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Abstract

Only few studies have analyzed the efficacy of tixagevimab/cilgavimab to prevent severe Coronavirus disease 2019
(COVID-19) and related complications in hematologic malignancies (HM) patients. Here, we report cases of break-
through COVID-19 after prophylactic tixagevimab/cilgavimab from the EPICOVIDEHA registry). We identified 47
patients that had received prophylaxis with tixagevimab/cilgavimab in the EPICOVIDEHA registry. Lymphoprolifera-
tive disorders (44/47, 93.6%) were the main underlying HM. SARS-CoV-2 strains were genotyped in 7 (14.9%) cases
only, and all belonged to the omicron variant. Forty (85.1%) patients had received vaccinations prior to tixagevimab/
cilgavimab, the majority of them with at least two doses. Eleven (23.4%) patients had a mild SARS-CoV-2 infection,
21 (44.7%) a moderate infection, while 8 (17.0%) had severe infection and 2 (4.3%) critical. Thirty-six (76.6%) patients
were treated, either with monoclonal antibodies, antivirals, corticosteroids, or with combination schemes. Overall,

10 (21.3%) were admitted to a hospital. Among these, two (4.3%) were transferred to intensive care unit and one
(2.1%) of them died. Our data seem to show that the use of tixagevimab/cilgavimab may lead to a COVID-19 severity
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reduction in HM patients; however, further studies should incorporate further HM patients to confirm the best drug

administration strategies in immunocompromised patients.
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To the Editor,

Despite coronavirus disease 2019 (COVID-19) vac-
cination reduced the mortality rate in patients with
hematological malignancy (HM), it remains high [1-3].
Therefore, additional strategies to prevent COVID-19
progression are needed. The combination of two anti-
bodies, tixagevimab and cilgavimab, evaluated to prevent
COVID-19, succeeded with a reduction by 83% [4]. Thus,
it was authorized in 2022 by European Medicines Agency
(EMA) [5] and United States Food and Drug Adminis-
tration (FDA) [6] for prophylactic intramuscular admin-
istration. So far, few studies have analyzed the efficacy
of tixagevimab/cilgavimab to prevent COVID-19 and
related complications in HM patients [7, 8].

Here, we report an analysis of breakthrough COVID-19
cases after prophylactic tixagevimab/cilgavimab adminis-
tration that were matched-paired in sex, age (+ 10 years),
type of baseline malignancy, malignancy status at
COVID-19 onset and number of SARS-CoV-2 vaccine
before COVID-19 to controls from the EPICOVIDEHA
registry (www.clinicaltrials.gov; NCT04733729) [9].

In total, we have identified 47 patients that had received
prophylaxis with tixagevimab/cilgavimab. The main char-
acteristics of the patients are summarized in Table 1.

Twenty-seven (57.4%) were male; the median age was
69 (range 41-87) and 28 (59.6%) patients had at least one
comorbidity beyond HM. Lymphoproliferative disorders
(44/47, 93.6%) were the main underlying HM. Only 2
(4.3%) patients each had severe neutropenia or lympho-
cytopenia. Ten (21.3%) patients had active HM at the
time COVID-19 onset. SARS-CoV-2 strains were geno-
typed in 7 (14.9%) cases, and all belonging to the omicron
variant. Forty (85.1%) patients had received mRNA-based
vaccinations prior to tixagevimab/cilgavimab injection.
Among vaccinated patients, 37 (92.5%) had received at
least two doses. Seroconversion was assessed at the time
of COVID-19 diagnosis in 27/40 (67.5%) patients, with
undetectable antibody response to vaccination in 20/40
(50.9%) patients.

Eleven (23.4%) patients had a mild SARS-CoV-2 infec-
tion, 21 (44.7%) a moderate infection without need of
hospital admission, while 7 (14.9%) had severe infection
and 3 (6.4%) critical. Thirty-six (76.6%) patients were
treated, either with monoclonal antibodies, antivirals,
corticosteroids, or with combination schemes (Table 1).
Overall, 10 (21.3%) were admitted to a hospital. Among
these, three (6.4%) were transferred to intensive care

unit (ICU). Overall, two deaths (4.3%) were reported,
one (2.1%) from a patient not admitted to hospital and
another one (2.1%) from a patient admitted to ICU. This
patient was a 69-year-old male, vaccinated with 3 mRNA
doses and underlying cardiopathy, diabetes, liver disease,
pulmonary disease, and smoking history. He was diag-
nosed with Burkitt’s Lymphoma six months before and
was under active chemotherapy at the time of COVID-
19 diagnosis. The death was attributed to COVID-19 and
HM.

