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Antineoplastic treatment class modulates COVID-19 mRNA-BNT162b2
vaccine immunogenicity in cancer patients: a secondary analysis of the
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Background: Preliminary analysis from the Vax-On study did not find a correlation between cancer treatment type and
antibody response to COVID-19 vaccination. We carried out a secondary subgroup analysis to verify the effects of
comprehensive cancer treatment classification on vaccine immunogenicity.
Methods: The Vax-On study prospectively enrolled patients who started a two-dose messenger RNA-BNT162b2 vaccine
schedule from 9 March 2021 to 12 April 2021 (timepoint-1). Those on active treatment within the previous 28 days
accounted for the exposed cases. Patients who had discontinued such treatment by at least 28 days or received
intravesical therapy represented the control cases. Quantification of immunoglobulin G (IgG) antibodies against the
receptor binding domain of the S1 subunit of the SARS-CoV-2 spike protein was carried out before the second dose
(timepoint-2) and 8 weeks thereafter (timepoint-3). Seroconversion response was defined at �50 arbitrary units/ml
IgG titer. Classification of antineoplastic agents was based on their pharmacodynamic properties.
Results: Three hundred and sixty-six patients were enrolled (86 and 260 as control and exposed cases, respectively).
Univariate analysis revealed a significantly lower IgG titer after both doses of vaccine in subgroups treated with
tyrosine kinase inhibitors (TKIs), multiple cytotoxic agents, alkylating agents, and topoisomerase inhibitors. At
timepoint-3, seroconversion response was significantly impaired in the topoisomerase inhibitors and mechanistic
target of rapamycin (mTOR) inhibitors subgroups. After multivariate testing, treatment with alkylating agents and
TKIs was significantly associated with a reduced change in IgG titer at timepoint-2. Treatment with mTOR inhibitors
resulted in a similar interaction at each timepoint. Cyclin-dependent kinase 4/6 inhibitor treatment was
independently correlated with an incremental variation in IgG titer at timepoint-3. Specific subgroups (TKIs,
antimetabolites, alkylating agents, and multiple-agent chemotherapy) predicted lack of seroconversion at timepoint-
2, but their effect was not retained at timepoint-3. Eastern Cooperative Oncology Group performance status 2,
immunosuppressive corticosteroid dosing, and granulocyte colony-stimulating factor use were independently linked
to lower IgG titer after either dose of vaccine.
Conclusions: Drugs interfering with DNA synthesis, multiple-agent cytotoxic chemotherapy, TKIs, mTOR and cyclin-
dependent kinase 4/6 inhibitors differentially modulate humoral response to messenger RNA-BNT162b2 vaccine.
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INTRODUCTION

The rapid and pandemic spread of COVID-19, caused by the
novel SARS-CoV-2, has comprehensively affected the man-
agement of cancer patients worldwide.1 The incidence of
COVID-19 among patients with an active diagnosis of ma-
lignancy and those receiving immunocompromising cancer
therapies is thought to be higher than in the general pop-
ulation.2,3 Following a diagnosis of COVID-19, advanced
disease status and immunosuppressive cancer treatment
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resulted in an increased risk of major complications and
death.4,5 Recent data revealed an alarming prevalence of
severe disease and mortality rates among COVID-19 pa-
tients with cancer of 34% and 20%, respectively. The same
ratios were even higher in European patients.6

Phase III trials of SARS-CoV-2 messenger RNA (mRNA)-
BNT162b2 (tozinameran)7 and mRNA-1273 (elasomeran)8

vaccines showed a favorable safety profile and high effi-
cacy, conferring 94%-95% protection against COVID-19 in
recipients aged 16 years or older. These data granted
emergency use authorization by regulatory agencies and
leading medical oncology societies recommended patients
with active cancer or recent or planned cancer treatment to
be prioritized for COVID-19 vaccination. On this basis, na-
tional oncology facilities were commissioned to provide a
COVID-19 mRNA vaccine to all cancer patients undergoing
immunosuppressive drug treatment or within 6 months
after such treatment.

