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Abstract

Aim: To evaluate the tolerability of casirivimab and imdevimab (CAS/IMB) therapy in pregnant women
with COVID-19 in Japan and its impact on the neonate and process of delivery.

Methods: Eight cases of pregnancy complicated by COVID-19 and requiring hospitalization during the delta
variant epidemic were included. Gestational age, initial symptoms, pregnancy complications and outcome,
severity of illness, blood test findings at the time of treatment initiation and on days 3-5 after administration,
body temperature at administration, and 8, 24, and 48 h post-administration, delivery outcome, and neonatal
findings were recorded. Ten pregnant women who required hospitalization at the same time and did not
receive CAS/IMB were used as controls.

Results: Of the eight cases, seven were mild, and one case was of moderate severity. Body temperature in
the CAS/IMB group was significantly higher at 8 h post-administration than that at the time of administra-
tion. However, body temperature significantly reduced at 24 and 48 h post-administration in the CAS/IMB
group compared with that in the control group. There were no apparent adverse events after CAS/IMB
administration.

Conclusions: Maternal administration of CAS/IMB was safe. Although it was difficult to evaluate the
improvement in disease by blood test findings, the fever improved within 24 h, which suggests rapid

improvement in patient condition.

Key words: body temperature, COVID-19, monoclonal antibody, neonates, pregnancy.

Introduction

A highly transmissible coronavirus, severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2),
emerged in China in late 2019 and spread rapidly
worldwide, subsequently becoming a pandemic in
March 2020." SARS-CoV-2 infection can be asymp-
tomatic or associated with an acute respiratory illness

called coronavirus disease 2019 (COVID-19), which
can be mild to fatal.?

The Delta (B.1.617.2) variant of SARS-CoV-2 has
been the predominant variant from July to December
2021 in the United States and Japan.® This variant has
been reported to increase COVID-19-related
morbidity,* particularly in pregnant females with low
vaccine acceptance.’
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COVID-19 morbidity and mortality during preg-
nancy have significantly increased.® However, despite
reports on the tolerability of vaccination during
pregnancy,” vaccination coverage in the pregnant
population is lower than that in the nonpregnant pop-
ulation.® Under these circumstances, in addition to
preventive vaccination, neutralizing monoclonal anti-
bodies (mAbs) targeting the SARS-CoV-2 spike pro-
tein have been developed and shown to reduce
hospitalizations in high-risk populations with worsen-
ing COVID-19 symptoms.” One such combination
of mAbs, casirivimab, and imdevimab (CAS/IMB),
is a co-packaged formulation of two neutralizing
immunoglobulin gamma 1 (IgGl) human mAbs
(casirivimab and imdevimab: CAS/IMB) against
SARS-CoV-2.

In July 2021, CAS/IMB was first approved in Japan
for the treatment of mild or moderate COVID-19, and
in August 2021, it was conditionally approved in the
United Kingdom for the prevention and treatment of
acute COVID-19 infections.'

The FDA added pregnancy as a high-risk criterion
to warrant the use of casirivimab and imdevimab in
May 2021,"! but data on their use in pregnant patients
with COVID-19 are limited. After the first case
reported by Hirshberg et al.,'*> Mayer et al. reported
the efficacy and safety of CAS/IMB in two patients
with moderate disease.!® Chang et al., who reviewed
30 pregnancies which were affected between
December 2020 and October 2021 and received mAbs,
mentioned the possibility of potential effects due to
the administration of various mAbs on the mother
and fetus.'* Richley et al. administered either of the
two mAbs (Bamlanivimab/etesevimab or Cas-
irivimab/imdevimab) to 15 pregnant cases with
COVID-19 between April 2021 and October 2021, and
reported that although the outcome of the adminis-
tered cases was generally favorable, adverse events
due to systemic reactions during infusion were
observed in the mothers and effects on the fetus
(maternal respiratory abnormalities and associated
fetal heart rate abnormalities) were also noted."
However, in these reports, the number of cases was
small and the key limitations were that different
mAbs were administered and the relevant variants of
concern were not mentioned.

In this study, we report the administration of
CAS/IMB to pregnant women affected by COVID-19
during the period when the Delta (B.1.617.2) variant
was predominant, with a focus on the tolerability of
this antibody preparation.

