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Abstract

Purpose Casirivimab/imdevimab (REGN-COV), a cocktail of neutralizing antibodies against the receptor-binding domain
of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) spike protein, was shown to be an effective treat-
ment and post-exposure prophylaxis measure for coronavirus disease 2019 (COVID-19). We assessed the antibody titers
among patients who received REGN-COV with the purpose of evaluating this therapeutic and prophylactic option from the
serological point of view.

Methods We collected serological data of patients with COVID-19 who were treated with REGN-COV 1200 mg (casirivimab
600 mg/imdevimab 600 mg). Antibody titers were assessed within 24 h before and within 48 h after the administration of
REGN-COV using ARCHITECT SARS-CoV-2 immunoglobulin (Ig)G (IgGyc), which is against nucleocapsid protein, and
ARCHITECT SARS-CoV-2 IgG II Quant (IgGgp), which is against spike protein.

Results A total of nine patients were evaluated. IgGgp was elevated after REGN-COV administration with a median of
208,370 Arbitrary Units/mL while simultaneous IgGyc remained low. With the simple linear regression model, the IgGgp
after the REGN-COV administration was correlated with the reciprocal of ideal body weight.

Conclusion The high titer of IgGgp supports the clinical benefit of therapeutic and prophylactic use of REGN-COV from

the serological point of view.
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The pandemic of novel coronavirus disease 2019 (COVID-
19), caused by the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), is an ongoing threat globally. With
the hypothesis that complications and death from COVID-19
emanate from the SARS-CoV-2 viral burden and that reduc-
ing this burden leads to clinical benefit, a clinical trial of
casirivimab/imdevimab (REGN-COV), a cocktail of neu-
tralizing antibodies targeting the receptor-binding domain
(RBD) of the SARS-CoV-2 spike protein, was performed,
which showed therapeutic benefit in reducing viral load and
lowering the risk of hospitalization or death from COVID-
19 [1]. Subcutaneous REGEN-COV was also reported to
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prevent symptomatic COVID-19 and asymptomatic SARS-
CoV-2 infection in previously uninfected household con-
tacts [2]. There are several serological assays for COVID-19,
and they have been increasingly used to aid the diagnosis
of SARS-CoV-2 infection and to evaluate the antibody
response in individuals that have received the COVID-19
vaccine [3, 4]. We believe that to discuss the neutralizing
antibody cocktail in comparison with other therapeutic
and prophylactic options, common laboratory quantitative
assays, such as antibody titer, are helpful. To our knowledge,
however, there have been no reports of serological assess-
ment of antibody cocktails among patients with COVID-19
in clinical settings. Since we have assessed patients’ immu-
nological status by measuring antibody titers during the
treatment of patients with COVID-19, we have accumulated
data regarding antibody titers among patients with COVID-
19, including those who were treated with REGN-COV.
Herein, we present those data for a better understanding of
this promising therapeutic and prophylactic option.
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This study was approved by the ethics committee of
Yokohama Municipal Citizen’s Hospital (no. 21-12-01) and g; % :{1
conducted in accordance the ethical standards laid down in E3 Q <
the 1964 Declaration of Helsinki and its later amendments. E gn g g oE
Informed consent was waived due to the retrospective nature
of this study and ethical consideration for the use of clini- _
cal information was made based on the institutional opt-out E
policy (https://yokohama-shiminhosp.jp/introduction/iryou <5t
kenkyu.html). We retrospectively collected the data of patients = S o oo —-ooQ
with COVID-19 who were admitted to Yokohama Municipal (55: § @ ﬁ § é E § § E
Citizen’s Hospital and were treated with REGN-COV. The :é TdaEEs % 32
dosing of REGN-COV was 1200 mg (casirivimab 600 mg/ B~
imdevimab 600 mg) in accordance with authorization by the
Ministry of Health, Labour and Welfare of Japan. During hos- LD% 5
pitalization, we assessed patients’ immunological status using Y § I A= @ -
ARCHITECT SARS-CoV-2 IgG and ARCHITECT SARS- £ 922529342 % EE
CoV-2 IgG II Quant (Abbott, IL, USA) with cutoff points of g‘
1.4 sample result divided by the calibrator result (S/C) and (;ZJ g
50 Arbitrary Units (AU)/mL, respectively, according to the %” — _ S
recommendation by the manufacturer. The former kit identi- é % § § § 2 § E % = § =
fies IgG against nucleocapsid (IgGy), which was expected to B
be unaffected by REGN-COV administration and reflect the _ &
immune response to viral infection. The latter kit identifies % §
IgG against the RBD in the spike protein of SARS-CoV-2 é —é
(IgGgp), which was expected to be affected with REGN-COV go 2
administration. We collected both antibody titers within 24 h o g8g8pag8s8dg8sd =
e .. . A S oS ZS S 3o S 2
before (pre-) and within 48 h after (post-) the administration of @
REGN-COV. With an assumption that post-IgGg;, titers should =
be related to body mass with the same dose, we adopted the 8 -2 :i
simple linear regression analysis to evaluate the correlation of - I S G - é’ 8
post-IgGgp with the reciprocal of real and ideal body weight LE) £ 2
(IBW). Statistical analysis was done using SAS Institute JMP gn 5 é §
version 15.2.1 and p value < 0.05 was considered as statisti- = Q2 8
cally significant. / g 2 =
In total, post-IgGgp titers were available in nine patients, -SQ IS B i BN - = E
— O < v N o O \n O Gy O =
which were included in our observation (Table 1). The titers ° s 5
of pre- and post-IgGyc were low in all patients. The titers of = '% § v
pre-IgGgp were negative in seven patients. Two patients had 2 ‘é é ;
positive pre-IgGgp. Both of them, whose pre-IgGgp titers were 7 E _g 2‘% g
231.2 AU/mL and 699.9 AU/mL, had already received two 8 = - s 2 %
doses of the SARS-COV-2 vaccine (BNT162b2) with the first “i g ISR E Sz § f E =
dose 3 months and 5 months prior to the admission, respec- = u‘q;; “i 3
tively. The post-IgGgp titers were positive in all patients. The _é :‘::3 S 5‘ §
exact titers level was unavailable in one patient, although it was 8 i N =
confirmed to be more than 80,000 AU/mL. As for the other § 3 g 2R ETER % 2 %
eight patients, the titers were ranging from 128,436 AU/mL to é S B - 5 % g
332,710 AU/mL with a median of 208,370 AU/mL. With the § g E =
simple linear regression analysis, post-IgGgp titers were cor- £15 g g %
i : ; icti ; 2|3 N I
related with the reciprocal of IBW with the predictive equation 2|2 sSFIcasca|gdi
as follows (Fig. 1; p=0.006, R*=0.743): g 5 g g
- — N N O~ 0O % § ?
< 0 0 0 VU LV O O O ol = o9
2 A N B -
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Fig. 1 Distribution of the reciprocal of ideal body weight and post-
IgGgp titers. The univariate linear regression model showed that post-
IgGgp titer was significantly correlated with the reciprocal of ideal
body weight (p=0.012, R?=0.752) with the prediction equation:
IgGgp (AU/ML)=2.05x 107 x 1/[ideal body weight (kg)]— 144,120.
The blue area indicates 95% confidence interval

