related and all-cause clini-
cal outcomes in sotrovimab-treated patients during this time
[27, 35, 36, 39]. Three studies (one from Denmark and two
from England) statistically compared clinical outcomes of
sotrovimab-treated patients between the BA.1 and BA.2 or
BA.5 predominance periods [30, 34, 35]. Each found no
difference in the risk of all-cause or COVID-19-related hos-
pitalization or death during BA.2 and BA.5 predominance
compared with BA.1.

Only two of the studies included in this review were
conducted in the US [26, 37]. Both studies evaluated sotro-
vimab effectiveness during the BA.1 and BA.2 predominant
periods. No data after the emergence of BA.2 were gener-
ated in the US since sotrovimab use was discontinued after
April 2022 when prevalence of the BA.2 subvariant was
above 50%. Consequently, all data from the BA.5 period
are derived from outside the US, mainly in Europe.

Two observational cohort studies by Zheng et al. lev-
eraged the substantial size of the OpenSAFELY platform

@ Springer

database across BA.2 and BA.5 subvariant periods using
propensity scoring methodology with sensitivity analyses
to support the robustness of the data [38, 39]. In the ear-
lier of these two studies, sotrovimab 500 mg was associated
with a substantially lower risk of 28-day COVID-19-related
hospitalization or death during the Omicron BA.2 subvari-
ant surge compared with molnupiravir after adjusting for
demographics, high-risk cohort categories, vaccination sta-
tus, calendar time, BMI and other comorbidities (n=1970)
[38]. Rates of COVID-19-related hospitalization or death
for sotrovimab were comparable across the Omicron BA.1
(0.96%) and BA.2 (0.95%) periods, and mortality was lower
in patients treated with sotrovimab vs molnupiravir during
both periods [38]. It should be noted, however, that between
the Omicron BA.1 and BA.2 periods, guidance in the UK for
molnupiravir was changed from a second- to third-line treat-
ment option, while sotrovimab remained a first-line option
during both periods [44]. Although the effect of this change
is unclear, it may have impacted the baseline characteristics
of patients who received molnupiravir; the authors acknowl-
edge the risk of bias is small [38].

More recently, the authors reported no difference in the
risk of COVID-19-related hospitalization or death between
nirmatrelvir/ritonavir- and sotrovimab-treated patients dur-
ing BA.2 and BA.5 predominance [39]. The authors con-
cluded that these data support a protective role of sotrovimab
treatment against the Omicron BA.2 and BA.5 subvariants
[38, 39].

The results from Zheng et al. are further supported by the
large retrospective cohort studies conducted by Harman et al.
[34] and Patel et al. [36]. In Harman et al., variant sequenc-
ing data from patients in England were used to assess the
risk of hospital admission within 14 days in patients treated
with sotrovimab and infected with Omicron BA.2, compared
with Omicron BA.1. Similar to Zheng et al. [38], no signifi-
cant difference in clinical outcomes was observed between
BA.2 and BA.1 subvariants. The consistent results of Har-
man et al. and Zheng et al., despite assessment of different
clinical outcomes and across overlapping populations, fur-
ther support the robustness of these findings. In Patel et al.,
consistently low COVID-19-related hospitalization rates
were observed among patients receiving sotrovimab, with
no evidence of significant differences in incidence rate ratio
for any period compared with BA.1 [36].

Limitations

There are some limitations to this study, which should be
discussed. Firstly, the number of studies identified in this
SLR is small, although they collectively included over 1.7
million high-risk participants. The COVID-19 landscape
is also rapidly evolving and real-world data for sotrovimab
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during BA.2 and BA.5 predominance and onwards is still
emerging. Further evidence has been published since we
completed our literature search, including an OpenSAFELY
population-based cohort analysis demonstrating a reduced
risk of adverse outcomes among sotrovimab-treated patients
versus no treatment in England during the BA.1 and BA.2
periods [45]. In addition, a comparative effectiveness study
using the DISCOVER dataset (north-west London) assessed
the risk of 28-day COVID-19-related hospitalisation and/or
COVID-19-related death among highest-risk patients who
received sotrovimab or no early COVID-19 treatment [46].
The risk of hospitalisation and/or death was lower for the
sotrovimab-treated cohort across periods of BA.1, BA.2,
and BA.5 predominance, although statistical significance
was reached only for the BA.1 period. Additional observa-
tional studies will further contribute to the understanding
of sotrovimab’s effectiveness during recent Omicron sub-
variant periods. Furthermore, seven studies published in
preprint databases have been included in this SLR [33-39].
While these should be interpreted with caution as they are
not peer-reviewed, preprint publication has been commonly
used throughout the COVID-19 pandemic as a means of
rapidly reporting outcomes to guide responsive public health
decision-making [47].

The observational nature of the studies included has
inherent limitations, such as lack of a randomized design;
however, this limitation was mitigated in many studies by
use of appropriate measures to control for confounding
factors. Also, there are a number of factors that can influ-
ence outcomes following infection with SARS-CoV-2 viral
variants, including immunocompromised status, previous
vaccination, and previous viral infection. In conducting a
SLR, we were reliant on the type and quality of informa-
tion reported in the individual studies; most of the included
studies reported (to some degree) the immunocompromised
status and extent of previous vaccination among participants,
however, there was no consistency across studies in how
these data were reported, and we were unable to unpick the
potential impact of these factors as part of this SLR.

Viral sequencing to confirm the infecting variant or
subvariant is rarely done as standard of care and, there-
fore, rarely reported in real-world studies. Due to a lack
of sequencing data, most of the studies included in this
SLR used an ecological design to infer the infecting vari-
ant using the date of SARS-CoV-2 infection [26, 27, 30,
31, 33, 35-39]. Exceptions were Mazzotta et al. and Har-
man et al., which used sequencing data to fully ascertain the
SARS-CoV-2 subvariant of infection [29, 34]. The use of
an ecological design by most of the included studies means
definitive conclusions cannot be drawn on the effectiveness
of sotrovimab against the BA.2 and BA.5 subvariants.

Finally, a meta-analysis was not considered feasible as
the included studies were diverse in terms of population,

endpoints, study design, and analytical methods used to
estimate clinical outcomes during Omicron BA.2 or BA.5S.
Combining studies is unwise as this may amplify the pres-
ence of confounding factors.

Conclusions

Results from this SLR build on the findings from our
earlier published review, providing further evidence for
continued clinical effectiveness of early treatment with
sotrovimab 500 mg IV in preventing severe clinical out-
comes during Omicron BA.2 and BA.5 periods vs con-
trol/comparators and vs the Omicron BA.1 period among
high-risk, non-hospitalized patients. The studies included
in this review were consistent in reporting similarly low
proportions of severe clinical outcomes (such as hospi-
talization and mortality) in sotrovimab-treated patients
between the periods of Omicron BA.1, BA.2 and BA.5
subvariant predominance. Additional observational studies
are warranted to contribute to the understanding of real-
world effectiveness of sotrovimab against Omicron BA.2
and BA.5 subvariants, as well as future evolving variants.
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