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Abstract

Previous studies on the immunogenicity of SARS-CoV-2 mRNA vaccines showed a
reduced seroconversion in cancer patients. The aim of our study is to evaluate the
immunogenicity of two doses of mRNA vaccines in solid cancer patients with or
without a previous exposure to the virus. This is a single-institution, prospective,
nonrandomized study. Patients in active treatment and a control cohort of healthy
people received two doses of BNT162b2 (Comirnaty, BioNTech/Pfizer, The
United States) or mMRNA-1273 (Spikevax, Moderna). Vaccine was administered before
starting anticancer therapy or on the first day of the treatment cycle. SARS-CoV-2
antibody levels against S1, RBD (to evaluate vaccine response) and N proteins
(to evaluate previous infection) were measured in plasma before the first dose and
30 days after the second one. From January to June 2021, 195 consecutive cancer
patients and 20 healthy controls were enrolled. Thirty-one cancer patients had a
previous exposure to SARS-CoV-2. Cancer patients previously exposed to the virus
had significantly higher median levels of anti-S1 and anti-RBD IgG, compared to
healthy controls (P = .0349) and to cancer patients without a previous infection
(P < .001). Vaccine type (anti-S1: P < .0001; anti-RBD: P = .0045), comorbidities
(anti-S1: P = .0274; anti-RBD: P = .0048) and the use of G-CSF (anti-S1: P = .0151)
negatively affected the antibody response. Conversely, previous exposure to
SARS-CoV-2 significantly enhanced the response to vaccination (anti-S1: P < .0001;

anti-RBD: P = .0026). Vaccine immunogenicity in cancer patients with a previous

Abbreviations: CDK 4/6, cyclin-dependent kinase 4/6; CT, chemotherapy; G-CSF, granulocyte-colony stimulating factor; HT, hormone therapy; MFI, median fluorescence intensity;
N, nucleocapsid; RBD, receptor-binding domain; S1, spike 1; TKI, tyrosine-kinase inhibitor.
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to vaccination.
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What's new?

1 | INTRODUCTION

On 11 March 2020 the World Health Organization (WHO) declared
the novel coronavirus disease 2019 (COVID-19) outbreak a global
pandemic.

Common to other coronaviruses,>® severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) internalization into host cells is
mediated by S glycoproteins projecting from the viral surface. The S1
subunit of S protein contains the receptor-binding domain (RBD)
sequence that specifically binds angiotensin-converting enzyme 2 (ACE-
2) on host cells to allow virus entry. First case of the SARS-CoV-2
infections in Italy was reported in February 2020. Since then, their num-
bers raised dramatically, causing almost 50% excess of deaths from any
causes in March 2020.° At the end of 2021, the COVID-19 pandemic
had caused almost 257 million infections worldwide, resulting in 5.1 mil-
lion deaths.® Individuals older than 65 years and with comorbidities had
higher risk of mortality and morbidity, such as severe illness, hospitaliza-
tion, intensive care admission or invasive ventilation. Several studies
have already demonstrated the increased wvulnerability of cancer
patients to COVID-19 because of greater infection rate and incidence
of complications compared to the healthy population.”® Cancer patients
on active antiblastic treatment had worse consequences of SARS-
CoV-2 infection,”° especially if they had received it shortly before
SARS-CoV-2 infection.”** Studies conducted in prevaccination era have
identified age, gender and comorbidities as the main risk factors of mor-
tality from COVID-19 disease in cancer patients.*?3

The Healthcare System has been rapidly readapted to face the
pandemic in order to protect especially frail patients, with significant
impact on daily routines and emotional well-being of both health care
professional, patients and their caregivers.2+1°

The COVID-19 mitigation measures, such as lock down, staying
at home, using facemasks, hand hygiene, physical distancing, the
increased ventilation of indoor spaces and restricting protocols for
hospital access had been applied but were not able to slow down the

spread of the infection.*®

exposure to SARS-CoV-2 seems comparable to that of healthy subjects. On the other

hand, clinical variables of immune frailty negatively affect humoral immune response

cancer patients, COVID-19, immunogenicity, mRNA, vaccines

Although mRNA-based vaccines that protect against infection with SARS-CoV2, the causative
virus of COVID-19, are highly immunogenic in healthy individuals, the extent to which they
provoke immune responses in cancer patients is less certain. Here, the immunogenicity of two
doses of either of two SARS-CoV2 mRNA vaccines was investigated in cancer patients with
solid tumors. Patients previously exposed to SARS-CoV2 exhibited strong immune responses to
vaccination, similar to responses in healthy controls. Responses were more muted among
patients with no prior SARS-CoV2 exposure. Antibody responses to vaccination also were

negatively impacted by comorbidities, use of G-CSF and vaccine type.

