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Abstract: Tixagevimab—cilgavimab are effective for treatment of early COVID-19 among outpatients
with risk factors for progression to severe illness, as well as for primary prevention and post-
exposure prophylaxis. We aimed to retrospectively evaluate the hospital stay (expressed in days),
prognosis, and negativity rate for COVID-19 after treatment with tixagevimab-cilgavimab.We
enrolled 42 patients who were nasal swab positive for SARS-CoV-2 (antigenic and molecular), both
vaccinated and not vaccinated for COVID-19, hospitalized at the first division of the Cotugno
Hospital in Naples and who received intramuscular single dose of tixagevimab-cilgavimab (300 mg
/ 300 mg). All patients candidates for tixagevimab-cilgavimab had immunocompromised immune
system either for chronic degenerative disorders (Group A: 27 patients) or onco-hematological
diseases (Group B: 15patients). Patients enrolled in group A came to our observation after 10 days
from the detection of positivity to COVID-19 unlike the other types of patients enrolled in this study.
The mean stay in hospital of patients in Group A was 21+5 days vs 25+5 days in Group B. Twenty
patients resulted negative after a median of hospitalization stay of 16 days (IQR: 18-15.25), of them
5 (25%) patients belonged to group B. Therefore, patients with active hematological malignancy had
the lower negativization rate.

Keywords: COVID19; Tixagevimab-cilgavimab; Remdesivir

1. Introduction

Antiviral therapies alone are not sufficient to change the course of the COronaVIrus Disease 2019
(COVID-19) [1], especially in frail patients. Therefore, identifying new therapeutic options to prevent
or fight this disease is essential [2].

Tixagevimab—cilgavimab is a long acting monoclonal antibody combination of two Fe-modified
human monoclonal antibodies obtained from patients who recovered from COVID-19. Tixagevimab
and cilgavimab bind non-overlapping sites of the spike (S) glycoprotein of the Severe Acute
Respiratory Syndrome COronaVirus-2 (SARS-CoV-2), the causative agent of COVID-19 [3]. The Fc
region was modified to extend their half-life (about 90 days) and reduce the binding to the Fc receptor
and Clq complement minimizing the risk of increasing disease inflammation [4,5]. This extended
half-life could also offer the advantage of a long-term protection against symptomatic COVID-19
compared to shorter half-lives of other anti-SARS-CoV-2 monoclonal antibodies (approximately 18-

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202309.0929.v1
http://creativecommons.org/licenses/by/4.0/

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 September 2023 do0i:10.20944/preprints202309.0929.v1

2

32 days) [6-8]. Tixagevimab-cilgavimab by binding different sites of the S protein may also help to
overcome the immune escape and maintain susceptibility to SARS-CoV-2 variants [9]. Based on this
beneficial properties, this combination was authorized in Europe for the treatment of early COVID-
19 among outpatients (aged =12 years and weighed at least 40 Kg) who do not require oxygen
supplement therapy and have risk factors for progression to severe illness, as well as for pre-exposure
prophylaxis to SARS-CoV-2 [10].

After the marketing authorization, a randomized, phase 3, clinical trial was published. This trial
compared tixagevimab-cilgavimab with placebo in hospitalized COVID-19 patients receiving
remdesivir and standard care, finding no improvement in the primary outcome (time to sustained
recovery) but a good safety profile and a low mortality rate in the tixagevimab-cilgavimab group
[11]. Moreover, few evidence described the use of tixagevimab—cilgavimab in patients affected by
hematological malignancies or impaired immune system [12,13].

Although tixagevimab-cilgavimab seems to be an important therapeutic strategy for protecting
people who cannot be vaccinated or respond poorly to COVID-19 vaccines and to treat early COVID-
19, based on the few real-world evidence available in frail patients, further researches are needed to
better define the place in therapy of this medicine. Therefore, we decided to conduct a retrospective
observational chart review to describe the use of tixagevimab-cilgavimab in patients affected by
COVID-19 and other comorbidities.

