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Abstract: (1) Background: Immunosuppressed patients, especially those receiving B-cells depleting therapies
(BCDT), are at major risk to develop reduced vaccine seroconversion and contract severe acute respiratory
syndrome coronavirus 2 (SARS-CoV2) infection. The aim of our study is to assess safety and efficacy of the pre-
exposure prophylactic combination of Tixagevimab and Cilgavimab (TGM-CGM) in a cohort of rheumatic
patients diagnosed with Autoimmune Rheumatic Diseases; (2) Methods: We performed a prospective study
using the clinical medical charts of 25 patients treated with Rituximab and received a single injection of
TGM/CGM. The cohort was followed for 6 months from the injection and compared to a control group of 25
immunosuppressed patients who did not receive TGM-CGM. We assessed the incidence and the severity of
Covid-19 in both groups, as well as early and late adverse events; (3) Results: Despite the small sample, we
noticed a downward trend in the incidence and severity of symptomatic infection in the group treated with
TGM/CGM. In the experimental cohort, one patient was completely asymptomatic, four patients were
oligosymptomatic infection, and just one had mild-moderate infection versus 4 oligosymptomatic and 5 mild-
moderate infection in the control group. We observed also a reduction in time to nasopharyngeal swab
negativization. No adverse events were reported in our data. We collected the dosage of anti-Receptor-Binding
Domain (RBD) SARS-CoV2 spike protein for 21 patients, revealing adequate seroconversion in 12 patients out
of 21; (4) Conclusions: Even though the study was conducted during the Omicron wave, notably known to be
less responsive to monoclonal antibodies, we proved that TGM-CGM could be a risk-free additional tool to
prevent SARS-Cov2 infection in rheumatic immunosuppressed patients.
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1. Introduction

Since the beginning of pandemic in 2020, SARS-Cov2 has killed more than 6 million people
worldwide, of which more than 190 thousand only in Italy [1].

To date, it is still controversial if people affected by autoimmune rheumatic diseases present an
increased risk of contracting SARS-CoV2 and/or having more severe disease. Some studies showed
equal incidence and severity of Coronavirus disease-2019 (COVID-19) in rheumatic patients
compared with general population [ 2-5]. By contrast, other studies underlined that the use of
conventional disease-modifying antirheumatic drugs (cDMARDs), of Tumor Necrosis Factor-Alpha
(TNFa) antagonists and tocilizumab do not affect the course of COVID-19, whereas the use of B-cell-
depleting therapies (BCDT) such as Rituximab (RTX) seems to be associated to more severe disease
and worst outcome [6-11].

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


https://doi.org/10.20944/preprints202312.0525.v1
http://creativecommons.org/licenses/by/4.0/

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 December 2023 doi:10.20944/preprints202312.0525.v1

Vaccination worldwide has been the primary and the most important strategy to stem the virus’
spread as well as decrease the severity and the mortality of COVID-19 [12-13]. However, certain
immunocompromised patients especially those receiving Rituximab, have shown reduced response
to anti-SARS-CoV-2 vaccine, impairing the protective effect against the infection [ 14-19]. Hence, the
need to find a new strategy to protect fragile patients.

In March 2022, the European Medicine Agency (EMA) approved a new drug as a pre-exposure
passive prophylaxis against SARS-CoV2 for individuals who had a suboptimal vaccination response
or for the unvaccinated [20]. TGM-CGM, also known as AZD7442, is composed by two fully human
monoclonal antibodies tixagevimab and cilgavimab (TGM-CGM), capable of binding to different
segments of the SARS-CoV-2 spike proteins, preventing the virus entrance in human cells [21]. The
use of TGM/CGM has been supported by the PROVENT study where a reduction of 76.7% in the
relative risk of symptomatic infection was observed [22].

In real-life experience, the efficacy of TGM-CGM has been demonstrated in patients
immunocompromised for B-cell malignancies, cancer, neuroinflammatory diseases, hematopoietic
stem cell or organ transplants but still little is known about autoimmune rheumatic diseases [ 23-26].

The aim of this case-control prospective study is to assess the efficacy of preventing SARS-CoV2
infection and the safety of the use of TGM-CGM in a cohort of immunosuppressed patients suffering
from Connective Tissue Disease (CTD) or Rheumatoid Arthritis (RA) that received at least one
infusion of Rituximab in 2022.