Methods

Eight pregnant women infected with COVID-19
between August 2021 and October 2021, when the
delta variant was prevalent, and receiving CAS/IMB
were included in the study. Among them, polymerase
chain reaction (PCR) testing was performed on the
swab samples of symptomatic participants or those
who were close contacts of a patient with COVID-19.
A positive nasopharyngeal PCR test was adopted for
the definitive diagnosis of COVID-19.

Inclusion criteria

Eligibility for the use of CAS/IMB was derived from
the FDA’s Emergency Use Authorization,'' and was
based on the following criteria: age, 12 years or older;
weight, 40 kg or more; positive SARS-CoV-2 PCR test;
infection symptoms within 10 days; and the ability to
provide informed consent. In addition, pregnant
women affected by COVID-19 with mild to moderate
severity'® and who were unvaccinated were included
in the study. CAS/IMB was administered to the
patient after obtaining informed consent. It was
administered as a single combined dose of 600 mg of
casirivimab and 600 mg of imdevimab, based on the
manufacturer’s prescribing information.'”

Evaluation method

Pregnancies complicated with COVID-19 were man-
aged in the hospital at the time of diagnosis. Treat-
ment with CAS/IMB was then initiated at the time of
diagnosis of mild to moderate disease. The treatment
strategy for mild to moderate COVID-19 at each facil-
ity was different. All patients in this study were
hospitalized.

The management policy after hospitalization was as
follows:

1. Oxygen to be administered to patients with
SpOZ < 95.

2. Vital signs, including maternal body temperature,
SpO; level, and blood pressure, to be measured at
least thrice a day.

3. Acetaminophen for antipyretic purposes not to be
used in routine care.

In addition to the above strategies, anticoagulants,
antivirals, and steroids were administered at some
facilities.

Treatment methods were inconsistent among facili-
ties, and most patients were hospitalized for bed rest,
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although oxygen, steroids, anticoagulants, and antivi-
rals were also administered on a case-by-case basis.
Acetaminophen was used to treat fever, not routinely.
Per patient management policy, vital signs, including
maternal body temperature, SpO, levels, and blood
pressure, were measured at least thrice a day during
hospitalization.

The primary endpoint was the change in the mater-
nal severity of clinical disease, which was assessed
based on the US National Institutes of Health (NIH)
classification.'®

The secondary endpoints included changes in
symptoms during hospitalization and the duration of
hospitalization. Maternal background information
regarding age, gestational age, comorbidity, obesity,
and pregnancy outcomes was collected. Because the
clinical manifestations of anaphylaxis are not always
characteristic of the onset of allergy or adverse events
after administration, the following symptoms shown
in previous reports are useful in diagnosing anaphy-
laxis: skin symptoms (e.g., acute urticaria,
angioedema, flushing, mucosal swelling), sudden
onset of respiratory symptoms (e.g., dyspnea, cough,
and wheezing), sudden decrease in blood pressure, or
clinical manifestations (e.g., collapse, tachycardia, and
incontinence), or gastrointestinal tract disturbances
(e.g., abdominal pain and vomiting).'®"

Maternal adverse events were evaluated based on
subjective symptoms and Common Terminology
Criteria for Adverse Events (CTCAE) (National Can-
cer Institute, Division of Cancer Treatment and Diag-
nosis).”’ However, for symptoms present at the time
of admission, the worsening of symptoms, if any,
should be evaluated for at least 24 h. New symptoms
were evaluated, regardless of severity. Changes in
body temperature were statistically assessed for fever
at the time of CAS/IMB administration, and at 8, 24,
and 48 h after administration. The data were com-
pared with the results obtained for 10 cases of preg-
nancy with COVID-19 at the same time, who did not
receive CAS/IMB. In the CAS/IMB group, blood tests
were performed at the time of drug administration
and 3-5 days after admission. In the non-CAS/IMB
group, blood tests were performed at admission and
3-5 days after admission. The following blood tests,
known to be associated with poor prognosis, were
selected for observation: white blood cell count
(WBC), hemoglobin (Hb), platelet count, and C-
reactive protein (CRP) to assess inflammatory
response, and D-dimer to determine (:oagula’cion.zl’24
These parameters were compared between the
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CAS/IMB and non-CAS/IMB groups; the results of
blood samples taken at admission and during hospi-
talization within the same group were also compared.