Forty-five (95.7%) of the cases were matched to con-
trols not receiving tixagevimab/cilgavimab to analyze the
potential role of this prophylaxis administration in hos-
pitalization, COVID-19 severity and mortality. As shown
in Table 1, the proportion of hospitalizations in patients
receiving tixagevimab/cilgavimab prophylaxis (n=7,
15.6%) was significantly reduced compared to controls
without such prophylaxis (=21, 46.7%; p=0.001). In
addition, the number of asymptomatic/mild cases was
higher in cases with prophylaxis (n=15, 33.3%) com-
pared to controls (=13, 28.9%), while controls had
more critical COVID-19 episodes (n prophylaxis=3,
6.7%; n no prophylaxis =6, 13.3%). Statistically significant
differences between cases and controls were observed in
COVID-19 treatment too. Cases receiving prophylactic
tixagevimab/cilgavimab were more likely to receive no
treatment or corticosteroids only (#=23, 51.1%) com-
pared to controls who were more often intaking antivirals
(n=24, 53.3%, p=0.024). All-cause mortality was more
than twice as high in controls (n =6, 13.3%) not receiving
tixagevimab/cilgavimab prophylaxis as in cases (n=2,
4.4%) under with prophylaxis.

Patients with lymphoproliferative disorders accounted
for almost all cases of our report, similarly to a previ-
ous monocentric report [11]. Most of our patients had a
full vaccination course, and all the patients with malig-
nancy treatment before COVID-19, except two who
were treated with conventional chemotherapy, received
immunotherapy or target therapy with or without chem-
otherapy 6 months before COVID-19, including two
CAR-T procedures and one autologous transplant. The
median age and the comorbidities, mainly respiratory
and cardiovascular, were higher and more frequent than
in other analyses carried by EPICOVIDEHA and other
real-world settings [1, 2, 9]. Despite these parameters,
COVID-19 severity and mortality in our subset does not
seem to negatively affect the prognosis after prophylaxis
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Table 1 Characteristic of COVID-19 cases receiving tixagevimab/cilgavimab prophylaxis and their matched-paired controls

Matched-paired analysis

p value

Patients receiving tixagevimab/

cilgavimab prophylaxis

Patients receiving

tixagevimab/cilgavimab

prophylaxis

Controls not receiving
tixagevimab/cilgavimab

prophylaxis

Sex

Female/male 20/27 42.6%/57 4%

Age, in years, median (IQR) 69 (62-79) [41-87]
[range]
Comorbidities

At least one comorbidity 28 59.6%

No risk factor identified 19 40.4%
Baseline malignancy

Non-Hodgkin lymphoma 29 61.7%

Multiple myeloma 7 14.9%

Chronic lymphoid 5 10.6%

leukemia

Acute myeloid leukemia 2 4.3%

Hodgkin lymphoma 2 4.3%

Acute lymphoblastic 1 2.1%

leukemia

Myelodysplastic syn- 1 2.1%

drome

Last malignancy treatment before prophylactic tixagevimab/cilgavimab

19/26
69 (62-79) [41-84]

30
5
10

Immuno-chemotherapy 24 51.1%
Targeted agents 4 84%
Immunotherapy 2 43%
Conventional chemo- 2 4.3%
therapy
CAR-T 2 4.3%
ASCT 1 2.1%
No treatment 5 10.6%
Unknown 7 14.9%
Malignancy status at COVID-19 onset
Controlled disease 31 66.0%
Stable disease 6 12.8%
Active disease 10 21.3%
Anti-SARS-CoV-2 vaccine doses before prophylactic tixagevimab/cilgavimab
Not vaccinated 7 14.9%
1 dose 3 6.4%
> 2 doses 37 78.7%

Anti-SARS-CoV-2 vaccine doses before COVID-19
Not vaccinated
One dose
Two doses
Three doses
Four doses

Time from tixagevimab/ 40 (18-85) [2-167]

cilgavimab to COVID-19, in

days, median (IQR) [range]

COVID-19 severity
Asymptomatic 5 10.6%
Mild/Moderate 32 68.1%

42.2%/57 8%

60.0%
40.0%

64.4%
13.3%
11.1%

4.4%
2.2%
2.2%

2.2%

66.7%
11.1%
22.2%

15.6%
0.0%

11.1%
57.8%
15.6%

11.1%
22.2%

19/26
72 (63-77) [45-84]