The Vax-On study was carried out at our institution as
part of introducing tozinameran vaccination in actively
treated cancer patients. Our preliminary findings confirmed
a favorable safety profile and suggested that proximity to
cancer treatment might hamper the immune response to
the first dose of vaccine. The second dose induced an
exponential rise in antibody titer, overcoming the detri-
mental effect of treatment on the immune response.
Although several studies have found a correlation between
generic cytotoxic chemotherapy and a lower level of anti-
body response, our multivariate analysis did not support
this finding.9 Herein, we provide the results of a preplanned
analysis of the Vax-On study, which aimed to assess the
impact of antineoplastic agents on tozinameran immuno-
genicity using a comprehensive classification of their phar-
macodynamic properties.10

METHODS

Study design and subjects

The Vax-On study is a single-center, prospective observa-
tional study approved by the referring Ethics Committee
(Protocol number: 595/CE Lazio 1, 28 April 2021; clinical
trial identifier: EudraCT Number 2021-002611-54). Eligibility
requirements were: age �18 years, histological diagnosis of
solid tumor, ongoing active cancer treatment or its
completion within the previous 6 months, and initiation of
the two-dose tozinameran vaccine program. Exclusion
criteria comprised life expectancy <12 weeks, active
concomitant hematological malignancy, documented
COVID-19 infection at any time before enrollment, direct
contact with a COVID-19-positive person, or symptoms
strongly suspicious for COVID-19 infection within 14 days
before enrollment. According to the international guide-
lines, a negative SARS-CoV-2 real-time RT-PCR swab or
serologic test was not required for either vaccination or
inclusion in the study. Adherence to vaccination was
voluntary and carried out after the acquisition of institu-
tional informed consent. All eligible participants gave a
specific written informed consent for study proposal and
2 https://doi.org/10.1016/j.esmoop.2021.100350
procedures, but participation was not a prerequisite for
receiving the COVID-19 vaccination. The procedures used in
this study adhere to the tenets of the 1964 Declaration of
Helsinki and its subsequent amendments.

Endpoints and assessments

The primary endpoints were dynamic changes in serum titer
of immunoglobulin class G (IgG) antibodies against the re-
ceptor binding domain (RBD) of the S1 subunit of the SARS-
CoV-2 spike protein (S1) and seroconversion rates after each
vaccine dose. The participants were vaccinated with two 30
mg doses of tozinameran given intramuscularly 21 days
apart. The first injection (timepoint-1) was given at least 24
h before the anticancer treatment. The second vaccine
administration took place exactly 21 days later (timepoint-
2) with no delays or changes to the planned treatment
regimen. According to our preplanned analysis, patients
who received at least one course of active anticancer
treatment within the 28 days before enrollment accounted
for subgroups of exposed cases. Antimicrotubule agents,
topoisomerase inhibitors, antimetabolites, and alkylating
agents were the subgroups of cytotoxic chemotherapy. In
the case of combination regimens, the agent with the
highest immunosuppressive potential defined the sub-
group. An additional comparison subgroup consisted of
patients who received a combination of at least two cyto-
toxic drugs. Hormonal therapy, immune checkpoint in-
hibitors, poly (ADP-ribose) polymerase inhibitors, tyrosine
kinase inhibitors (TKIs), monoclonal antibodies, cyclin-
dependent kinase 4/6 (CDK4/6) inhibitors, and mecha-
nistic target of rapamycin (mTOR) inhibitors were the
biological therapy subgroups. Those who discontinued such
treatment at least 28 days before enrollment or who
received nonsystemic (i.e. intravesical) therapy made up the
control subgroup. The study cut-off date for interim analysis
was 30 June 2021.