2. Materials and Methods

In this observational retrospective chart review study, we enrolled patients who were nasal swab
positive for SARS-CoV-2 (Antigenic and molecular), vaccinated or not for COVID-19, hospitalized at
the first division of the Cotugno Hospital in Naples (UOC of Emerging and Highly Contagious
Infectious Diseases) and who received a therapeutic dose of tixagevimab-cilgavimab from July 8, 2022
to January 10, 2023. Patients received an intramuscular single dose of tixagevimab-cilgavimab at 300
mg/300 mg.

Patients were divided into two groups: those affected by chronic disorders (group A) and those
affected by oncohaematological diseases (group B). The two groups were evaluated for the length of
stay in hospital (expressed in days) and negativity for COVID-19 at follow-up.

Patients’ venous blood sampling was analyzed for immunoglobulins A (IgA), M (IgM), and G (IgG),
C-reactive protein (CRP), procalcitonin, interleukine-6 (IL6), D-dimer, and fibrinogen. High
resolution CT scan of the chest (HR chest CT) at hospital admission was also performed. Antigen
research for SARS-CoV2 was carried out on the nasal swab (Methodical: Chemiluminescence Enzyme
ImmunoAssay), also the search for viral RNA was carried out with the Real time PCR.

Positivity for antispike antibodies did not exclude treatment with intramuscular tixagevimab-
cilgavimab.

3. Results

Forty-two patients were enrolled and received tixagevimab-cilgavimab. All patients were
affected by omicron SARS-CoV-2 variants and were hospitalized for causes other than COVID-19.
No patient complained for side effects related to the administration of tixagevimab-cilgavimab.

Of the 42 enrolled patients, 21 were females and 21 were males, with a median age of 71 years
(Interquartile range, IQR: 78.5-59.0). Fifteen patients had onco-hematological diseases (Group B);
specifically, 11 patients were affected by active non-Hodgkin lymphoma (NHL), and 4 patients by
chronic lymphocytic leukemia (CLL). A total of 27 patients were affected by chronic disorders (Group
A), including cardiovascular disorders (n=8), degenerative diseases (n=7), solid tumors (n=5),
infections (n=4), and autoimmune diseases (n=3). Ten (37%) patients of group A were affected by
more than one chronic disorder. Basal characteristics of these patients are shown in table 1, while the
underlying pathologies in table 2. Eleven (40.7%) patients of group A and 12 (80.0%) patients of group
B were treated with remdesivir (Table 1). One patient of group B did not receive remdesivir treatment
because she was discharged against the advice of the health care workers in oxygen therapy with a
Venturi mask (during the short hospitalization the patient presented a rapid worsening of respiratory
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function). Patients with NHL and CLL also had immunoglobulins deficiency. Two patients presented
sepsis upon admission to the hospital. One patient had legionella pneumonia. The enrolled patients
presented a variegated pulmonary CT picture (Table 3).

Table 1. The demographic, laboratory and clinical characteristics of the 42 patients with COVID-19
receiving tixagevimab-cilgavimab. Group A: patients affected by chronic disorders; Group B: patients

affected by oncohematological disorders.

A B Overall
(N=27) (N=15) (N=42)

Age

Mean (SD) 66.8 (18.2) 69.9 (10.1) 68.0 (15.6)

Median [Min, Max] 71.0 [35.0, 98.0] 73.0 [49.0, 88.0] 71.0 [35.0, 98.0]

Missing 2 (7.4%) 0 (0%) 2 (4.8%)
Gender

F 15 (55.6%) 6 (40.0%) 21 (50.0%)

M 12 (44.4%) 9 (60.0%) 21 (50.0%)
CRP

Mean (SD) 16.3 (12.6) 25.3 (30.9) 19.3 (20.5)

Median [Min, Max] 16.1 [0.0200, 44.9] 13.2 [4.70, 94.0] 14.8 [0.0200, 94.0]

Missing 7 (25.9%) 5 (33.3%) 12 (28.6%)
IL6

Mean (SD) 176 (509) 36.6 (28.6) 116 (387)

Median [Min, Max] 19.0 [3.20, 2030] 27.7 [3.10, 96.3] 22.9[3.10, 2030]

Missing 11 (40.7%) 3 (20.0%) 14 (33.3%)
D-Dimer

Mean (SD) 1880 (1910) 521 (477) 1400 (1680)