In that scenario, the protection by immunization was urgently
needed. In an unprecedented way, fast track approved mRNA-based
vaccines, BNT162b2 vaccine (Pfizer-BioNTech) and mRNA-1273
(Moderna), were introduced already 9 months after the declaration
of the pandemic and given first to healthcare professionals and
high-risk groups. BNT162b2 and mRNA-1273 vaccines contain
nucleoside-modified mRNA encoding the viral spike (S) glycoprotein
of SARS-CoV-2 and are injected under usual 2-dose regimen, given
3 or 4 weeks apart, respectively. Early studies reported high effec-
tiveness of both vaccines for the prevention of symptomatic
COVID-19, at 95% for BNT162b2 vaccine and 94% for mRNA-
1273.1516 These data were confirmed in subsequent real-world vac-

cination campaigns,ls'20

although the efficacy was reduced
24-week after the first two doses.?? Clinical trials on the efficacy
and safety of the COVID-19 vaccine however did not include vul-
nerable populations, as cancer patients. Studies conducted in
patients with solid tumor reported that immunogenicity of the
BNT162b2 vaccine significantly increased only after a vaccine boost
at day 21 after the first dose,?2 although with lower antibody serum

2324 which tend to wane more rapidly.?®

levels than healthy controls
Anticancer treatments or steroids in solid or hematologic malignan-
cies seemed to negatively affect the response to vaccination,?® with
lower median levels of the anti-spike 1gG up to 7 weeks after the
first dose.?”

Real-world studies are ongoing in order to answer many relevant
open questions about the number of vaccine doses needed and
their appropriate timing of administration during the course of cancer
treatment, the efficacy of anticancer therapies and the immuno-
genicity of the different SARS-CoV-2 vaccine according to the type
of malignancy. Other variables such as cancer site, use of steroids
or granulocyte-colony stimulating factor (G-CSF) and comorbidities
warrant ad-hoc investigations.

The aim of the present study is to evaluate the immune-
serological response after two doses of SARS-CoV-2 mRNA-vaccine
in cancer patients and in a cohort of healthy subjects.
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2 | MATERIALS AND METHODS

21 | Study design
This is a single institution, prospective, non-randomized study con-
ducted at the Luigi Sacco Hospital in Milan, Italy.

The primary objective of the study was to verify the capability of
two doses of mMRNA vaccine to induce immunological response in
patients with solid tumors. The secondary objective was to explore

the correlation between patient characteristics, disease type,

TABLE 1

Cancer patients

Demographic and clinical characteristics of cancer patients

anticancer treatment characteristics and the immunological response
to vaccine.

The antibody response was evaluated according to anti-S1 IgG
(Antibodies against S-subunit detectable in serum of vaccinated
patients) and anti-RBD IgG (Antibodies against RBD revealed
in patients vaccinated or exposed to SARS-CoV-2 virus) level. In
addition, anti-N IgG was evaluated to identify a previous SARS-CoV-2
infection.

We assessed SARS-CoV-2 exposure before the first dose
(TO) and 30 days after the second dose of vaccine (T1), by measuring

Without a previous SARS-CoV-2 infection With a previous SARS-CoV-2 infection el
N =165 N =230 N =195
Age at tumor diagnosis
Mean (SD) 59.1(11.4) 56.2 (13.8) 58.6(11.8)
Median (Q1-Q3) 60.9 (50.8-67.2) 57.9 (44.9-67.3) 60.4 (49.8-67.3)
Min-max 24.0-78.6 32.2-78.4 24.0-78.6
Tumor site
Breast 84 (50.9) 16 (53.3) 100 (51.3)
Gastroenteric 24 (14.5) 6(20.0) 0 (15.4)
Lung 20 (12.1) 4(13.3) 4(12.3)
Genitourinary 14 (8.5) 1(3.3) 5(7.7)
Gynecological 16 (9.7) 1(3.3) 7 (8.7)
Head and neck 2(1.2) 0(0.0) 2(1.0)
Other 5(3.0) 2(6.7) 7 (3.6)
Tumor stage®
Limited 57 (34.5) 5(16.7) 2 (31.8)
Advanced 106 (64.2) 25 (83.3) 131 (67.2)
>1 line of cancer treatment 113 (68.5) 22 (73.3) 135 (69.2)
Patients on treatment 137 (83.0) 29 (96.7) 166 (85.1)
Neoadjuvant 8(4.8) 0(0.0) 8(4.1)
Adjuvant 26 (15.8) 5(16.7) 1(15.9)
Metastatic 98 (59.4) 24 (80.0) 122 (62.6)
Maintenance 5(3.0) 0(0.0) 5(2.6
Patients out of treatment 28(17.0) 1(3.3) 9 (14.9)
Treatment schedule (n = 166)
1w 17 (12.4) 1(3.4) 18 (10.8)
2w 7(5.1) 1(3.4) 8(4.8)
3w 64 (46.7) 16 (55.2) 80 (48.2)
4w 15(10.9) 5(17.2) 20 (12.0)
Daily 34 (24.8) 6(20.7) 40 (24.1)
Comorbidity
No 71 (43.0) 15 (50.0) 86 (44.1)
=il 56 (33.9) 9 (30.0) 65 (33.3)
>1 38 (23.0) 6(20.0) 44 (22.6)
Steroids 76 (46.1) 12 (40.0) 88 (45.1)
G-CSF 14 (8.5) 1(3.3) 15(7.7)

Abbreviations: 1w, weekly; 2w, every 2 weeks; 3w, every 3 weeks; 4w, every 4 weeks; Q1-Q3, interquartile range.