Statistical evaluation

The Mann-Whitney U test was used to compare par-
ity, age, maternal body mass index (BMI), gestational
age of onset, SpO, at hospitalization, days from onset
to hospitalization, neonatal information (gestational
age at delivery, weight [g, %ile] APGAR score
[1 min, 5 min]), umbilical artery blood test (pH, base
excess [BE]), placental weight (g), and blood test
parameters between groups. The Wilcoxon signed-
rank test was used to compare the body temperature
and blood test parameters at the time of admission
and during hospitalization. SPSS (version 25; IBM
Corporation, Armonk, NY, USA) was used for
analysis.

Ethics statement

This study was conducted in accordance with the
principles of the Declaration of Helsinki and was
approved by the Institutional Review Board of Mie
University Hospital (No. H2021-224). All participants
gave their written informed consent prior to participa-
tion in this study.

Results

The patient characteristics are presented in Table 1,
and delivery and neonatal information are presented
in Table 2.

Maternal background

All eight patients administered CAS/IMB and all
10 patients who did not receive CAS/IMB were hos-
pitalized and treated.

There were no significant differences between the
two groups based on maternal parameters (parity:
p = 0.460, age: p = 0.696, BMI: p = 0.274, gestational
age at onset: p = 0.573, SpO, at admission: p = 0.237,
and days from onset to admission: p = 0.573).

All recruited patients were symptomatic and tested
positive for COVID-19 using PCR. In addition, all the
patients did not take the recommended two doses of
the vaccine. No cases of worsening of disease severity
were reported after CAS/IMB administration. Seven
patients had mild disease, and one patient had mod-
erate disease. There were no cases of allergy-like
symptoms, other than fever, within 24 h after
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Abbreviations: —, Specimens not collected; APGAR, APGAR score; BE, base excess; CAS/IMB, casirivimab and imdevimab; CS, cesarean section; F, female; M, male; VD, vaginal

delivery.
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CAS/IMB administration, and no cases of symptoms
worsening, or new symptoms reported at the time of
administration.

Delivery process and neonatal background

No significant differences were observed in neonatal
information of the two groups (gestational age at
delivery: p = 0.408; weight [g]: p = 0.122; weight [%
ile]: p = 0.146 [%ile]; APGAR score [1 min]: p = 0.515;
APGAR score [5 min]: p = 0.829; umbilical artery
blood test [pH]: p = 0.368; umbilical artery blood test
[BE]: p = 0.220). However, there was a significant dif-
ference in placental weight between the two groups
(p = 0.009).

Delivery and neonatal information were traced in
all the cases. In the CAS/IMB group, four of the eight
deliveries were by cesarean section, one by placental
abruption, and three by elective cesarean section due
to a previous cesarean section. Placental abruption
was diagnosed before the administration of
CAS/IMB, and an emergency cesarean section was
performed after the administration. Regarding fetal
growth, two cases of small for gestational age (SGA)
were confirmed. In two cases, umbilical artery blood
samples were not collected. The umbilical cord blood
gas test showed no abnormalities in the cases where
blood collection was possible.

Changes in body temperature after
hospitalization

There was no significant difference in fever at the time
of hospitalization, on CAS/IMB administration
(p = 0.274), or 8 h after hospitalization/CAS/IMB
administration, between the CAS/IMB and non-
CAS/IMB groups (p = 0.083). In contrast, a significant
reduction in fever was observed in the CAS/IMB
group at 24 and 48h after hospitalization/
administration of CAS/IMB (p < 0.001; Figure 1).

In the CAS/IMB group, there was a significant
increase in body temperature at 8 h post-
administration than that at the time of administration,
but there was no significant difference in body tem-
perature at 24 and 48h after administration
(p = 0.021, 0.069, and 0.069, respectively). In contrast,
in the non-CAS/IMB group, there was no significant
difference in body temperature at 8 h of hospitaliza-
tion than that at admission, but there was a signifi-
cant increase in body temperature at 24 and 48 h after
hospitalization, compared with that at hospitalization
(p = 0.093, 0.037, and 0.021, respectively; Figure 1).
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Blood test results

The blood test results in the CAS/IMB and non-CAS/
IMB groups are shown in Tables 3 and 4. There was
no significant difference between the groups in any of
the parameters at the time of admission or at the time
of CAS/IMB administration (WBC: p = 0.274; Hb:
p = 0.897; platelets: p = 0.237; CRP: p = 0.762;
D-dimer: p = 0.762).