Median [Min, Max] 1030 [220, 6890] 290 [103, 1470] 776 [103, 6890]

Missing 5 (18.5%) 3 (20.0%) 8 (19.0%)
Fibrinogen

Mean (SD) 539 (254) 493 (107) 527 (221)

Median [Min, Max] 554 [179, 1140] 451 [387, 666] 519 [179, 1140]

Missing 14 (51.9%) 10 (66.7%) 24 (57.1%)
Procalcitonin

Mean (SD) 2.57 (5.82) 0.788 (2.54) 1.92 (4.91)

Median [Min, Max] 0.940 [0.0200, 26.6]  0.0500 [0.0200, 8.86]  0.140 [0.0200, 26.6]

Missing 6 (22.2%) 3 (20.0%) 9 (21.4%)
IgA

Mean (SD) 247 (124) 124 (135) 196 (140)
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Median [Min, Max]
Missing

IgM
Mean (SD)
Median [Min, Max]
Missing

IgsG
Mean (SD)
Median [Min, Max]
Missing

Antiviral therapy
Remdesivir (10 mg)
Remdesivir (5 mg)
No treatment
Molnupiravir
Missing
COVID-19 vaccine
Not vaccinated
2 dose
3 dose
4 dose

235 [35.0, 519]
10 (37.0%)

125 (133)
73.0 [29.0, 580]
9 (33.3%)

953 (413)
991 [245, 1780]
8 (29.6%)

4 (14.8%)
7 (25.9%)
11 (40.7%)
1 (3.7%)
4 (14.8%)

12 (44.4%)
5 (18.5%)
8 (29.6%)
2 (7.4%)

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 September 2023

78.5 [11.0, 495]
3 (20.0%)

29.4 (11.5)
25.5[21.0, 53.0]
7 (46.7%)

631 (315)
662 [149, 1290]
2 (13.3%)

9 (60.0%)
3 (20.0%)
1(6.7%)
0 (0%)
2 (13.3%)

4 (26.7%)
1 (3.7%)
10 (66.7%)

do0i:10.20944/preprints202309.0929.v1

156 [11.0, 519]
13 (31.0%)

95.5 (119)
62.5 [21.0, 580]
16 (38.1%)

822 (404)
771 [149, 1780]
10 (23.8%)

13 (31.0%)
10 (23.8%)
12 (28.6%)
1(2.4%)
6 (14.3%)

16 (38.1%)
6 (14.3%)

18 (42.8%)
2 (4.8%)

C-reactive protein (CRP); Interleukin-6 (IL6); Standard deviation (SD).

Table 2. Pathologies of COVID-19 patients treated with tixagevimab-cilgavimab.

Diseases Group A Group B
Cardiovascular disorders (n=8)

Hypertensive cardiopathy 3 -
Atrial fibrillation 2 -
Arterial hypertension 1 -
Ischemic cardiopathy 1 -
Stroke 1 -
Degenerative diseases (n=7)

Wagner syndrome 1 -
Alzheimer’s disease 4 -
Multiple sclerosis 1 -
Creutzfeldt-Jakob disease 1 -
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Solid tumors (n=5)

Lung carcinoma 4

Breast carcinoma 1

Infections (n=4)

Cirrhosis HBV related 1 -
Cryptococcal meningitis 1 -
HIV 2 -

Autoimmune disorders (n=3)

Autoimmune gastritis 1 -
Rheumatoid arthritis 1 -
Magic Syndrome 1 -
Other (n=5)

Iatrogenic marrow aplasia 1 -
Chronic kidney disease 4 -

Oncohematological diseases (n=15)

Chronic lymphocytic leukemia -

Non-Hodgkin lynfoma -

11

Table 3. HR chest CT scan of 42 patients with SARS-CoV-2 infection before treatment with

tixagevimab-cilgavimab.