?Not applicable for two patients.
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anti-N and anti-RBD antibody titers. The humoral immune response

to the vaccine was assessed by measuring anti-S1 and anti-RBD
antibody titers at TO and T1.

2.2 | Subjects and samples

One hundred ninety-five consecutive patients affected by solid malig-

nancies, both in active treatment and in follow-up, eligible for anti-

Cancer patients

COVID-19 vaccination, who attended the Department of Oncology,
were enrolled. A second cohort of healthy subjects >18 years,
identified among healthcare workers, undergoing anti-COVID-19 vac-
cine during the same time period was considered as a control group. All
enrolled subjects received two doses of BNT162b2 (Comirnaty, BioN-
Tech/Pfizer, The United States) or mRNA-1273 (Spikevax, Moderna)
vaccine, administered intramuscularly 21 (BNT162b2) and 28 (mRNA-
1273) days apart, before starting anticancer therapy or on the first day

of the treatment cycle. The type of vaccine was randomly assigned

TABLE 2 Vaccines and antibodies

measurement
Without a With a
Health previous previous
eba_ ty SARS-CoV-2 SARS-CoV-2
subjects infection infection Overall
N =20 N = 165 N =30 N =195
Age at vaccine first
dose
Mean (SD) 34.0 (12.6) 63.3(11.6) 60.1(12.4) 62.8(11.8)
Median (Q1-Q3) 28.5(25.0-42.0) 64.5(54.6-72.0) 61.4(48.9-71.2) 64.1(53.8-72.0)
Min-max 21.0-63.0 26.9-84.3 33.3-82.2 26.9-84.3
Female sex 11 (55.0) 116 (70.3) 22 (73.3) 138 (70.8)
Anti-SARS-CoV-2
vaccine®
mRNA-1273 0(0.0) 49 (29.9) 6(20.0) 55(28.4)
BNT162b2 20 (100.0) 115(70.1) 24 (80.0) 139 (71.6)
Missing 0 1 0 1
Timing of vaccine in relation to anticancer treatments administration (n = 166)
At first cycle - 21 (15.3) 1(3.4) 22 (13.3)
After first cycle — 116 (84.7) 28 (96.6) 144 (86.7)
I1gG anti-N1
Negative both at 20 (100.0) 165 (100.0) 0(0.0) 165 (84.6)
TOand T1
Negative at TO, 0(0.0) 0(0.0) 5(16.7) 5(2.6)
positive at T1
Positive at TO, 0(0.0) 0(0.0) 4(13.3) 4(2.1)
negative at T1
Positive both at TO 0(0.0) 0(0.0) 21 (70.0) 21 (10.8)
and T1
Subject groups
Group 1 0(0.0) 27 (16.4) 1(3.3) 28 (14.4)
Group 2 0(0.0) 54 (32.7) 11 (36.7) 65 (33.3)
Group 3 0(0.0) 54 (32.7) 15 (50.0) 69 (35.4)
Group 4 0(0.0) 21(12.7) 3(10.0) 24 (12.3)
Group 5 0(0.0) 9 (5.5) 0(0.0) 9 (4.6)
Healthy subjects 20 (100.0) — — —

Note: Group 1: patients in complete remission after surgery, untreated or pretreated with adjuvant
chemotherapy (CT) completed since at least 12 months. Adjuvant hormone therapy (HT) was allowed.
Group 2: patients in active treatment with CT. Group 3: patients treated with biological therapy
(immunotherapy, CDK4/6 inhibitors, TKI and monoclonal antibody). Group 4: patients in treatment with
a combination of CT and biological treatment. Group 5: patients receiving only HT in metastatic setting.
Abbreviations: Q1-Q3, interquartile range; TO, at first dose of the vaccine; T1, 30 days after second dose

of vaccine.
#Missing in one patient.
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according to the availability at the vaccination center. Venous blood
samples were drawn on K2-EDTA anticoagulant tubes before the first
dose (TO) and 30 days after the second one of the vaccines (T1).
Obtained plasma aliquots were stored at —20°C until use.