Serological test

Blood draws were collected using standard tubes and
separated by immediate centrifugation. Serum specimens
were analyzed at each drawing time using chemilumines-
cent microparticle immunoassay technology. The SARS-CoV-
2 IgG II Quant assay on ARCHITECT i2000sr automated
platform (Abbott Laboratories, Diagnostics Division, Sligo,
Ireland) was used for quantitative detection of anti-RBD S1
IgG antibodies in human serum or plasma as per the
manufacturer’s instructions.11,12 Test results are reported as
arbitrary units (AU)/ml with a cut-off �50 AU/ml consid-
ered positive.

Statistical analysis

The subgroups were compared using Pearson’s chi-square
test for categorical data and ManneWhitney U test for
continuous variables. The Wilcoxon rank-sum test for
continuous variables and the McNemar test for categorical
variables were applied for paired comparisons within the
same subgroup. A multivariate analysis was carried out by
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fitting a generalized linear model on logarithmic (log) IgG
titer and seroconversion response as a function of pre-
defined independent covariates. These included the sub-
groups defined by specific anticancer treatment as
described in the preceding text and factors that showed a
significant interaction with immunogenicity parameters
from previous multivariate assessment [sex, age, Eastern
Cooperative Oncology Group performance status (ECOG PS),
treatment setting, corticosteroid therapy (�10 mg daily
prednisone equivalents for at least 7 days during previous
28 days), and granulocyte colony-stimulating factor (G-CSF)
therapy (administration of G-CSF during previous 28 days)].
All tests carried out were two-sided and a P value <0.05
was considered significant. SPSS software (IBM SPSS Sta-
tistics for Windows, Version 23.0; IBM Corp., Armonk, NY)
was used for all statistical evaluations.
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RESULTS

Patient characteristics

A total of 366 consecutive patients were enrolled from 9
March 2021 through 12 April 2021. As part of the exposed
case subgroup, 280 patients received active anticancer
treatment, while the remaining 86 cases comprised the
control subgroup. Serologic testing for IgG titer was carried
out in 357 (98%) and 336 (92%) patients at timepoint-2
and timepoint-3, respectively. Reasons for missing assess-
ment at each timepoint are shown in the patients’ flow
diagram (Supplementary Figure S1, available at https://
doi.org/10.1016/j.esmoop.2021.100350). Of note, two
patients (0.5%) were diagnosed with COVID-19 infection
after the first dose, whereas no cases were reported after
the second dose. As expected, there was a higher fre-
quency of clinical features considered adversely prognostic
in the exposed cohort. Treatment settings widespread in
the control cohort, such as adjuvant or neoadjuvant
chemotherapy, might explain this imbalance. Baseline
characteristics of patients enrolled are presented in
Supplementary Table S1, available at https://doi.org/
10.1016/j.esmoop.2021.100350. A list of the drugs used
in the study according to pharmacodynamic properties is
provided in Supplementary Table S2, available at https://
doi.org/10.1016/j.esmoop.2021.100350.
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Univariate analysis of immunogenicity

We first compared the variation in IgG titer and serocon-
version rate between treatment subgroups and controls at
each timepoint. Except for those treated with anti-
microtubule agents, all cytotoxic chemotherapy subgroups
had significantly lower median IgG titers and seroconver-
sion rates at timepoint-2 (Table 1, Figure 1A). Patients
receiving multiple cytotoxic agents, alkylating agents, and
topoisomerase inhibitors also had lower IgG titers at
timepoint-3 (Table 1, Figure 1B), but the seroconversion
response was uniquely impaired in the last subgroup
(Table 1). Patients treated with TKIs were significantly
impaired in both vaccine efficacy parameters at timepoint-
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Figure 1. Cytotoxic therapies and antibody responses after either dose of messenger RNA-BNT162b2 vaccine.
(A) Comparison of distributions and medians of logarithmic IgG titer between treatment subgroups and control at timepoint-2. (B) Comparison of distributions and
medians of logarithmic IgG titer between treatment subgroups and control at timepoint-3.
Bars represent median values with 95% confidence interval.
AU, arbitrary units; IgG, immunoglobulin G; RBD S1, receptor binding domain of the S1 subunit of the SARS-CoV-2 spike protein.
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2 (Table 1, Figure 2A), whereas those treated with mTOR
inhibitors had the same outcomes at timepoint-3 (Table 1,
Figure 2B). Paired comparisons of timepoints-2 and -3
within the same subgroup revealed a significant increase in
median IgG titer and seroconversion response in all patient
subgroups except those treated with mTOR inhibitors
(Table 1).
Multivariate analysis of immunogenicity