33
12

29

30

42.2%/57.8% 1.000
0.948

73.3% 0.263
26.7%

64.4% 1.000
13.3%
11.1%

4.4%
2.2%
2.2%

2.2%

66.7% 1.000
11.1%
22.2%

15.6% 1.000
0.0%

11.1%

57.8%

15.6%

15.6% 0.525
13.3%
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Table 1 (continued)
Matched-paired analysis p value
Patients receiving tixagevimab/ Patients receiving Controls not receiving
cilgavimab prophylaxis tixagevimab/cilgavimab tixagevimab/cilgavimab
prophylaxis prophylaxis
Severe 7 14.9% 27 60.0% 26 57.8%
Critical 3 6.4% 3 6.7% 6 13.3%
Stay during COVID-19
Home 37 78.7% 35 77.8% 18 40.09% 0.001
Hospital 10 21.3% 7 15.6% 21 46.7%
ICU admission 3 6.4% 3 6.7% 6 13.3%
Days of hospital stay, median 10.5 (5-24) [4-30] 13 (9-31) [4-68] 10 (4-20) [1-48] 0.242
(IQR) [range]
COVID-19 treatment
Antivirals 15 31.9% 17 37.8% 24 53.3% 0.024
Corticosteroids alone 16 34.0% 15 33.3% 5 11.1%
Monoclonal antibod- 5 10.6% 5 11.1% 3 6.7%
ies = antivirals = corticos-
teroids
No treatment 1 23.4% 8 17.8% 13 28.9%
Follow up days since 109 (73-122) [28-177]
prophylactic tixagevimab/
cilgavimab
Outcome
Alive 45 95.7% 43 95.6% 39 86.7% 0.266
Dead 2 4.3% 2 4.4% 6 13.3%

CAR-T chimeric antigen receptor T cells, ASCT autologous stem cell transplant, COVID-19 coronavirus disease 2019, ICU intensive care unit, IQR interquartile range,

SARS-CoV-2 severe acute respiratory syndrome coronavirus

with tixagevimab/cilgavimab, as noted in the matched-
paired analysis. Moreover, a limited number of patients
required hospitalization, short in most cases, while only
two deaths were observed. One could hypothesize that
the reduction in the SARS-CoV-2 progression to criti-
cal infections can be related to the protective synergistic
action of the prophylactic antibodies and the vaccination
approach, as previously shown [8]. The favorable clini-
cal outcome obtained after passive immunization with
tixagevimab/cilgavimab in our cohort is quite promising
if we consider that severe breakthrough COVID-19 after
vaccination showed a still high mortality rate [1, 2], even
though this is lower in patients who received monoclonal
antibodies, antivirals, or in combination. [10].

The present study has certain limitations, due to the
retrospective observational design and the potential
selection bias due to the lack of indication to register the
cases of patients who received prophylactic tixagevimab/
cilgavimab but who did not develop the infection.
Reduced sample size may have restricted the significance
level of our results too, although these are promising.

In conclusion, we report that the use of tixagevimab/
cilgavimab prophylaxis may trigger a COVID-19 sever-
ity reduction, in terms of hospitalization and mortality in

HM patients. Nevertheless, future studies should incor-
porate further HM patients to confirm the best drug
administration strategies in this group at high risk. Seek-
ing for novel and more effective monoclonal antibodies
is necessary for prophylactic or therapeutic purposes in
HM in light of the occurrence of emerging omicron sub-
lineages (i.e., BQ.1.1) resistant to those currently avail-
able [11].

Abbreviations
COVID-19  Coronavirus disease 2019

HM Hematologic malignancies

EMA European Medicines Agency

FDA Food and Drug Administration
SARS-CoV-2 Acute respiratory syndrome coronavirus 2
ICU Intensive care unit

CAR-T Chimeric antigen receptor T cells

Acknowledgements
Not applicable.

Author contributions

L.P. served as the principal investigator. EFM,, J.S.G,, C.B. and L.P. contributed to
study design, study supervision, and data interpretation and wrote the paper.
FM. J.S.G, CB.and L.P. did the statistical plan, analysis and interpreted the
data. All the authors recruited participants and collected and interpreted data.
All authors contributed to manuscript writing and review of the manuscript.
All authors agreed to be accountable for all aspects of the work in ensuring



Marchesi et al. Journal of Hematology & Oncology (2023) 16:32

that questions related to the accuracy or integrity of any part of the work are
appropriately investigated and resolved. All authors read and approved the
final manuscript.

Funding

EPICOVIDEHA has received funds from Optics COMMIT (COVID-19 Unmet
Medical Needs and Associated Research Extension) COVID-19 RFP program by
GILEAD Science, United States (Project 2020-8223).