Patients were categorized into five groups, according to the set-
ting (neoadjuvant, adjuvant or metastatic) and to the type of treat-
ment. In details, the Group 1 includes patients in complete remission
after surgery, untreated or pretreated with adjuvant chemotherapy
(CT) completed since at least 12 months (adjuvant hormone therapy
[HT] was allowed). Patients in active treatment with CT or with bio-
logical therapy (immunotherapy, CDK4/6 inhibitors, TKI and monoclo-
nal antibody) were included in Group 2 and Group 3, respectively;
whereas patients in treatment with a combination of CT and biological
treatment were included in Group 4. Lastly, the Group 5 included
patients receiving only HT in metastatic setting.

Data on anticancer therapies, the use of steroids or G-CSF and
the presence of comorbidities (cardiovascular, metabolic, pneumologi-
cal and rheumatological) were collected.

2.3 | Serological parameters evaluation

1gG levels against S1, RBD and N proteins of SARS-CoV-2 were
simultaneously measured in human plasma samples using the Lumi-
nex XMAP SARS-CoV-2 Multi-Antigen IgG kit (Luminex Corp., Aus-
tin, Texas), a fluorescence bead-based multiplex assay that has
received FDA authorization under a EUA (US FDA 2020; Available
at: https://www.fda.gov/media/140257/download). Assay 96-well
plates were read on a MAGPIX automated plate reader and the
data were analyzed using xXMAP MULTI IgG CoV-2 Assay Software
(Luminex Corp., Austin, Texas). According to the lot number of the
kits used, manufacturer provided threshold values for N, S1 and

RBD which were set to 700 median fluorescence intensity (MFI)

30 000
25000
20 000
FIGURE 1 IgG anti-RBD and
anti-S1 of SARS-CoV-2 in plasma
of healthy vaccinated and cancer £ 15000
patients with or without a Q

previous SARS-CoV-2 infection.

MFI: median fluorescence 10 000
intensity. TO: before the first dose

of SARS-CoV-2 vaccine. T1:

30 days after the second dose of 5000
SARS-CoV-2 vaccine. Bars:

interquartile range Horizontal
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for all three antigens and 300 for the background. The antibody
levels were reported as qualitative (seroconversion defined as

titers 2700 MFI) and as an MFI value in three time points.

24 | Statistical analysis

The continuous variables were described using mean and SD, the median
with the first (Q1) and third (Q3) quartiles and minimum and maximum
values, whereas categorical variables were described using frequencies
and percentages. To compare the distributions of categorical variables,
the 42 test and the Fisher exact test, as appropriate, were performed.
The Wilcoxon test and the Kruskal-Wallis test, as appropriate, were
performed to compare the distributions of continuous variables. The
univariable and multivariable linear regression models were used
to investigate the prognostic and predictive role of demographic
and clinical factors on the anti-S1 IgG and anti-RBD IgG titers (expressed
on the logarithmic scale) in cancer patients. The results are provided as
the exponential of the estimate and of the confidence interval at 95%
(95% Cl). Moreover, subgroup analyses were performed according to the
previous SARS-CoV-2 infection and in case of a statistically significant
interaction (at 10% significance level) between a factor and the vaccine
type. Statistical significance was set at P < .05 for a bilateral test, unless
otherwise stated. The analysis was carried out using the SAS software
(Statistical Analysis System, SAS Institute, Version 9.4).

3 | RESULTS
3.1 | Characteristics of the studied subjects

From January to June 2021, 215 subjects who received COVID-19

vaccine were enrolled, including 195 consecutive cancer patients

.0006 <.0001

.0004

——

lines inside bars: median values. 0 livaas, - =
Vertical lines and dots: minimum Ab anti-$1,T0
and maximum values. Numbers Healthy subjects

above the bars: P value for the
interaction.