According to multivariate analysis, treatment with alkylating
agents and TKIs significantly reduced variations in IgG titer
4 https://doi.org/10.1016/j.esmoop.2021.100350
after the first dose of vaccine, but only treatment with
mTOR inhibitors resulted in a similar interaction after both
doses. CDK4/6 treatment, however, was independently
associated with an incremental variation in IgG titer after
the second dose of vaccine. Male sex, older age, ECOG PS2,
immunosuppressive corticosteroid dosing, and G-CSF use
were all found to be independently associated with a
decrease in IgG titer change after the first or second vaccine
dose (Table 2). There was a significant relationship between
specific treatment subgroups (antimetabolites, alkylating
agents, multiple cytotoxic agent regimens, and TKIs) and
lack of seroconversion after the first dose of vaccine, but
Volume 7 - Issue 1 - 2022
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Figure 2. Biological therapies and antibody responses after either dose of mRNA-BNT162b2 vaccine.
(A) Comparison of distributions and medians of logarithmic IgG titer between treatment subgroups and control at timepoint-2. (B) Comparison of distributions and
medians of logarithmic IgG titer between treatment subgroups and control at timepoint-3.
Bars represent median values with 95% confidence interval.
AU, arbitrary units; CDK, cyclin-dependent kinase; IgG, immunoglobulin G; mTOR, mechanistic target of rapamycin; PARP, poly (ADP-ribose) polymerase; RBD-S1, re-
ceptor binding domain of the S1 subunit of the SARS-CoV-2 spike protein; TKIs, tyrosine kinase inhibitors.
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this correlation did not hold at the second dose evaluation.
The same analysis confirmed that some clinical features had
a negative predictive value for seroconversion response
after the first dose, but only advanced line treatment of
metastatic disease was associated with a lack of serocon-
version after the second dose (Table 3).

DISCUSSION

The Vax-On trial is one of the most extensive studies on the
safety and immunogenicity of any COVID-19 vaccine in
Volume 7 - Issue 1 - 2022
patients with solid cancer who are receiving active treat-
ment. Our preliminary findings showed that patients on
treatment had a significantly lower anti-RBD S1 IgG titer
and seroconversion rate after the first dose when compared
with those who had been off for at least 28 days. These
findings suggested that the timing of cancer treatment,
rather than the diagnosis of cancer, could impair immune
response to the first dose of vaccine. The seroconversion
rate of 52% after the first dose was quite similar to that
reported in previous studies.13-16 The second dose of
https://doi.org/10.1016/j.esmoop.2021.100350 5
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Table 2. Multivariate analysis of anti-RBD S1 logarithmic IgG titer

Variables First dose of vaccine Second dose of vaccine

Beta (95% CI) P value Beta (95% CI) P value

Sex
Male versus female �0.69 (�0.17 to 0.03) 0.18 �0.07 (�0.14 to �0.002) 0.045

Age (years)
>55 versus �55 �0.14 (�0.26 to �0.02) 0.017 �0.06 (�0.14 to 0.02) 0.45

ECOG PS
0a d d d d
1 �0.04 (�0.15 to 0.06) 0.43 �0.01 (�0.09 to 0.06) 0.69
2 �0.32 (�0.50 to �0.13) 0.001 �0.23 (�0.38 to �0.09) 0.001

