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Abstract

Patients with lymphoproliferative diseases are at high risk for SARS-CoV-2-related
complications and mortality. The role of casirivimab and imdevimab (REGEN-COV),
a neutralizing antibody cocktail, to treat immunocompromised hemato-oncological
patients with SARS-CoV-2 disease 2019 (Covid-19) remains unknown. Here, we
present our clinical experience on the outcome of 15 hematological patients treated
with REGEN-COV for SARS-CoV-2 infection. Most patients failed to respond or
achieved low antibody titer after 2-3 doses of BNT162b2 mRNA vaccine. All patients
experienced clinical improvement with no mortality within a median follow-up of
70 days. In conclusion, early administration of REGEN-COV to high-risk hematological
patients may prevent clinical deterioration and mortality from SARS-CoV-2 infection.
The effectiveness of neutralizing antibodies may vary depending on the virus variants

and in particular with the omicron variant (B.1.1.529).
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for the treatment of mild to moderate COVID-19 in adults and pedi-
atric patients who are at high risk for progression to severe COVID-19,

Patients with lymphoproliferative malignancies are at high risk of
developing severe Covid-19 disease and death [1]. Several studies have
shown that despite the high antibody responses to Covid-19 vaccines
in the general population, responses to vaccination in patients with
hematological malignancies, especially in those treated with anti-CD20
based therapies or Bruton’s tyrosine kinase inhibitors (BTKis), are rel-
atively low [2, 3]. Therefore, a key challenge is how effectively to treat
immunocompromised patients with SARS-CoV-2 infection and how to
prevent clinical deterioration.

Casirivimab and imdevimab (REGEN-CQV) is a neutralizing anti-
body cocktail [4], explicitly directed against the spike protein of SARS-
CoV-2. In November 2020, REGEN-CQV received an emergency use
authorization (EUA) from the US Food & Drug Administration (FDA) [5]

including hospitalization or death [6, 7]. However, there is a lack of data
regarding the clinical efficacy of REGEN-COV in hemato-oncological
patients. Herein, we report the outcome of 15 patients with hemato-
logical malignancies and SARS-CoV-2 infection treated with REGEN-
COV.

2 | METHODS
2.1 | Study design and patients

We conducted a retrospective, single center study of all consecutive

hematological patients who were diagnosed with Covid-19 and were
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TABLE 1 Patients’ baseline demographic and disease characteristics
Treatment status at the
Patient Age Hematological time of SARS-CoV-2 Last hematological
number Gender (years) malignancy infection treatment
1 M 49 DLBCL On therapy in CR R-CHOP
2 M 74 DLBCL Off therapy in CR CAR-T, 10/2019
3 F 37 FL Off therapy in CR Bendamustine,
obinutuzumab,
12/2018
4 M 22 Burkitt lymphoma Off therapy in CR R-CODOX-M IVAC,
05/2020
5 F 74 CLL Off therapy in PR Obinutuzumab, 03/2020
6 F 77 CLL On therapy in CR Ibrutinib
7 M 60 Enteropathyassociated Off therapy in CR Autologous HSCT,
T-cell ymphoma 08/2020
8 F 71 FL On therapy in PR Revlimid and rituximab
9 M 41 Mantle cell ymphoma Ontherapy in PR Autologous HSCT
10 M 75 DLBCL On therapy—active R-CHOP
disease
11 M 56 Mantle cell lymphoma Ontherapy in CR Ibrutinib
12 M 51 MM On therapy—active Carfilzomib,
disease daratumumab, and
dexamethasone
13 F 28 PMBCL On therapy—active Brentuximab vedotin and
disease nivolumab
14 M 74 MM On therapy—active Belantamab mafodotin
disease
15 F 60 MM On therapy—active CAR-T

disease

Abbreviations: DBCL = diffuse large B-cell ymphoma, FL = follicular lymphoma, CLL = chronic lymphocytic leukemia, MM = multiple myeloma, PMBCL = pri-
mary mediastinal large B-cell lymphoma, CR = complete response, PR = partial response, R-CHOP = rituximab, cyclophosphamide, doxorubicin, vin-
cristine and prednisone, CAR-T = chimeric antigen receptor therapy, R-CODOX-M IVAC = cyclophosphamide, vincristine, doxorubicin, high-dose methotrex-
ate/ifosfamide, etoposide, high-dose cytarabine, HSCT = hematopoietic stem-cell transplantation.