Ab anti-RBD,T0

Ab anti-S1,T1 Ab anti-RBD,T1

Cancer patients withouta previous SARS-CoV-2 infection
Cancer patients with a previous SARS-CoV-2 infection
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TABLE 3 Factors associated with 1gG anti-RBD and anti-S1 SARS-CoV-2 vaccine response in cancer patients (univariable linear regression
analysis)
Anti-S1 antibody response Anti-RBD antibody response
Exp Exp (estimate Exp Exp (estimate
Parameter (intercept) [95% ClI]) P-value (intercept) [95% ClI]) P-value
Cancer patients (vs healthy controls) 2604.04 0.48 [0.24-0.97] .0398 17 299.45 0.53 [0.30-0.93] 0271
Age at first dose (1 year increase) 3139.91 0.99 [0.97-1.00] 1257 11 875.47 1.00 [0.98-1.01] 5956
Female sex 1479.12 0.80[0.49-1.29] .3550 10 148.59 0.87[0.58-1.29] 4718
Active treatment 1307.71 0.96 [0.51-1.79] .8902 9714.84 0.93[0.56-1.56] .7928
Group 2 (vs 1) 1307.70 0.70 [0.35-1.39] .3024 9714.87 0.74 [0.42-1.30] .2970
Group 3 (vs 1) 1.22[0.61-2.40] .5736 1.10[0.63-1.92] .7438
Group 4 (vs 1) 1.42[0.61-3.30] 4190 1.24[0.62-2.49] .5406
Group 5 (vs 1) 0.53[0.17-1.70] .2855 0.67 [0.26-1.76] 4172
Post hoc contrasts
Group 2 (vs 3) 0.57 [0.34-0.97] .0386 0.68 [0.44-1.04] .0747
Group 2 (vs 4) 0.49 [0.24-1.02] .0561 0.60 [0.33-1.08] .0901
Group 3 (vs 4) 0.86 [0.42-1.77] 6767 0.88 [0.49-1.60] .6823
Group 2 (vs 5) 1.31[0.44-3.88] 6199 1.10 [0.45-2.68] .8329
Group 3 (vs 5) 2.29 [0.78-6.74] 1316 1.63 [0.67-3.96] .2788
Group 4 (vs 5) 2.67[0.81-8.77] .1055 1.84 [0.69-4.90] 2190
Steroids 1540.07 0.64 [0.41-0.99] .0462 10 707.93 0.71 [0.49-1.01] .0588
G-CSF 1374.55 0.32[0.14-0.72] .0062 9526.09 0.60[0.31-1.18] .1381
BNT162b2 vaccine (vs mRNA-1273) 2216.14 0.46 [0.28-0.74] .0015 13408.71 0.59 [0.40-0.87] .0085
One comorbidity (vs none) 1498.17 0.93[0.57-1.54] .7805  10910.82 0.96 [0.64-1.44] .8383
More than one comorbidity (vs none) 0.51 [0.29-0.90] .0209 0.49 [0.31-0.77] .0023
Presence of tumor® 960.37 1.48 [0.92-2.38] .1053 8275.88 1.16[0.78-1.71] 4584
Timing of vaccine in relation to anticancer 782.30 1.69 [0.81-3.49] .1583 8337.76 1.09 [0.61-1.95] 7703
treatments administration: after first cycle
(vs at first cycle)
Previous line of therapy 1239.22 1.02 [0.63-1.65] .9238 9014.86 1.02 [0.69-1.51] .9064
Previous SARS-CoV-2 infection 974.52 5.29 [3.01-9.30] <.0001 8230.73 2.01[1.23-3.27] .0055

Note: All the models, except the first, were performed including only cancer patients. Antibody titers were analyzed as on the logarithmic scale. Group 1:
patients in complete remission after surgery, untreated or pretreated with adjuvant chemotherapy (CT) completed since at least 12 months. Adjuvant
hormone therapy (HT) was allowed. Group 2: patients in active treatment with CT. Group 3: patients treated with biological therapy (immunotherapy,
CDK4/6 inhibitors, TKI and monoclonal antibody). Group 4: patients in treatment with a combination of CT and biological treatment. Group 5: patients

receiving only HT in metastatic setting. we used bold for the statistical significant p-value.

2Clinical or radiological evidence of disease.

and 20 healthy controls. Demographic and clinical characteristics
of cancer patients are presented in Table 1. Among 195 cancer
patients, 165 (84.6%) had never had an infection, 25 (12.8%) had
a previous exposure to SARS-CoV-2 and 5 (2.6%) contracted it
between TO and T1. The median age at first vaccine dose of cancer
patients was 64.1 years (Q1-Q3: 53.8-72.0) and 138 (70.8%) were
women. Most of cancer patients received BNT162b2 vaccine
(115 patients, 70.1% in nonexposed and 24 patients, 80% in
exposed to SARS-CoV-2). Among 166 cancer patients on cancer
treatment, the vaccine was injected when one or more cycle of
therapy had already been administered in the vast majority
(144 patients, 86.7%). All patients adhered to the schedule between

the two doses, except for one patient who was quarantined for
COVID-19. A tumor in advanced stage was observed in 131 patients
(67.2%) and the breast cancer was the predominant tumor
(100 patients, 51.3%). The majority of patients were receiving
traditional chemotherapy (65 patients,33.3%) or targeted therapy
alone (69 patients, 35.4%). In 45% of patients therapy was admini-
stered with a 3-week schedule. Only 44 cancer patients (22.6%)
had more than one specific comorbid condition. Steroids and
G-CSFs, at any dose and schedule, were administered to 88 (45.1%)
and 15 cancer patients (7.7%), respectively. The median age of
healthy volunteers was 28.5 years (Q1-Q3: 25.0-42.0), 11 (55.0%)
were females and all were vaccinated with BNT162b2 vaccine. The
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TABLE 4 Factors associated with 1gG anti-RBD and anti-S1 SARS-CoV-2 vaccine response in cancer patients (multivariable linear regression
analysis)
Anti-S1 antibody response (N = 194) Anti-RBD antibody response (N = 194)