2. Materials and Methods

2.1. Inclusion criteria

We included outpatients aged > 18 years with any of the following diseases: Systemic sclerosis
(55c), Idiopathic Inflammatory myophaty (IIM), Sjogren Syndrome (SS), Systemic Lupus
Erythematosus (SLE), Mixed Connective Tissue Disease (MCTD) and Rheumatoid Arthritis (RA)
according to the ACR/EULAR recommendations [27-32]. Moreover, patients should be able to
understand and sign an informed consent and they should have received at least one intravenous
infusion of RTX in the six months previous to TGM-CGM administration.

We excluded patients aged < 18 years, unable to understand informed consent, diagnosed with
a different disease from the previously reported, those who never received RTX infusion or who
concluded the RTX administration before than the last six months from the start of the observation.

2.2. Data management

We performed a prospective study using the clinical medical charts of patients followed in the
Rheumatology Unit at the University of Florence.

The experimental group (EG) was composed of patients who received a single dose of TGM-
CGM from September 2022 to December 2022. They were followed for six months from the day of
administration. We chose this frame time since in Italy, the winter season is the most likely period to
contract infection.

The Control Group (CG) was composed of patients who met the inclusion criteria but refused
the proposed drug during the pre-established period. They were followed for six months from the
start of the study.

The TGM-CGM administration consists of a subsequential intramuscular injection of 150 mg
Tixagevimab and 150 mg Cilgavimab. Patients were monitored for two hours in the healthcare setting
right after the administration, and they were contacted after the first 24 hours from the injection.

2.3. Endpoint of the study

The safety endpoint was the incidence of early and late adverse events.
Early adverse events were considered as allergic reaction, local erythema or hematoma in the
site injection, headache or asthenia. Late adverse events were evaluated after three and after six
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months from the administration and we inquired especially for the incidence of thromboembolic
events such as myocardial infarction, pulmonary embolism and deep vein thrombosis for any cause.

The efficacy endpoint was to assess the incidence of Covid-19 within three (T3) and six months
(T6) from the TGM-CGM administration. The incidence of Covid-19 in the EG was compared with
the incidence in the CG, followed for the same amount of time. Symptomatic patients underwent the
nasopharyngeal antigenic test, while the asymptomatic patients performed a serological test dosing
IgM anti SARS-COV2.

We assessed also severity of COVID-19, considering asymptomatic infection when no symptoms
nor worsening of the underlying rheumatic disease was reported. Oligosymptomatic infection was
defined by the presence of rhinitis, fever not higher than 37.5°C and time to swab negativization < 10
days in the absence of dyspnea, hospitalization or any limitation in the daily activities. Mild-moderate
infection was defined by fever >37.5°, dry cough, dyspnea, profuse asthenia, marked limitation in the
daily activities and time to nasopharyngeal swab negativization more than 10 days, in the absence of
need for hospitalization nor oxygen equipment. Severe infection was defined by the need for
hospitalization and/or oxygen equipment.

For each patient clinical data were collected as well as information about the vaccination cycle.
We also collected, when available, the dosage of anti-Receptor-Binding Domain (RBD) of SARS-CoV2
spike protein. We considered suboptimal response to vaccines when the anti-RBD IgG level was less
than 506 since some studies suggest 80% efficacy of vaccines when the titer is above this cut-off [33].

2.4. Statistical analysis

Statistical analysis was performed using software R 3.5.2 GUI 1.70 El Capitan build. Continuous
variables were represented by average and standard deviation, categorical variables were described
by percentage and frequency distribution. Comparison of clinical and demographical characteristics
between EG and CG was made by unpaired t test for continuous variables and Chi squared for
categorical variables. The incidence of Covid infection at T3 and at T6 was compared between EG and
CG by Fisher exact test. A logistic regression analysis was performed considering as outcome variable
the presence of Covid infection at T3 and at T6 and as predictors variables concerning disease’s and
patients’ characteristics. Significance level was fixed at 5%.

3. Results

Between September 2022 and December 2022, 50 patients were enrolled in the study. Of these,
25 accepted the administration of TGM-CGM, forming the experimental group; while the other 25
did not and they formed the control group.