No significant differences were found in any of
the parameters during hospitalization and post-

CAS/IMB group

hospitalization within each group (CAS/IMB group:
WBC, p = 0.575; Hb, p = 0.866; platelets, p = 0.726;
CRP, p = 0.753; D-dimer, p = 0.416; non-CAS/IMB
group: WBC, p = 0.690; Hb, p = 0.324; platelets,
p = 0.208; CRP: p = 0.263; D-dimer, p = 0.866; Table 3).

The changes in the blood test parameters are shown
in Table 4. There were no significant differences
between the groups for these parameters (WBC:
p = 0.114; Hb: p = 0.673; platelets: p = 0.481; CRP:
p = 0.864; D-dimer: p = 0.755).

non-CAS/IMB group
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FIGURE 1 Changes in body temperature after hospitalization/administration of casirivimab and imdevimab (CAS/IMB).
Panels (a) and (b) show time-dependent changes in body temperature in the CAS/IMB and non-CAS/IMB groups,
respectively. In the CAS/IMB group, a transient increase in body temperature was observed 8 h after drug administra-
tion; thereafter, the body temperature decreased, and no significant difference was observed. In the non-CAS/IMB
group, there was a significant increase in body temperature at 24 and 48 h compared with that at the time of admission.
In the intergroup comparison, a significantly lower body temperature was reported in the CAS/IMB group at 24 and
48 h after administration/hospitalization than that in the non-CAS/IMB group.

TABLE 3 Results of blood tests after CAS/IMB administration or hospitalization

CAS/IMB 3-5 days after Non-CAS/IMB 3-5 days after
group Administration administration group Hospitalization hospitalization
WBC (/pL) 5540 (4207-6150) 6080 (5325-8175) WBC (/pL) 6700 (5400-7430) 4125 (3428-6063)
Hb (g/dL) 11.1 (10.7-12.4) 11.1 (10.0-12.0) Hb (g/dL) 11.7 (10.4-12.3) 10.8 (10.0-11.9)
Plt 18.4 (17.3-22.2) 20.8 (17.1-26.1) Plt (x10 000/pL)  20.7 (19.2-22.7) 19.9 (16.3-21.2)
(x10 000/pL)
CRP (mg/L) 2.0 (0.7-3.1) 2.0 (1.1-3.7) CRP (mg/L) 2.3 (0.7-2.6) 0.9 (0.6-5.0)
D-dimer 2.1 (1.2-3.5) 2.6 (1.5-3.3) D-dimer (ug/mL) 2.0 (0.8-3.1) 2.3 (1.3-4.3)
(ng/mL)

Note: The parameters did not differ significantly between the two groups. Values are listed in median and inter-quartile ranges. and
Abbreviations: CAS/IMB, casirivimab and imdevimab; CRP, C-reactive protein; Hb, hemoglobin; Plt, platelet count; WBC, white blood

cell count.

© 2022 Japan Society of Obstetrics and Gynecology.
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TABLE 4 Changes in blood test results between CAS/IMB administration or hospitalization and 3-5 days after adminis-

tration/hospitalization

CAS/IMB group Non-CAS/IMB group
WBC (/pL) 400 (—855 to 1860) —1380 (—1880 to 50)
Hb (g/dL) 0.05 (—0.55 to 0.33) —0.10 (-0.60 to —0.10)
Plt (x10 000/pL) 1.40 (—4.20 to 5.60) —0.70 (—4.60 to 0.30)
CRP (mg/L) —0.48 (—1.4 to 0.86) 0.31 (—0.26 to 2.46)
D-dimer (ug/mL) —0.05 (—1.83 to 0.08) —0.1 (—0.99 to 0.40)

Note: None of the parameters differed significantly between the two groups. Values are listed in median and inter-quartile ranges. and
Abbreviations: CAS/IMB, casirivimab and imdevimab; CRP: C-reactive protein; Hb, hemoglobin; Plt, platelet count; WBC, white blood

cell count.