Treatment setting
Adjuvant/neoadjuvanta d d d d
Metastatic first line 0.001 (�0.11 to 0.11) 0.98 �0.14 (�0.09 to 0.06) 0.49
Metastatic second or higher line 0.005 (�0.13 to 0.14) 0.94 �0.34 (�0.13 to 0.06) 0.11

Corticosteroid therapy
yes versus no �0.14 (�0.29 to �0.007) 0.04 �0.11 (�0.21 to �0.02) 0.016

G-CSF therapy
yes versus no �0.28 (�0.49 to �0.08) 0.007 �0.11 (�0.21 to 0.02) 0.11

Cytotoxic therapy subgroup
Controla d d d d
Antimicrotubule agents �0.02 (�0.22 to 0.18) 0.85 0.01 (�0.13 to 0.15) 0.85
Topoisomerase inhibitors �0.07 (�0.32 to 0.18) 0.58 �0.15 (�0.34 to 0.03) 0.11
Antimetabolites �0.13 (�0.30 to 0.03) 0.12 �0.01 (�0.13 to 0.10) 0.77
Alkylating agents �0.16 (�0.32 to �0.002) 0.047 �0.07 (�0.18 to 0.03) 0.20
Multiple agents �0.15 (�0.31 to 0.003) 0.054 �0.09 (�0.20 to 0.01) 0.09

Biological therapy subgroup
Controla d d d d
Hormonal therapy �0.11 (�0.35 to 0.13) 0.37 0.37 (�0.13 to 0.87) 0.15
Immune checkpoint inhibitors �0.10 (�0.28 to 0.08) 0.27 0.02 (�0.35 to 0.39) 0.91
PARP inhibitors �0.10 (�0.48 to 0.27) 0.57 0.19 (�0.58 to 0.96) 0.62
TKIs �0.21 (�0.41 to �0.01) 0.039 �0.01 (�0.41 to 0.37) 0.92
Monoclonal antibodies �0.005 (�0.19 to 0.18) 0.96 0.20 (�0.17 to 0.57) 0.28
CDK4/6 inhibitors 0.04 (�0.17 to 0.26) 0.67 0.47 (0.04 to 0.90) 0.03
mTOR inhibitors �0.55 (�1.03 to �0.06) 0.027 �0.9 (�1.76 to �0.04) 0.039

AU, arbitrary unit; CDK, cyclin-dependent kinase; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; G-CSF, granulocyte colony-
stimulating factor; IgG, immunoglobulin G; mTOR, mechanistic target of rapamycin; PARP, poly (ADP-ribose) polymerase; RBD S1, receptor binding domain of the S1 subunit
of the SARS-CoV-2 spike protein; TKIs (tyrosine kinase inhibitors).
a Reference category.
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vaccine resulted in a 15-fold increase in median IgG titer in
the control group and an even higher increase in the
exposed group. This variation increased the rate of sero-
conversion in both cohorts by up to 90% or more, over-
coming the negative effect of treatment on immune
response. The 91% seroconversion rate within the exposed
cohort was broadly consistent with the same figure re-
ported in similar studies.14-21 Although univariate analyses
of most previous studies have described cytotoxic chemo-
therapy13,15,16,18-20 or its combination with biologic agents17