Group A

Patient 2: GGO + consolidation
Patient 3: 7/20 + acinetobacter multi-drug resistant
Patient 4: 15/20

Patient 7: 5/20

Patient 14: GGO

Patient 15: GGO + effusion
Patient 16: 9/20

Patient 18: GGO + thickening
Patient 19: GGO + effusion
Patient 20: Not available
Patient 21: GGO + thickening
Patient 23: no pneumonia
Patient 24: GGO

Patient 27: GGO + thickening
Patient 28: GGO

Patient 29: 13/20

Patient 30: Not available
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Patient 31: 7/20

Patient 32: GGO + thickening

Patient 33: GGO

Patient 34: no pneumonia

Patient 35: Not available

Patients 36: Not available

Patient 37: GGO + thickening + effusion
Patient 38: Not available

Patient 39: GGO + thickening + effusion
Patient 40: GGO + thickening

Group B

Patient 1: GGO + Legionella infection
Patient 5: 13/20

Patient 6: areoles

Patient 8: Not available

Patient 9: GGO

Patient 10: 18/25

Patient 11: 12/20

Patient 12: GGO

Patient 13: GGO + consolidation + effusion
Patient 17: GGO + thickening

Patient 22: cerebral edema, no pneumonia
Patient 25: GGO

Patient 26: GGO + consolidation

Patient 41: 4/20 + thickening

Patient 42: bilateral GGO

Ground-glass opacity (GGO).

Of the 42 enrolled patients, 16 patients were unvaccinated (12 patients for group A and 4 patients
in group B). IL-6 levels were similar between groups. CRP at admission was higher in Group A
compared to Group B (Table 1). Moreover, in stratifying CRP levels for remdesivir treatment we
found an higher median levels for remdesivir 5 mg (Median: 20.5; IQR: 27.06-9.70, Figure 1).
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Figure 1. PCR levels according to remdesivir treatment (10 mg, 5 mg, or no treatment).

The mean stay in hospital of patients in Group A was 2145 days vs 25+5 days in Group B. Twenty
patients resulted negative after a median of hospitalization stay of 16 days (IQR: 18-15.25), of them 5
(25%) patients belonged to group B. Eight patients died from COVID-related respiratory failure: 4 for
each group. 2 patients in Group B presented respiratory distress syndrome . Patients enrolled in our
study and affected by CLL and NHL came to our observation after 10 days from the detection of
positivity to COVID-19 unlike the other types of patients enrolled in this study.

4. Discussion

Treatments are needed for patients with COVID-19 at high risk of being hospitalized or death,
such as older adults, those with multiple comorbidities, or patients immunocompromised [14-17].
Specifically, patients with an impaired immune system are at higher risk of prolonged or unresolved
SARS-CoV-2 infection, which might also facilitate the development of new variants [18]. In fact, the
presence of active malignancy as well as the type of hematological malignancy, altogether with age,
presence of comorbidities, stay in the Intensive Care Unit, and need of mechanical ventilation are
recognized risk factors for adverse outcomes in patients with COVID-19 and hematological
malignancies [19].
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In this study, we observed a mean stay in hospital similar between patients treated with
tixagevimab-cilgavimab affected by onco-hematological tumor or those affected by chronic disorders
in spite of a higher negativization rate for those affected by chronic disorders (75%). Indeed, patients
with hematologic malignancy are characterized by a more compromised immune response to SARS-
CoV-2 and high mortality rate (about 34%) [19]. Moreover, hematologic patients can have an
impaired response to COVID-19 vaccines by failing in the production of anti-S antibodies after a full
vaccination cycle [20]. This poor response is common in patients with B cell tumors, such as the CLL
[21]. Our hematologic patients mostly had a 3-dose schedule of COVID-19 vaccines (n= 10; 66.7%). In
the literature, the administration of tixagevimab-cilgavimab did not show to change the response to
COVID-19 vaccines [22], but rather to potentiate the pre-existing protection against SARS-CoV-2
infection, also in immunocompromised patients receiving a full vaccination [23,24].

Moreover, the low negativization rate observed in patients with hematological tumors may also
be due to the delayed start of treatment with tixagevimab-cilgavimab, since patients came to our
observation only after 10 days from the positivity to COVID-19. This may suggest the importance of
starting early the treatment with tixagevimab-cilgavimab to have a higher probability of a good and
effective clinical response to the therapy.