Discussion

In the present study, we report the outcome of
CAS/IMB treatment in pregnant women with
COVID-19, affected by the Delta variant epidemic. No
worsening of COVID-19 symptoms was observed
after CAS/IMB administration in all eight cases,
suggesting the tolerability of the CAS/IMB treatment.
There is little evidence on the use of mAbs during
pregnancy and further enhancement of knowledge is
desired. Therapies with mAbs, such as CAS/IMB,
have not been specifically tested in pregnant women,
and the National Institutes of Health has concluded
that there is insufficient evidence regarding the use of
mAbs in pregnant women with COVID-19.""

Patients should be informed that mAbs such as cas-
irivimab and imdevimab may cross the placenta, and
the effect on the fetus is unknown."> Compared to the
placenta of the control women, those of women with
COVID-19 showed vascular changes, consistent with
preeclampsia, which can cause abruption.””> However,
the phenomenon is still uncertain, since the state of
systemic inflammation and hypercoagulability seen in
nonpregnant patients with severe COVID-19 is also
characteristic of preeclampsia.*® Among the eight cases
in this study, one case of placental abruption and two
cases of SGA were found, which could be followed
up. This may reflect vascular endothelial damage, due
to inflammation associated with COVID-19. Although
less frequent, some patients with COVID-19 complain
of abdominal pain, and it is important to differentiate
COVID-19 from other pregnancy-related diseases. In
these cases, there were no abnormalities in the postop-
erative course of the mother and child, and fortunately,
COVID-19 symptoms did not worsen. Because fetal
heart rate had to be monitored in isolation in COVID-
19-complicated pregnancies, caution needs to be
exercised in future if pregnant women with COVID-19
present with abdominal pain.

© 2022 Japan Society of Obstetrics and Gynecology.

In the present study, the transient worsening of
fever was observed within 24 h after the administra-
tion of CAS/IMB. However, fever did not persist for
24h, and there was a significant improvement in
fever compared with that observed in the non-CAS/
IMB group. Fever has earlier been associated with the
use of mAbs in patients with COVID-19.”” However,
similar to the present study, these symptoms have not
been severe. In these reports, fever is believed to be a
reaction to infusion. In addition, CAS/IMB does not
suppress viral activity immediately after administra-
tion, and fever may be associated with the worsening
of COVID-19. Nonetheless, rapid improvement in
fever following CAS/IMB administration was
observed in this study. Complementing this finding,
3/10 (30%) of the control cases in this study were
treated with steroids after hospitalization, but the
CAS/IMB group showed an earlier improvement in
fever than the control group.

So far, diverse types of adverse reactions to mAbs
have been reported, and there are reports of adverse
reactions in 0.2%-2.3% of nonpregnant patients in the
treated group.”® Most of these events were described
as pruritus, flushing, rash, or facial swelling, which
occurred during infusion and were mild in severity.
In addition, fetal heart rate abnormalities associated
with maternal respiratory abnormalities, reported pre-
viously, were not observed in these cases.'> However,
several cases (case 1, 2, and 8 in Table 1) in early ges-
tational weeks were not indicated for fetal heart rate
monitoring, and the impact of mAb administration on
fetal heart rate monitoring could not be accurately
evaluated.

Interestingly, no significant hematological findings
were observed between the groups in this study. This
indicates that there was no obvious difference in the
hematological condition of the patients between the
two groups at the time of admission or the adminis-
tration of CAS/IMB. The reason for unaltered blood
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test findings despite the improvement in symptoms is
that it is difficult to evaluate changes in disease sever-
ity in mild cases over time using the blood test
parameters employed in this study. It is also known
that serum inflammatory response markers peak
slowly in response to acute inflammation.” The lack
of significant differences in blood test findings
between groups in this study may also be due to the
short intervals between blood tests in this study.

The limitations of this study include the small sam-
ple size and the timing of blood tests performed—that
is, more than 3 days after the initial collection. In
future, it will be necessary to accumulate sufficient
number of cases and evaluate the effect of CAS/IMB
by grouping patients according to gestational week,
maternal background, and the severity of illness.
The vaccination history could not be confirmed for
the study participants and it is presumed that some
of the recruited participants may have taken only one
vaccination dose.
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