as having a negative effect on antibody response, our
testing did not confirm this interaction.We initially used the
same generic classification of active cancer treatment as the
other studies to ensure a reliable comparison. As for cyto-
toxic chemotherapy and targeted therapies, however, this
classification is oversimplified because it ignores the
different immunosuppressive potentials of each drug class
on humoral response.22,23 It is noteworthy that active
cancer therapy modulates the immune response to influ-
enza vaccines depending on the type of treatment.24 This
secondary analysis was carried out to overcome this
generalization by evaluating the immunogenicity of the
tozinameran vaccine in relation to a comprehensive classi-
fication of anticancer agents. Cytotoxic agents that directly
6 https://doi.org/10.1016/j.esmoop.2021.100350
(alkylating) or indirectly (topoisomerase inhibitors and an-
timetabolites) damage DNA molecules, combination
chemotherapy, and TKIs have been linked to significantly
lower antibody and seroconversion responses after priming,
according to univariate testing. Despite the fact that
multivariate analysis confirmed their negative impact on
seroconversion, only alkylating agents and TKIs were inde-
pendently correlated with a lower IgG titer after the first
vaccine dose. While such an interaction has been described
for TKIs in the treatment of patients with hematologic
malignancies,25 it has never been documented for alkylating
agents. The second dose resulted in a significant increase in
IgG titers in all subgroups, although the seroconversion rate
(71%) for patients receiving topoisomerase inhibitors was
inadequate. This finding is being reported for the first time,
though it may be indirectly consistent with preclinical
models that have already shown a negative interaction
between topoisomerase-1 inhibition and the immune
response caused by SARS-CoV-2 infection.26 The results of
our multivariate analysis provide new insights into two as-
pects. Treatment with mTOR inhibitors was the only one
that was independently linked to a reduction in IgG titer
after both doses of the vaccine. The very small size of the
latter subgroup may reflect a falsely positive outcome. This
Volume 7 - Issue 1 - 2022
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Table 3. Multivariate analysis of seroconversion response at cut-off of 50 AU/ml

Variables First dose of vaccine Second dose of vaccine

Beta (95% CI) P value Beta (95% CI) P value

Sex
Male versus female �0.39 (�0.90 to 0.11) 0.90 �0.11 (�0.95 to 0.73) 0.79

Age (years)
>55 versus �55 �0.58 (�1.20 to 0.02) 0.059 �0.03 (�1.03 to 0.97) 0.95

ECOG PS
0a d d d d
1 �0.31 (�0.85 to 0.22) 0.24 0.18 (�0.78 to 1.15) 0.70
2 �1.62 (�2.65 to �0.60) 0.002 �1.32 (�2.68 to 0.02) 0.054

Treatment setting
Adjuvant/neoadjuvanta d d d d
Metastatic first line 0.04 (�0.55 to 0.63) 0.89 �0.47 (�1.56 to 0.60) 0.38
Metastatic second or higher line �0.20 (�0.92 to 0.50) 0.56 �1.27 (�2.45 to �0.09) 0.034

Corticosteroid therapy
yes versus no �0.53 (�1.22 to 0.15) 0.13 �0.47 (�1.48 to 0.53) 0.35

G-CSF therapy
yes versus no �1.28 (�2.37 to �0.20) 0.02 �1.21 (�2.62 to 0.19) 0.09

Cytotoxic therapy subgroup
Controla d d d d
Antimicrotubule agents �0.57 (�1.61 to 0.47) 0.28 0.71 (�1.05 to 2.48) 0.42
Topoisomerase inhibitors �0.87 (�2.22 to 0.47) 0.20 �0.28 (�2.02 to 1.45) 0.75
Antimetabolites �1.13 (�1.98 to �0.29) 0.008 0.82 (�0.70 to 2.36) 0.29
Alkylating agents �0.80 (�1.60 to �0.002) 0.049 0.46 (�0.88 to 1.81) 0.50
Multiple agents �0.99 (�1.79 to �0.20) 0.014 0.27 (�1.00 to 1.55) 0.67

Biologic therapy subgroup
Controla d d d d
Hormonal therapy �0.32 (�1.56 to 0.91) 0.60 0.30 (�1.97 to 2.58) 0.79
Immune checkpoint inhibitors �0.46 (�1.42 to 0.49) 0.34 1.37 (�0.84 to 3.58) 0.22
PARP inhibitors �1.22 (�2.99 to 0.54) 0.17 20.53 (NA) 1.00
TKIs �1.23 (�2.24 to �0.23) 0.015 0.13 (�1.42 to 1.70) 0.86
Monoclonal antibodies �0.39 (�0.73 to 1.53) 0.49 0.46 (�1.26 to 2.18) 0.60
CDK4/6 inhibitors �0.17 (�1.33 to 0.97) 0.76 20.80 (NA) 0.99
mTOR inhibitors �2.31 (�4.78 to 0.14) 0.065 �1.71 (�3.99 to 0.55) 0.13