Estimated Post — IgG¢p(AU/mL)
=1.92x 10" x 1/IBW (kg) — 117, 669

Post-IgGgp titers were not associated with the reciprocal
of actual body weight (p =0.080). In one patient (Case 8),
IgGgp titers were followed 12 days after the REGN-COV
administrations and showed a 60% decrease (from 194,485
AU/mL to 78,706.2 AU/mL). In another patient (Case
1), IgGgp titers were followed 42 days after the REGN-
COV administrations and showed an 81% decrease (from
145,364 AU/mL to 27,203.9 AU/mL). No patients expe-
rienced adverse events related to REGN-COV infusion.
No patients developed a severe condition and all patients
recovered and were discharged from the hospital.

In our observation, the post-IgGgp titer was remark-
ably high. This titer could be regarded as that of pas-
sive immunity with REGN-COV administration rather
than the patients’ immune reaction, because IgGy titer,
which starts to increase almost simultaneously with IgGgp
titer [5], was not elevated at the time of post-IgGgp titer
assessment. The post-IgGgp titer appeared to be higher
than those in infected patients and vaccinated individuals
based on the previous reports. For example, in the longi-
tudinal assessment of the titer of IgGgp among COVID-19
inpatients, the mean titer increased to 59,396 AU/mL with
a decline after 27-days post-COVID-19 reverse transcrip-
tion-polymerase chain reaction (RT-PCR) testing [3]. In
our previous report on the IgGgp titer response after the

COVID-19 vaccine (BNT162b2) among healthcare work-
ers, the median titer of IgGgp was 23,489 AU/mL 35 days
after the first dose of the vaccine [4].

Since correlation of anti-spike protein IgG and neutral-
izing antibody responses have already been shown [6-8],
high titer of IgGgp among REGN-COV administered
patients reflect their potent neutralizing capability, which,
we believe, have clinical significance. The fact that the
titer was higher in the patients with cocktail therapy than
the infected patients might support the clinical efficacy
of REGN-COV in contrast to convalescent plasma. In a
randomized, multicenter single-blind trial, which enrolled
a total of 511 patients, the administration of COVID-19
convalescent plasma with “a high titer of antibody against
SARS-CoV-2” to high-risk outpatients within 1 week after
the onset of symptoms of COVID-19 failed to prevent dis-
ease progression [9]. Although there are no data concern-
ing the antibody titer level after administration of con-
valescent plasma, it was expected to be much lower than
those with REGN-COV administration, since only one unit
of plasma was administered and convalescent plasma itself
likely had a lower titer in the first place.

In phase 3 clinical trial, subcutaneous REGN-COV pre-
vented symptomatic COVID-19 and asymptomatic SARS-
CoV-2 infection in a post-exposure prophylaxis setting [2].
It is reported that immune protection is highly predictable
by the neutralization level [10]. Thus, the fact that the titer
of IgGgp was higher in the patients with cocktail therapy
than the vaccinated individual could reflect the superiority
of REGN-COV in prophylaxis not only in rapidity but also
strength, especially in unvaccinated patients or individuals
with poor humoral response to vaccination, such as the
Case 1 in our study.

One of the major limitations of this study is the small
number of subjects, resulting in a wide 95% confidence
interval of the predictive equation of the estimated IgGgp
titer. Thus, the quantitatively of our study should be
treated carefully and needs to be revised by analysis of a
larger population. Another limitation is the lack of follow-
up data. However, the above-mentioned clinical trial of
REGN-COV [1] provided the pharmacokinetics param-
eters, which was linear and dose-proportional, suggesting
the potential of measurement of initial IgGgp titer in pre-
dicting the duration of passive immunity. To prove this, a
follow-up titer of IgGgp and clinical data are needed.
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