Parameter Exp (estimate [95% ClI]) P-value Exp (estimate [95% Cl]) P-value
Intercept 2793.55 13 947.35
BNT162b2 vaccine (vs mRNA-1273) 0.39 [0.26-0.60] <.0001 0.57 [0.39-0.84] .0045
One comorbidity (vs none) 1.01 [0.65-1.58] 9517 1.03[0.70-1.53] .8786
More than one comorbidity (vs none) 0.57 [0.34-0.94] 0274 0.53 [0.34-0.82] .0048
Previous SARS-CoV-2 infection 5.41 [3.15-9.28] <.0001 2.08 [1.30-3.34] .0026
Steroids 0.67 [0.37-1.20] 1799
G-CSF 0.38 [0.18-0.83] .0151

Group 2 (vs 1) 0.93[0.43-2.05] 8614

Group 3 (vs 1) 0.91 [0.50-1.67] 7685

Group 4 (vs 1) 1.59 [0.66-3.83] 2968

Group 5 (vs 1) 0.83[0.30-2.35] 7309
Post hoc contrasts

Group 2 (vs 3) 1.02 [0.54-1.93] 9490

Group 2 (vs 4) 0.59 [0.31-1.12] .1048

Group 3 (vs 4) 0.57 [0.27-1.22] 1475

Group 2 (vs 5) 1.12 [0.40-3.09] .8295

Group 3 (vs 5) 1.09 [0.42-2.87] .8535

Group 4 (vs 5) 1.91 [0.64-5.70] .2455

Note: Antibody titers were analyzed as on the logarithmic scale. Multivariable models include variables statistically significant at univariable analysis. The
area in gray indicates variables included in the model for anti-S1 and not in the model for anti-RBD. Group 1: patients in complete remission after surgery,
untreated or pretreated with adjuvant chemotherapy (CT) completed since at least 12 months. Adjuvant hormone therapy (HT) was allowed. Group 2:
patients in active treatment with CT. Group 3: patients treated with biological therapy (immunotherapy, CDK4/6 inhibitors, TKI and monoclonal antibody).
Group 4: patients in treatment with a combination of CT and biological treatment. Group 5: patients receiving only HT in metastatic setting. we used bold

for the statistical significant p-value.

demographic and clinical characteristics of cancer patients divided
into groups defined according to the setting and the treatment type

are presented in Table S1.

3.2 | Vaccine-induced humoral immune response:
anti-RBD and anti-S1 SARS-COV-2 IgG levels
and seroconversion rate

Vaccines and antibodies measurement are described in Table 2. The
seroconversion rate (defined as titers >700 MFI) of cancer patients
with previous exposure to SARS-CoV-2 (93.3%) was similar to the
healthy individuals (95.0%, P = 1.000), as expected. The rate of
seroconversion in patients without previous SARS-CoV-2 infection
(66.7%) was significantly lower than that observed in healthy controls
(P =.0085) and in patients with a previous SARS-CoV-2 infection
(P =.0020). The vaccines and antibodies measurement in the
different groups defined according to the setting and the treatment
type are presented in Table S2.

MFI values for anti-RBD and anti-S1 IgG levels in the three groups
are described in Figure 1. Cancer patients without previous exposure

to the virus compared to healthy control group had statistically

lower median levels of both anti-S1 (1322.0, Q1-Q3: 473.0-2733.0 vs
2590.0, Q1-Q3: 1731.8-4253.0, P = .0013) and anti-RBD IgG plasma
levels (12 541.5, Q1-Q3: 6597.0-18 176.0 vs 18088.8, Q1-Q3:
15 661.3-20 097.5, P = .0006).

In contrast, cancer patients previously exposed to the virus
had statistically significantly higher median levels of both anti-S1
(8279.8, Q1-Q3: 4288.0-11 936.0) and anti-RBD IgG (20 732.5,
Q1-Q3: 18 123.5-22 194.0), compared to healthy controls (anti-S1:
P =.0004; anti-RBD: P =.0349) and to cancer patients without
previous exposure to SARS-CoV-2 (both P <.0001). The comparison
in terms of MFI values for anti-RBD and anti-S1 IgG levels among the
groups defined according to the setting and the treatment type are

presented in Table S3.

3.3 | Factors associated with IgG anti-RBD
and anti-S1 SARS-CoV-2 vaccine response in cancer
patients

Univariable and multivariable analyses of the factors potentially
affecting the anti-RBD and anti-S1 IgG levels in cancer patients are

presented in Tables 3 and 4, respectively.
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No statistically associations were found between the levels of
both antibodies and age, gender, timing of vaccination and use of
steroids. Moreover, no statistically differences were found in terms of
antibody levels between patients according to the group defined in
the method section based on the antiblastic treatment (chemotherapy,
targeted therapy, hormonal therapy or their combination) and the
line of treatment administered.