Availability of data and materials

Individual participant data that underlie the results reported in this article,
after de-identification (text, tables, figures, and appendices), will be available
together with the study protocol. This will be from 9 to 24 months follow-

ing article publication. Data will be available only for investigators whose
proposed use of the data has been approved by an independent review com-
mittee identified for this purpose.

Declarations

Ethics approval and consent to participate

The study was formally approved by the Ethical Committee of Fondazione
Policlinico Universitario Agostino Gemelli—IRCCS, Universita Cattolica del
Sacro Cuore of Rome with the following registration number: 3226. The study
was conducted in compliance with Helsinki Declaration and Good Clinical
Practice. The corresponding local ethics committee of each participating insti-
tution has approved the EPICOVIDEHA study when applicable. EPICOVIDEHA
has been registered at www.clinicaltrials.gov with the identifier NCT04733729.
The anonymized data that do not contain any personally identifiable informa-
tion from any sources implies that the informed consent is not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

"Hematology and Stem Cell Transplant Unit, IRCCS Regina Elena National
Cancer Institute, Rome, Italy. 2Institute of Translational Research, Cologne
Excellence Cluster On Cellular Stress Responses in Aging-Associated Diseases
(CECAD), University Hospital Cologne, Faculty of Medicine, University

of Cologne, Cologne, Germany. >Department | of Internal Medicine, Center
for Integrated Oncology Aachen Bonn Cologne Duesseldorf (CIO ABCD)

and Excellence Center for Medical Mycology (ECMMUniversity Hospital
Cologne, Faculty of Medicine), University of Cologne, Herderstrale 52-54,
50931 Cologne, Germany. “German Centre for Infection Research (DZIF),
Partner Site Bonn-Cologne, Cologne, Germany. °Ematologia Con Trapianto,
Ospedale Dimiccoli Barletta, Barletta, Italy. °San Luigi Gonzaga Hospital -
Orbassano, Orbassano, Italy. ’Centre Hospitalier de Versailles, Le Chesnay,
France. 8UVSQ, Inserm, Equipe “Exposome Et Hérédité” CESP, Université
Paris-Saclay, Villejuif, France. "Hospital Nuestra Sefora de Sonsoles, Avila, Spain.
1%Hematology Unit, Fondazione Policlinico Universitario Agostino Gemelli -
IRCCS, Rome, Italy. '"Department | of Internal Medicine, Center for Integrated
Oncology Aachen Bonn Cologne Duesseldorf (CIO ABCD) and Excellence
Center for Medical Mycology (ECMM), University Hospital Cologne, Faculty
of Medicine, University of Cologne, Cologne, Germany. '2Hematology

Unit, Fondazione IRCCS Ca' Granda Ospedale Maggiore Policlinico, Milan,
Italy. *Fondazione IRCCS Ca’Granda Ospedale Maggiore Policlinico, Milan,
Italy. '“Department of Hematology, Research Unit, Hospital Universitario

de Burgos, Burgos, Spain. "*Facultad de Ciencias de La Salud, Universidad
Isabel I, Burgos, Spain. '®Fundacion Jimenez Diaz University Hospital, Health
Research Institute IIS-FJD, Madrid, Spain. '”IRCCS Ospedale San Raffaele,
Milan, Italy. "®University Medical Center Groningen, Groningen, Netherlands.
'“Dipartimento Di Sicurezza E Bioetica, Fondazione Policlinico Universitario
Agostino Gemelli - IRCCS, Rome, Italy. 2’Hospital Universitario Lucus Augusti,
Lugo, Spain. 2! Department of Medicine, University Medical Center Hamburg-
Eppendorf, Hamburg, Germany. ?Department of Internal Medicine, ADRZ,
Goes, Netherlands. 2Hematology and Stem Cell Transplan Unit, Vito Fazzi,
Lecce, Italy. *“Department of Hematology, Hospital Universitario de Burgos,
Burgos, Spain. 2University of Milan and Fondazione IRCCS Istituto Nazionale

Page 5 of 5

Dei Tumori, Milan, Italy. “Medizinische Klinik II, Klinikum Rechts Der Isar,

TU Miinchen, Munich, Germany. 2Hospital Escuela de Agudos Dr. Ramon
Madariaga, Posadas, Argentina. “Hospital University of Parma - Hematology
and Bone Marrow Unit, Parma, Italy. 2’Department of Oncology, Hematology
and Bone Marrow Transplantation with Section of Pneumology, University
Medical Center Hamburg-Eppendorf, Hamburg, Germany. *Department