AU, Arbitrary Unit; CDK, cyclin-dependent kinase; CI, Confidence Interval; ECOG PS, Eastern Cooperative Oncology Group Performance Status; G-CSF, granulocyte colony-
stimulating factor; mTOR, mechanistic target of rapamycin; NA, not applicable; PARP, poly (ADP-ribose) polymerase; TKIs, tyrosine kinase inhibitors.
a Reference category.
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interaction, although intuitive because of the strong
immunosuppressive properties of the drug class, has never
been described before and cannot be reliably confirmed.
CDK4/6 inhibitors, however, were even associated with an
incremental change in IgG titer when compared with the
control. The latter finding receives mixed confirmation in
subgroup analyses of small samples from similar
studies.18,27 Our data would also shed light on the immune
response impairment caused by supportive cancer thera-
pies and specific clinical settings, especially after the second
dose. While immunosuppressive corticosteroid dosage has
been shown to have a negative effect on vaccine immu-
nogenicity,28 a similar negative interaction with G-CSF
therapy has not been previously described. Similarly, the
reduced immunogenicity of the tozinameran vaccine in
cancer patients with unfavorable clinical conditions, such as
ECOG PS2, is reported for the first time.

There are several limitations to this subgroup analysis of
the Vax-On study that must be acknowledged. First, the
sample size was not based on statistical hypothesis testing.
Due to health emergency, we adopted an ‘all-comers’ design,
which did not allow for adequate subgroup stratification of
enrolled patients. As a result, the study may have been prone
Volume 7 - Issue 1 - 2022
to selection bias. For the same reasons, we are aware that
false-positive results from multivariable statistical compari-
sons may be amplified and must be regarded as exploratory.
Second, because the study design did not require a negative
serologic titer or a negative SARS-CoV-2 real-time RT-PCR
swab test at baseline, we cannot rule out the possibility
that previous viral exposure induced a high-level serocon-
version response. Because the study was conducted during a
period of compelling social constraints, however, we believe
that any unrecognized COVID-19 infections had a negligible
impact. Third, a significant proportion of patients (8%) did not
receive serologic testing following the second dose. This rate
of drop-out is expected in clinical trials involving a large
number of cancer patients with advanced disease. Finally,
similar to previous studies, the current study assumed anti-
RBD S1 IgG titer as a correlate of neutralizing antibodies
against SARS-CoV-2, as well as seroconversion as a surrogate
for protection against COVID-19 disease. Although suggested
by clinical evidence, the first correlation has yet to be
established.29 Similarly, the level of anti-RBD S1 antibody titer
that provides adequate protection against COVID-19 infection
is still debatable, and accurate surrogates in the clinical
setting are lacking.30
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Conclusion

Collectively, our findings suggest a complex interaction be-
tween the pharmacodynamic properties of antineoplastic
agents and the immunogenicity of tozinameran vaccine.
Drugs interfering with DNA synthesis, multiple-agent
chemotherapy, TKIs, and mTOR inhibitors hamper the hu-
moral response. This detrimental effect appears to be more
pronounced after the first dose of the vaccine, which is
consistent with our previous results. These findings are re-
ported for the first time and are presumed to be more
comprehensive than the negative predictive value of
generic chemotherapy described in other studies. Because
of the lack of reliable comparisons and the minimal size of
some subgroups, our results should be considered explor-
atory and warrant further testing in larger series to be
valuable in prioritizing high-risk patients for the third dose
of vaccine.
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