Patients enrolled in the experimental group (F/M=24/1) had a mean age of 57.96 (+ 15.57) and a
mean disease duration of 6.56 (+ 6.12). Nine patients (36%) had IIM, 7 (28 %) SSc, 3 (12 %) SLE, 3 (12%)
had RA, 2 (8%) had SS, and 1 (4%) had MCTD.

Patients of the control group (F:M=24/1) had a mean age of 58.6 (+ 9.13) and a mean disease of
8.36 (+7.33) years. Three (12%) had IIM, 11 (44%) had SSc, 3 (12%) SLE, 2 (12 %) RA, 5 (20%) had SS
and 1 (4%) MCTD. Clinical data are represented in Table 1.

Table 1. Clinical data of the enrolled patients.

TGM-CGM GROUP CONTROL GROUP
Sex
Male (%) 1 (4%) 1 (4%)
Female (%) 24 (96 %) 24 (96%)
Age mean (+ SD) 57.96 (= 15.57) 58.6 (£9.13)
Disease duration mean (+ SD) 6.56 (£ 6.12) 8.36 (= 7.33)
Disease

IIM 9/25 (36%) 3/25 (12%)

doi:10.20944/preprints202312.0525.v1


https://doi.org/10.20944/preprints202312.0525.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 December 2023

doi:10.20944/preprints202312.0525.v1

4
SSc 7/25 (28%) 11/25 (44%)

SLE 3/25 (12%) 3/25 (12%)

RA 3/25 (12%) 2/25 (8%)

SS 2/25 (8%) 5/25 (20%)

MCTD 1/25 (4%) 1/25 (4%)

Comorbidities

Artﬁ;lail?yigeerﬁ‘;“"“ 10/25 (40%) 9/25 (36%)
Diagetei mellitus 6/25 (24%) 4/25 (16%)
BMI 25,30 2/25 (8%) 3/25 (12%)
ML 230 8/25 (32%) 8/25 (32%)
COPD 4/25 (16%) 3/25 (12%)

D 1/25 (4%) 2/25 (8%)
Active Smoker 7/25 (28%) 14/25 (56%)
B el 1/25 (4%) 3/25 (12%)

4/25 (16%) 2/25 (8%)

Concomitant therapies

Hydroxychloroquine 8/25 (32%) 5/25 (20%)
Methotrexate 5/25 (20%) 5/25 (20%)
Mycophenolate mofetil 1/25 (4%) 1/25 (4%)
IVIG 7/25 (28%) 3/25 (12%)
Prednisone < 5mg/day 4/25 (16%) 9/25 (36%)
Prednisone >5mg/day 4/25 (16%) 3/25 (12%)
Vaccination
No vaccine 0/25 (0%) 2/25 (8%)
2 doses 1/25 (4%) 8/25 (32%)
3 doses 16/25 (74%) 12/25 (48%)
4 doses 8/25 (32%) 3/25 (12%)
Rituximab, n° of cycles
<5 18/25 (%) 15/25 (%)
5-10 4/25 (16%) 8/25 (32%)
>10 3/25 (12%) 2/25 (%)

* Table 1: Anamnestic and clinical data of enrolled patients. IIM: Idiopathic Inflammatory
myophaty; SSc: Systemic Sclerosis; SLE: Systemic Lupus Erythematosus, RA: Rheumatoid Arthritis,
SS Sjogren Syndrome; MCTD: Mixed Connective Tissue Disease; BMI: Body Mass Index, COPD:
chronic obstructive pulmonary disease, ILD: Interstitial Lung Disease, IVIG: Intravenous
Immunoglobulin.

Three patients in the EG developed infection within three months from the received injection,
while other three were infected from three to six months after the injection. None of them required
hospitalization nor oxygen equipment. One was completely asymptomatic, 4 developed
oligosymptomatic infections and 1 had a mild-moderate infection with time to nasal swab
negativization of 12 days. All of them was vaccinated with at least two doses and the majority
received three doses. Mean time to nasal swab negativization was 6.83 days (+ 4.26). Two patients
were treated with nirmatrelvir while the other 4 required just symptomatic therapy with paracetamol.

In the CG, 8 patients contracted Covid-19 in the first three months of the observation, while one
was detected in the last three months. None of them required hospitalization nor oxygen
requirement. Five experienced a mild-moderate course of infection, with fever >38°, dry cough and
marked limitation in the daily activities whereas one had oligosymptomatic infection. Mean time to
swab negativization was 12.55 days (+ 3.94). Six patients required the use of nirmatrelvir while three
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just used symptomatic therapy with paracetamol. In the CG two patients were unvaccinated due to
contraindication, whereas the other 23 received at least 2 doses of vaccines.