of Hematology and Oncology, Comprehensive Cancer Center Innsbruck
(CCCl), Medical University of Innsbruck (MUI), Innsbruck, Austria. >' Department
of Hematology, Copenhagen University Hospital - Rigshospitalet, Copenha-
gen, Denmark. *?Division of Haematology, Institution of Internal Medicine,
Faculty of Medicine, University of Debrecen, Debrecen, Hungary. **Depart-
ment of Nephrology and Infectious Diseases, AZ Sint-Jan Brugge-Oostende
AV, Brugge, Belgium. **Azienda Sanitaria Universitaria del Friuli Centrale, Udine,
Italy. **La Paz University Hospital, Madrid, Spain. **CIBERINFEC, Instituto de
Salud Carlos Ill, Madrid, Spain. ¥ Clinical Trials Centre Cologne (ZKS KéIn), Uni-
versity Hospital Cologne, Faculty of Medicine, University of Cologne, Cologne,
Germany. *®Center for Molecular Medicine Cologne (CMMC), University Hos-
pital Cologne, Faculty of Medicine, University of Cologne, Cologne, Germany.
*Hematology Unit, Universita Cattolica del Sacro Cuore, Rome, Italy.

Received: 30 January 2023 Accepted: 12 March 2023
Published online: 01 April 2023

References

1. Pagano L, Salmanton-Garcia J, Marchesi F, Blennow O, Gomes da Silva
M, Glenthgj A, et al. Breakthrough COVID-19 in vaccinated patients with
hematologic malignancies: results from EPICOVIDEHA survey. Blood.
2022;140:2773-87.

2. Pagano L, Salmanton-Garcia J, Marchesi F, Busca A, Corradini P, Hoenigl M,
et al. COVID-19 infection in adult patients with hematological malig-
nancies: a European Hematology Association Survey (EPICOVIDEHA). J
Hematol Oncol. 2021;14:168.

3. Salmanton-Garcia J, Marchesi F, Glenthoj A, Bilgin YM, van Praet J, Dévila-
Valls J, et al. Improved clinical outcome of COVID-19 in hematologic
malignancy patients receiving a fourth dose of anti-SARS-CoV-2 vaccine:
an EPICOVIDEHA report. Hemasphere. 2022;6:e789.

4. Levin MJ, Ustianowski A, De Wit S, Launay O, Avila M, Templeton A, et al.
Intramuscular AZD7442 (Tixagevimab-Cilgavimab) for Prevention of
Covid-19. N Engl J Med. 2022;386:2188-200.

5. European Medicine Agency. Evusheld. https://www.ema.europa.eu/en/
documents/product-information/evusheld-epar-product-information_
en.pdf. Last accessed 30 Nov 2022.

6. US. Food and Drug Administration. Fact sheet for Patients, Parents
And Caregivers Emergency Use Authorization (EUA) of EVUSHELD™
(tixagevimab co-packaged with cilgavimab) for Coronavirus Disease
2019 (COVID-19). https://www.fda.gov/media/154702/download. Last
accessed 30 Nov 2022.

7. Stuver R, Shah GL, Korde NS, Roeker LE, Mato AR, Batlevi CL, et al. Activity
of AZD7442 (tixagevimab-cilgavimab) against Omicron SARS-CoV-2 in
patients with hematologic malignancies. Cancer Cell. 2022;40:590-1.
Davis JA, Granger K, Roubal K, Smith D, Gaffney KJ, McGann M, et al.
Efficacy of tixagevimab-cilgavimab in preventing SARS-CoV-2 for patients
with B-cell malignancies. Blood. 2023;141:200-3.

9. Salmanton-Garcia J, Busca A, Cornely OA, Corradini P, Hoenigl M, Klimko
N, et al. EPICOVIDEHA: a ready to use platform for epidemiological studies
in hematological patients with COVID-19. Hemasphere. 2021,5:e612.

10. Owen C, Robinson S, Christofides A, Sehn LH. A Canadian perspective:
monoclonal antibodies for pre- and post-exposure protection from
COVID-19 in vulnerable patients with hematological malignancies. Curr
Oncol. 2022;29:3940-9.

11. Arora P, Kempf A, Nehimeier I, Schulz SR, Jack HM, Pohimann S, et al.
Omicron sublineage BQ.1.1 resistance to monoclonal antibodies. Lancet
Infect Dis 2023;23:22-3.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://www.ema.europa.eu/en/documents/product-information/evusheld-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/evusheld-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/evusheld-epar-product-information_en.pdf
https://www.fda.gov/media/154702/download

	Passive pre-exposure immunization by tixagevimabcilgavimab in patients with hematological malignancy and COVID-19: matched-paired analysis in the EPICOVIDEHA registry
	Abstract 
	Acknowledgements
	References