Generally, the effectiveness and safety of tixagevimab-cilgavimab as pre-exposure prophylaxis
against COVID-19 was widely evaluated. A meta-analysis found that tixagevimab-cilgavimab
prophylaxis may reduce the rate of SARS-CoV-2 infection (OR: 0.24; 95% CI: 0.15-0.40) and COVID-
19 hospitalization (OR: 0.13; 95% CI: 0.07-0.24), and decrease the severity (OR: 0.13; 95% CI: 0.07-0.24),
and mortality (OR: 0.17; 95% CI: 0.03-0.99) associated with COVID-19 [25]. Another meta-analysis
evaluated the effectiveness of tixagevimab-cilgavimab prophylaxis in immunocompromised
participants, including patients with hematological malignancies, confirming an overall clinical
effectiveness of tixagevimab/cilgavimab in terms of hospitalisation, intensive care admission and
mortality [26]. Both meta-analyses showed the efficacy and safety of tixagevimab-cilgavimab for
preventing COVID-19. However, its efficacy as post-exposure treatment has been more conflicting.
A randomised, double-blind, phase 3, placebo-controlled trial (ACTIVE-3 study) investigating the
efficacy of tixagevimab-cilgavimab compared to placebo in patients treated with remdesivir and
other standard therapy found no improvement in the primary outcome of time to sustained recovery
with tixagevimab—cilgavimab but it was safe and with low mortality [11]. Another phase 3 study
(STORMCHASER study) evaluated the treatment with tixagevimab/cilgavimab as post-exposure
prophylaxis against symptomatic COVID-19, finding no difference in the incidence of post-dose
positive symptomatic COVID-19 compared to placebo [27]. On the contrary, the phase 3, randomized,
double-blind, placebo-controlled trial (TACKLE study) demonstrated that tixagevimab/cilgavimab
can prevent the development of severe COVID-19 by reducing the risk of severe COVID-19 or death
of 50.5% (95%CI 14.6-71.3; p=0.0096) and 66.9% (95%CI 31.1-84.1; 0.0017) in patients with mild or
moderate COVID-19 overall and symptomatic for less than 5 days, respectively [8]. In particular, this
study suggested the efficacy of tixagevimab/cilgavimab in reducing COVID-19 progression and
death in high risk patients [8]. However, it should be highlighted that the most representative risk
factors (>10%) were obesity, smoking, hypertension, diabetes, and lung diseases, while the
immunocompromised state was underrepresented [8].

We observed a good safety profile for tixagevimab/cilgavimab in accordance with results of
aforementioned clinical trials, in which most event were found mild and moderate in severity, with
an incidence similar between the tixagevimab—cilgavimab and placebo groups [8,11,27].

In our study, all patients were affected by omicron variants. In this regards, in-vitro studies have
shown the efficacy of tixagevimab/cilgavimab in neutralizing the BA.1, BA.1.1, BA.2, BA.2.12.1, BA.3,
BA.4, and BA.5 omicron subvariants with a potency within the half maximal inhibitory concentration
(IC50) range of 4.0-806.0 ng/mL [28-31].

The main limitation of our study was the small number of patients enrolled and treated with
tixagevimab-cilgavimab, which also hindered the execution of an adequate statistical analysis. Even
so, we described our experience on the use of tixagevimab-cilgavimab in patients with chronic and

do0i:10.20944/preprints202309.0929.v1
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onco-hematological disorders, thus providing new data on the safety and efficacy of this therapy in
frail patients.

5. Conclusion

In conclusion, patients with active hematological malignancy are those with the worst prognosis

for COVID-19, despite the therapy with tixagevimab-cilgavimab and remdesivir. These
results, according to the new COVID19 wave currently interesting Europe and USA [32], could be
considered to early intercept frail patients to be treated as soon as possible with current antiviral and
monoclonal antibodies. Therefore, it could be useful to sensitize hematologists and patients
with active hematological malignancies to early start the pharmacological treatment (within 10
days from the detection of COVID-19 positivity). Further studies with an adequate sample size are
needed to better elucidate the efficacy and safety of tixagevimab-cilgavimab in patients with
COVID-19 and affected by chronic comorbidities or an impaired immune response.
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