At the univariable analysis, lower anti-S1 and anti-RBD IgG levels
at T1 were detected for patients with more than one comorbidity
compared to patients without any comorbidity and in patients
who received BNT162b2 vaccine, whereas a previous exposure to
SARS-CoV-2 significantly correlated to a higher antibody response.
Moreover, statistically significant lower anti-S1 1gG levels were found
for patients treated with chemotherapy compared to those treated
with target therapy and for patients assuming steroids or G-CSF.

The multivariable analysis confirmed the negative correlation
between anti-SARS-CoV-2 IgG levels and comorbidities
(anti-S1: P =.0274; anti-RBD: P = .0048) and BNT162b2 vaccine
(anti-S1: P < .0001; anti-RBD: P = .0045). The previous exposure to
SARS-CoV-2 correlated with higher levels of both antigen specific
IgGs (anti-S1: P < .0001; anti-RBD: P = .0026).

Lastly, patients assuming G-CSF had statistically significant lower
levels of anti-S1 IgG (P = .0151). The results of the subgroup analyses
on the anti-S1 IgG levels at T1 according to the G-CSF assumption
and to the previous exposure to the SARS-CoV-2 virus are reported in
Tables S4 and S5, respectively. A quantitative interaction between
vaccine type and G-CSF was observed (P-value = .0652), identifying
a worse impact of BNT162b2 vaccine on anti-S1 IgG level in patients
receiving G-CSF, even if this association was not statistically
significant due to the low number of patients. The subgroup analysis
according to previous SARS-CoV-2 infection, confirmed a negative
impact of BNT162b2 vaccine on anti-S1 1gG level compared to
mRNA-1273, although the statistically significance was reached only
in the group without previous infection.

The results of the subgroup analyses on the anti-RBD IgG levels
at T1 according to the steroids assumption and to the previous expo-
sure to the SARS-CoV-2 are reported in Tables S6 and S7, respec-
tively. An interaction between vaccine type and steroids was
observed (P-value = .0865): a statistically significant negative impact
of BNT162b2 vaccine on anti-RBD IgG level was detected only in
patients receiving steroids.

In the subgroups of patients with and without a previous SARS-
CoV-2 infection a similar impact of the type of vaccine was observed,
with a higher immunogenicity of mRNA-1273 vaccine.

4 | DISCUSSION

Vaccination against SARS-CoV-2 is the most effective large-scale
measure for the prevention of severe forms of COVID-19 in the

28-30 35 well as in vulnerable people, including

general population,
cancer patients.3! To date, the identification of predictors of

vaccination response is warranted, because of the diffusion of new

variants of SARS-CoV-2 and the high risk of COVID-19 complications
in cancer patients.>? Besides, the identification of nonresponders
is crucial since other treatments, as monoclonal antibodies, are
emerging. Tumor and treatment-related factors are implicated in the
reduced vaccine immunogenicity.2227:31:33

In contrast to previous reports, we simultaneously tested
blood samples for three SARS-CoV-2 antibodies by a multiplex
assay. In order to avoid the collection of false positives, common
with the clinical assessment, measurement of IgG anti-N was used to
identify a previous SARS-CoV-2 exposure. Moreover, the measure-
ment of vaccination induced IgG, specific to S1 and RBD antigens of
SARS-CoV-2, has increased the reliability of the immunogenicity
assessment.

Our study confirmed a significantly lower antibody response to
the COVID-19 mRNA-based vaccination in cancer patients at 30 days
after the second dose; besides we found three major factors that
significantly affected the humoral immune response in cancer patients.

First, the vaccination with mRNA-1273 has elicited a higher
antibody response in cancer patients compared to BNT162b2. A
possible explanation could be found in the higher mRNA content
and in the longer administration interval between the two doses of
mMRNA-1273, compared to BNT162b2; however further studies on
this issue are ongoing. Cancer patients are known to have a compro-
mised immunity and this may implicate weaker responses to a lower
amount of the immunogen. This result needs to be interpreted with
caution for a number of different reasons. First of all, our study was
not designed to compare the efficacy of the two vaccines. Moreover,
the two groups of cancer patients were not balanced in number
and characteristics, and no randomization was performed. However,
similar to our results, other studies in general population, oncologic
and multiple sclerosis patients reported a higher antibody response
to mRNA-1273 vaccine compared to BNT162b2.3437

Second, in our study, the presence of multiple comorbidities was
another significant negative predictor of vaccine response. Indeed
comorbidities (such as chronic obstructive pulmonary disease, chronic
kidney disease, cardiovascular disease, diabetes and obesity) are well
known negative prognostic factors for COVID-19 outcome®® and are
associated to a less effective immune response to vaccination.®? Thus,
health policies have paid particular attention to these categories and
prioritized vaccine administration in national campaigns. A limit of our
study was the lack of data collection about type and seriousness of
chronic diseases useful to stratify frail patients. Third, in our cohort of
cancer patients 31 subjects were exposed to SARS-CoV-2 before or
during the time between first and second dose of vaccine. To date,
few published studies report data regarding serological response in
previously infected cancer patients, a subset that could be highly
informative of the immune system of this vulnerable population. We
showed that previous exposure to the virus significantly enhanced the
response rate and the levels of the IgG against S1 and RBD antigens
30 days after the second dose of the vaccine. The effect of a previous
exposure to the virus overwhelms the negative influence of any other
condition, except for the use of G-CSF. Currently, there is a weak

knowledge of the immunological mechanism underlying vaccination
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response in previously infected individuals, the so called “hybrid
immunity.”40 For this reason, similar studies are needed to dissect the
underlying biological mechanisms. These considerations can be of
special interest in light of the developments and preparations of new
COVID-19 vaccines.