treated with a single infusion of casirivimab (600 mg) and imdevimab
(600 mg) (REGEN-CQOV, ROCHE). According to our hospital policy,
immunocompromised patients diagnosed with Covid-19 within the last
10 days since initiation of symptoms were eligible to receive REGEN-
COQV. SARS-CoV-2 infection was confirmed by reverse transcription-
polymerase chain reaction (RT-PCR) testing. Covid-19 severity was
graded according to the Israeli ministry of health protocol: mild dis-
ease was defined in the presence of fever and/or cough and/or, sig-
nificant weakness, a moderate disease was defined in the presence
of Covid-19-related pneumonia (confirmed radiologically), and severe
disease was determined if respiratory rate was greater than 30 breaths
per minute and/or oxygen saturation <93% at room air or PaO,/FiO,
ratio <300 [8]. Data were extracted from the patients’ medical records
and included baseline demographics, disease-related and treatment-
related characteristics, Covid-19 vaccination status, anti-SARS-CoV-2
1gG titers, complete blood count at admission to the hospital and clini-
cal data on Covid-19 infection, treatment, and outcome. The study was
approved by the local institutional Helsinki ethics committee.

3 | RESULTS

3.1 | Patient characteristics

From July through October 2021, a total of 15 patients with hema-
tological malignancies were included in this study (patient baseline
demographic and disease characteristics are summarized in Table 1).
The median age of the patients was 60 years (range 28-77) and 60%
(n = 9) were males. The majority of patients were diagnosed with
B-cell non-Hodgkin lymphoma (60%, 9/15), followed by multiple
myeloma (20%, 3/15), chronic lymphocytic leukemia (13%, 2/15)
and T-cell lymphoma (7%, 1/15). Among all patients, 67% (n = 10)
were actively treated at the time of SARS-CoV-2 infection (3 with
anti-CD20 based therapy, 2 with BTKis, 3 with immunotherapy, 1 with
anti-CD38 antibody, and 1 shortly after an autologous hematopoietic
stem cell transplantation [HSCT]). The other five patients (33%) have
been previously treated (3 with anti-CD20 therapies, 1 after chimeric
antigen receptor T cell therapy, and 1 after autologous HSCT), with a
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TABLE 2 Patients’ Covid-19 vaccination status and clinical parameters of SARS-CoV-2 infection

Time of
Absolute REGEN-COV
Time of lymphocyte SARS-CoV-2 treatment
SARS-CoV-2  counton spike protein IgG  from Covid-19 Covid-19
Patient Vaccination infectionfrom admission serology test on SARS-CoV-2  severityin Clinical severity in
number status last vaccine (10%/L) admission infection (day) ER follow-up discharge
1 Two doses 8 months 0.3 N/A 1 Mild Discharged from ER Mild
2 Twodoses 4 months 0.4 Seronegative 12 Severe Hospitalized for 5 days Severe
3 Twodoses 6 months 1.5 Seronegative Moderate  Hospitalized for 5 days Moderate
4 Two doses 6 months 1.2 Seropositive (very 0 Mild Discharged from ER Mild
low titer)
5 Booster 1.5 months 1.1 Seropositive 9 Severe Hospitalized for 12days  Severe
6 Booster 3 weeks 14 Seronegative 8 Mild Discharged from ER. Mild
7 Twodoses 7 months 0.6 N/A 2 Mild Discharged from ER Mild
8 Booster 3 weeks 0.8 N/A 1 Mild Discharged from ER Mild
9 Twodoses 8 months 1.1 N/A 4 Mild Discharged from ER Mild
10 Twodoses 8 months 0.3 Seropositive 0 Severe Hospitalized for 4 days Moderate
11 Booster 2 days 0.9 Seronegative 3 Mild Discharged from ER Mild
12 Two doses 7 months 0.4 Seronegative 0 Severe Hospitalized for 3 days Mild
13 Two doses 5 months 0.6 Seronegative 4 Mild Discharged from ER Mild
14 Booster 2 weeks 1.1 Seronegative 1 Mild Hospitalized for 3 days Mild
15 Booster 1.5 months 0 N/A 6 Severe Hospitalized for 4 days Severe

*N/A, the data is not available.
**Day 0 = day on admission.
Abbreviation: ER = emergency department.

median time of 18 months (range 12-32) from end of treatment to the
time of diagnosis of SARS-CoV-2 infection.

All patients received at least 2 doses of BNT162b2 mRNA Covid-
19 vaccine, administered 4-8 months prior to SARS-CoV-2 infection
(median, 7 months). Nine patients (60%) received 2 doses of vac-
cine and six (40%) received 3 doses (Table 2). A total of 10 patients
(67%) were serologically tested for SARS-CoV-2 Spike protein IgG lev-
els at the emergency room (ER) before receiving REGEN-COV. Seven
(70%) were found to be seronegative, and three (30%) seropositive
(one seropositive patient had a very low antibody level: 1.88, posi-
tive >1 u/ml). The median time from initiation of Covid-19 related
symptoms/diagnosis and the administration of REGEN-COV was 4
days (range 1-12) and 2 days (range 0-12), respectively.