For 21 patients, the dosage of anti-Receptor-Binding Domain (RBD) SARS-CoV2 spike protein
was available.

Two of them did not reach any antibody protection (anti-RBD IgG =0) at the end of vaccination
cycle, while 7 had a suboptimal protection with a titer <506 BAU/mL (33).

Concerning safety of TGM-CGM injection, only one patient reported headache and asthenia in
the first 24 hours from the injection, no other early events were registered. No serious adverse events
were recorded within six months, particularly we focused on myocardial infarction, pulmonary
embolism or deep vein thrombosis. None of the above conditions was observed. Results obtained
from our study are summarized in Table 2.

Table 2. Results obtained from the study.

TGM-CGM GROUP CONTROL GROUP p-value
Infection
<3mont 3/25 (12%) 8/25 (32%) 0.171
>3 months 3/25 (12%) 1/25 (4%) 0.609
Severity
Asymptomatic 1/6 0/9
Oligosymptomatic 5/6 4/9
Mild-moderate infectio 0/6 5/9
Severe infection 0/6 0/9
Time to swab negativization 6.83 £4.26 12.55+3.94
Use of antiviral 2/6 6/9
Early adverse Events
.In]e':ctlor‘l site pain 0/25
Injection site erythema 0/25
Injection site haematoma
. . 0/25
Diffuse skin rash 0/25
Anaphylactic reaction
Headache 0/25
Asthenia 1/25
1/25
Late adverse events 0/25 0/25
Myocardial infarction 0/25 0/25
Venous Thromboembolic events 0/25 0/25
Arterial thromboembolic event 0/25 0/25

Pulmonary embolism

* The table shows the incidence and the severity of SARS-CoV2 infection in the analyzed
populations, as well as early and late adverse events.

4. Discussion

To our knowledge, this is the first case-control study with the aim of assessing the effectiveness
and safety of TGM-CGM in a cohort of immunosuppressed rheumatic patients treated with BCTD.

Our study proved a downward trend in the incidence of symptomatic infection (20% in EG
versus 36% in the CG) and a reduction in disease severity. Indeed, just one (16%) of the infected
patients in the EG experienced mild-moderate infection, 4 (66 %) had oligosymptomatic Covid and 1
(16%) had completely asymptomatic infection versus 55%, 44% and 0% respectively in the CG.
Moreover, just two patients of the infected patients in the EG required additional treatment with
nirmatrelvir compared to the 6 in the control group.
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Contrarily to the PROVENT study that observed a sharp decrease in relative risk of 76.7%,
extended to 82.8 % at 6 months follow-up, our results did not reach statistical significance for different
reasons [22]. First, the PROVENT study enrolled a small percentage of immunosuppressed people
(just 5%), while our patients were affected by systemic autoimmune diseases requiring several cycles
of immunosuppression. Second, PROVENT study was conducted at the beginning of the pandemic
when the most frequent circulating virus variants were alpha, Beta and Delta [22]; whereas our study
was performed during the Omicron variant predominance [34]. Indeed, some studies proved that
CGM-CGM is less effective in neutralizing Omicron subvariants BA.1 and BA.2 [35-37].

Beyond the PROVENT study, we found several articles showing the efficacy of TGM-CGM in
decreasing the incidence of symptomatic Covid, hospitalization and ICU admission in
immunosuppressed patients diagnosed with B cells malignancy or solid organ transplantation
[23,24,38-44]. Anyway, still few data are available about real-world experience in rheumatologic
patients.

In March 2023, Ocon et al. performed a study involving 43 patients treated with rituximab and
affected by one of the following diseases: rheumatoid arthritis, ANCA vasculitis, immune-mediated
myositis, Sjogren syndrome or systemic lupus erythematosus. During the mean follow up of 100+33
days after the received TGM-CGM injection, just one individual contracted symptomatic SARS-CoV2
infection, while the other 97.8% did not. Although the follow-up lasted just three months, instead of
six months, as it is the estimated time of TGM-CGM protection.