A further observation is that the use of G-CSF had significantly
reduced the amount of anti-S1 1gG response. Probably, the plausible
reason of this lack of response may be attributed to the iatrogenic
myelotoxicity and the related immunocompromised status of patients
receiving specific regimens and G-CSF acts as a surrogate marker of
such conditions. Nevertheless, in our study, the myelotoxic potential
of different antiblastic treatments was not recorded, and the active
treatments did not negatively affect the seroconversion in the final
analysis. Notably, the use of G-CSF should not be avoided in cancer
patients during vaccination period.

We found only a trend towards a negative effect of the use of
steroids. In our data collection, we did not stratify for the doses and
type of steroids used. In addition, we did not exclude steroids admin-
istered as ancillary drug in chemotherapy regimens. Previous studies
have frequently reported a negative effect of steroids but our study
could not confirm nor invalidate these observations.

Several studies showed that solid tumor patients who were vacci-
nated while undergoing chemotherapy had decreased neutralizing
capacity after two doses of COVID-19 vaccine.**

It should be noted that authors divided treatments with
heterogenous methodology, frequently forming small groups.
Furthermore, no information was provided about dose, number of
cycles and myelotoxic effect of the treatments. By contrast our study,
like others, did not evidence antiblastic treatment, specifically chemo-
therapy, as a risk factor of reduced neutralizing antibodies response
after the primary course of COVID-19 vaccine.*?

Our study is probably underpowered to establish the impact of
anticancer therapy on vaccine immunogenicity. Further studies are
investigating the role of additional booster vaccination (third and
fourth dose) in improving antibody response and vaccine efficacy in
cancer patients on active treatment.

This trial has a strength point on the timing of administration of
the vaccines, not previously reported. All patients received vaccina-
tion before starting anticancer therapy or on the first day of the
treatment cycle, in order to maintain a homogeneous response to
antigen stimulation. The univariable and multivariable regression
analysis did not show any impact on vaccine immune response of
the active antiblastic therapy. The type of treatment and to be vacci-
nated during the active treatment or after the first cycle of therapy
did not influence this result. Thus, the timing of vaccination could
have mitigated the influence of treatment on the immune system of
the patients.

To note, about 70% of enrolled patients were females: these data
reflect the main expertise of our center, especially involved in the
treatment of female malignancy (breast and gynecological cancer). On
the other hand, this imbalance in the study population must be taken
into consideration in evaluating immunogenicity because of the

potential role of sex in COVID-19 vaccine efficacy.*®
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Our study has some limitations. Vaccine response was measured
only at 30 days after the second dose. The assessment of response
duration was not an objective of the study and this could affect the
results in terms of an immunogenicity overestimation, as antibody
titers could significantly decrease over time.** On the other hand, cur-
rently, third and fourth doses of mRNA-based vaccine are highly
recommended for cancer patients. These additional boosters might
elicit a further immunization, thus conferring adequate protection
against SARS-CoV-2. Finally, further immunological mechanisms dif-
ferent from humoral immunity could also determine the protection
against SARS-CoV-2 infection. In addition, in our study, the low
number of subjects in the control group has not allowed to match
them with cancer patients for age, sex and type of vaccine used.
Nevertheless, the results are consistent with the literature data
regarding seroconversion in the general population.”-18

Our study enriches the current knowledge regarding the immuno-
genicity of BNT162b2 and mRNA-1273 in patients with cancer with
or without a previous exposure to the virus, exploring it in the early
period after the second dose. Vaccine immunogenicity in cancer
patients with a previous exposure to SARS-CoV-2 seems comparable
to the healthy controls. Patients receiving highly myelotoxic treat-
ments or comorbid need particular attention and specific counseling
for their vaccination timing and vaccine selection.

To date, no reliable correlation is found between serum conver-
sion and clinical efficacy of vaccination.** At present, there is no rec-
ommendation about routine assessment of serum antibodies, as a tool
in selection of less proficient immune system patients (eg, HIV posi-
tive, hematologic malignancy, immunosuppressive therapies) in order
to identify who could benefit from prophylactic medication.*> Further
studies are needed to unravel the biology of “hybrid immunity”
against SARS-CoV-2 and to explore the best timing of vaccine
administration.
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