3.2 | Covid-19-related symptoms and outcome

Thirteen patients (87%) suffered from symptoms prior to admission to
the ER. Median time from the onset of symptoms until a positive RT-
PCR for SARS-CoV-2 test was 1 day (range 1-12). The most common
symptoms were fever (77%, 10/13), followed by cough (61%, 8/13),
dyspnea (31%, 4/13), and weakness (31%, 4/13). Most of the patients
(93%, 14/15) presented with lymphopenia (absolute lymphocytic
count [ALC]: median of 0.6 x 10?/L; range 0-1.4 x 10?/L). Seven of the

13 symptomatic patients were considered as having a mild Covid-19
infection and 6 patients had a moderated to severe disease (1 moder-
ate, 5 severe) requiring hospitalization. All hospitalized patients were
discharged within 3-12 days, with no clinically significant short or
long-term complications. Two patients received REGEN-CQV, despite
being asymptomatic, given that they were at high risk of progression
to a serious illness (both were severely lymphopenic; one had been
recently treated with anti-CD20-based therapy and another patient
after HSCT 1-year prior to SARS-CoV-2 infection). After a median
follow-up of 70 days (range 30-110) for the entire cohort, none of the

patients had clinical deterioration and all patients were alive.

4 | DISCUSSION
Patients with lymphoproliferative malignancies are at high risk of mor-
tality from Covid-19, especially if recently treated with B-cell deplet-
ing agents [1]. Covid-19 vaccines provide immunity to some degree in
patients with hematological malignancies. While patients treated with
anti-CD20 antibodies, BTK-inhibitors or anti-CD38 therapy [9], often
fail to respond and are considered to be at high risk for a severe Covid-
19 disease [2, 3, 10].

Here we report the outcome of 15 high-risk patients with lym-

phoproliferative malignancies who developed SARS-CoV-2 infection
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and were treated REGEN-COV. According to our findings, administra-
tion of REGEN-COQV to patients, mostly presenting with mild Covid-
19 disease, resulted with favorable clinical outcomes while none of the
patients has clinically deteriorated (requiring high-flow oxygen, intuba-
tion, or additional Covid-19 therapy).

Recent clinical studies in immunocompetent subjects suggested
that anti-SARS-CoV-2 neutralizing monoclonal antibodies are partic-
ularity effective in patients with mild to moderate Covid-19 [11, 12].
Given our experience that patients with severe Covid-19 (all seroneg-
ative) have improved with REGEN-COV and none of them died, sug-
gests that anti-SARS-CoV-2 neutralizing antibodies might have a role
also in immunocompromised patients with a more severe disease. Fur-
thermore, a recent study [13] demonstrated that among hospitalized
patients with Covid-19, REGEN-COV treatment reduced 28-day mor-
tality among patients who were seronegative in baseline.

According to our local treatment protocol, anti-SARS-CoV-2 neu-
tralizing antibody cocktails are given early, up to 10 days, after the
development of symptoms, aiming to prevent clinical deterioration.
Nevertheless, in immunocompromised patients, especially in those
treated with anti-CD20 antibodies, our local protocol allows treatment
with REGEN-COV after more than 10 days from onset of symptoms,
after consulting with an infectious disease specialist. Accordingly, two
patients received REGEN-CQV after more than 10 days (range 11-
12) at the time of admission to the ER. Both patients were discharged
from hospitalization after 5-12 days in stable condition without clini-
cal deterioration. Although this clinical experience is limited, it provides
a hint that REGEN-CQOV administration after a longer period of time
from the onset of symptoms may still be beneficial in some immuno-
compromised patients.

In summary, in this retrospective study, we show that early admin-
istration of REGEN-COV to high-risk hematological patients infected
with the SARS-CoV-2 prevented clinical deterioration and mortality.
Our cohort included patients treated with REGEN-COV prior to the
outbreak of the omicron variant, which for this highly mutated vari-
ant REGEN-COV is expected to be less effective. Larger prospec-
tive studies investigating the role of REGEN-CQV in treating high-risk
hematological patients, infected with Covid-19 or preventing infection,
against different SARS-CoV-2 variants (Delta and Omicron) (B.1.617.2,

B.1.1.529, respectively), are warranted.
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