Another study observed that among the 412 enrolled patients diagnosed with immune-mediated
inflammatory diseases (both rheumatological, immunological and neurological), just 12 contracted
the infection from January to May 2022. Overall, 11 had a mild course and just one required
hospitalization and oxygen equipment [45].

Conversely, a higher incidence of covid was reported in a study conducted on 21 patients
affected by ANCA-associated vasculitis on rituximab. Indeed, in this cohort of patients, 4 out of 21
experienced the symptomatic infection [46 ]. Despite the encouraging results for the pre-exposure
prophylaxis in fragile patients, all the aforementioned studies have the limitation of lacking a
comparator group.

A case-control study with a larger population has been performed involving patients with
neuroinflammatory diseases who received immunosuppression with CBDT (rituximab, ocrelizumab,
ofatumamb) or sphingosine-1-phosphate modulators (S1P). The rate of COVID-19 was significantly
lower in the 31 patients who received TGM-CGM, compared to the control group (6.5% vs 34.1%)
(26). Similarly to our results, all the breakthrough infection in the TGM-CGM group were mild,
whereas in the control group a higher amount of moderate infection was observed. Another study
analyzed the incidence of covid-19 before and after the prophylactic injection of TCG-CGM. The
Authors observed a slight reduction of symptomatic infection after TGM-CGM (7.9% vs 8.1%) with a
reduced need of hospitalization after the injection (5.9% vs 24.8%). However, data are scarcely
comparable since different variants of virus were spread during the course of the study. BA.l
variant was predominant during the pre- TGM-CGM treatment, while BA.5 was predominant in post
TGM-CGM treatment.

Concerning safety, some studies, including the PROVENT study, reported higher number of
serious thrombotic events (myocardial infarction, deep vein thrombosis or pulmonary embolism)
when compared with placebo group [22,47]. These events seemed to be more likely in patients with
increased cardiovascular risk.

Our data did not confirm the aforementioned warning, showing a great safety profile both in
early and late adverse events. Indeed, none of the EG experienced serious cardiovascular adverse
events and just one patient complained transient headache and fatigue the day after injection. Our
results were in line with those underlined by a real-world observational study in which the authors
compared 8627 people receiving TGM-CGM with 295347 controls without proving an increased risk
of cardiovascular major events in the 90 days after the injection [48]. Conversely this study
demonstrated a reduced risk in myocardial infarction after 30 and 90 days from the received injection.
Moreover, a lower 30% mortality rate was observed in the TGM-CGM group compared with placebo
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arm [49]. The two protective effects could be explained by the decrease of sars-cov2 infection and
severity.

In addition, we collected the dosage of the anti-RBD SARS-CoV2 spike protein that were
available in 21 patients. Interestingly, seven people out of 21 (33.3%) showed a suboptimal vaccine
response with a titer lower than 506 BAU/mL and just 2 people (9.5%) had the autoantibody titer
close to 0. The other 12 patients (57.2%) presented a great immunological response. This result was
unexpected since many studies in literature revealed that patients treated with Rituximab did not
develop neutralizing autoantibodies even after a complete vaccination cycle [50]. We speculated that
our patients developed a sufficient rate of anti-spike autoantibodies because vaccinations were
administrated at the end of the sixth month from the previous Rituximab infusion and at least two
weeks before the following dose. In effect, it is well known that humor response to vaccination is
dependent on timing of the received RTX infusion [51].

Our study presents some limitations that should be considered. First, being a monocentric study
involving patients with rare diseases, we obtained just a small sample size whose results did not
reach statistical significance. Moreover, TGM-CGM was designed when the alpha and Beta variants
were dominating, but we administered it during the Omicron variant that is notably less sensitive to
CGM-CGM. Last, the retrospective nature of our research impaired the homogenous collection of
data. However, despite there are limitations, our study has the strength of being the first case-control
real-life experience on rheumatic autoimmune diseases. Due to the descriptive nature of the study
and the very small sample for each single disease included, these observations need to be confirmed
in future real-world studies able to adjust observations for confounders.

5. Conclusions

Assessing the efficacy of pre-exposure prophylactic monoclonal autoantibodies for COVID-19 is
still challenging since it is difficult to distinguish its efficacy from that of vaccination and since virus
seems to vary very quickly. Anyway, TGM-CGM has been proved to be a safe additional tool to
prevent serious outcome in high risk population, especially in patients treated with BCTD.
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