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Findings: No toxicities were reported in 63.7%, 54%, and in 48.7% patients with cancer after
each dose. Mild-to-moderate pain at the injection site was the most commonly adverse event.
After the second dose, 46% of the 610 patients reported toxicity, with more systemic side-
effects observed. Fever was reported in 45% of patients, with a temperature > 38 °C in
21.4% of them. Of the 335 patients receiving a third vaccine dose, 51% reported toxicity, with
13% of patients reporting more than one effect. Logistic regression analysis reported mixed
results, with limited variables or categories reporting a significant odd ratio. The type of vac-
cine reported a significant value at first dose (OR = 0.12; CI 0.52, 0.26; p = 0.00). Thirty-four
cases of COVID-19 infection were reported with only one patient requiring a short-term hos-
pitalization for monitoring.

Interpretation: The safety profile of the mRNA vaccines does not raise any specific concerns
and support prioritization of vaccination for cancer patients.

© 2022 Published by Elsevier Ltd.

1. Introduction

About two year after its onset, the SARS-CoV-2
pandemic has recorded 326.286.532 cases and 5.536.789
deaths worldwide [1]. Among the worst-hit countries,
Italy developed its strategic plan for anti-SARS-CoV-2/
COVID-19 vaccination well in advance and identified
priority target groups for COVID-19 vaccines at different
stages of supply availability [2]. The risk of infection, se-
vere illness, and death due to COVID-19 are higher
among patients with cancer compared to the general
population [3—11]. In March 2021, the Italian govern-
ments and authorities at national and regional levels have
prioritized COVID-19 vaccinations for cancer patients.
Although vaccinations in cancer patients undergoing
active treatment may be less effective in preventing in-
fections, vaccination practice is generally able to
decreased duration and severity of the infection and
potentially to improve morbidity and mortality even in
potentially compromised patients [12,13]. Moreover, as
immunocompromised individuals might be a source of
prolonged viral shedding and could contribute to the
onset of virus variants, the vaccination of patients with
cancer is a key part of the public health management.
On this basis, and despite most of the registry trials of
COVID-19 vaccines excluded patients with active ma-
lignancies, or those receiving systemic anticancer ther-
apies, international and national oncology societies had
released recommendations in favor of COVID-19
vaccination, regardless of treatment type or underlying
cancer [14—16]. Furthermore, based on the few studies
that have specifically reported on vaccine safety out-
comes in patients with cancer receiving treatment, no
safety concerns have been reported so far [17—20].

In the context of the national vaccination campaign
targeting the so called extremely vulnerable, we aimed to
address the safety and efficacy of the mRNA vaccines in
a cohort of patients with solid tumors.

2. Methods
2.1. Participants and study design

According to the National Italian Cancer Vaccination
Strategy for the extremely vulnerable individuals, cancer
patients on systemic antitumor treatment, or whose
treatment has been completed in the last 6 months, or
having an active advanced disease, were considered
eligible for vaccination regardless of disease stage, per-
formance status, or life expectancy [2]. Between March
26 and April 04, 2021, vaccination was offered to pa-
tients followed at the Medical Oncology Unit in Flor-
ence at Santa Maria Annunziata, Serristori and Borgo
San Lorenzo Hospitals. Adherence to SARS-CoV-2
vaccine and reasons of refusal were collected. The
Pfizer and BioNTech BNT162b2 mRNA and the
Moderna mRNA-1273 vaccines were given as a two-
dose prime-boost regimen 21 days (for BNT162b2) or
28 days (for mRNA-1273) apart [4,21,22]. Patients who
were previously infected with SARS-CoV-2 were
excluded if the infection occurred in the 3 months
before. If the patient had been infected between 3 and 6
months before, only one full dose was administered.
On September 9, the Technical-Scientific Commission
of AIFA (Italian Medicines Agency) recommended that
individuals with certain immunocompromising condi-
tions who received a two-dose mRNA vaccine series
receive a third dose as part of the primary vaccine series
[23]. Starting on September 25, 2021 we offered a third
dose to patients on systemic antitumor treatment during
COVID-19 vaccination or whose treatment has
been completed in the last 6 months before vaccination.
Safety assessments were performed by phone call 7
days after each dose for collecting data regarding solicited
local and systemic adverse reactions. Solicited adverse
events recorded were pain at injection site, sore arm, local
erythema, fever, fatigue, headaches, chills, arthralgia,
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myalgia, diarrhoea, nausea, vomiting, flu-like symptoms,
and lymphadenopathy. Unsolicited adverse events were
collected within 28 days after each dose. Adverse events
were graded according to a standard toxicity grading scale
[24]. Electronic health records were accessed by the study
investigators to review demographic information, disease
history, treatment detail, and outcome events of partici-
pants patients’. Positive cases of SARS-CoV-2 infection
were extracted from the COVID-19 integrated surveil-
lance system of the National Institute of Health, on
March 10, 2022. The study was approved by the institu-
tional review board.

2.2. Statistical analysis

A logistic regression analysis predicting acute side ef-
fects after anti-COVID-19 vaccine (dependent variable;
0 = No side effects; 1 = Reported side-effects) was
performed. We included as independent variables: type
of cancer; no evidence of disease (NED) versus meta-
static cancer; being under treatment versus follow-up;
type of treatment; type of vaccine (the Moderna
mRNA-1273 and the Pfizer and BioNTech BNT162b2
mRNA). The logistic regression analysis was performed
for each dose (Ist dose; 2nd dose; 3rd dose) using a
simple contrast for categorical variable to explore odd
ratio (OR). Finally, a general linear model (GLM) with
repeated measures was performed to explore how doses
interact with significant predictors of linear regression
analysis over time. The continuous score of side effects
across the three doses was included as a unique factor
comprising the within-subjects variables (side effect at
Ist dose, 2nd dose, 3rd dose, respectively). A repeated
contrast was used for the entire variables included in the
model, using the first category as the reference one. In
order to explore the comparison between the 1st dose
and the 3rd dose a second GLM model was performed
applying a simple contrast. All the analyses were con-
ducted through SPSS version 25.

3. Results

The initial cohort included 911 patients, which were
contacted via phone by the Hospital’s care to schedule a
vaccination appointment. 187 (20%) patients were
already vaccinated belonging to other prioritized
groups, 47 (5%) patients refused vaccination, mostly due
to fear of side-effects, 48 (5%) patients could not be
reached, and 11 (1%) patients had developed the disease
less than 3 months before. The patients who refused
vaccination on the first contact were called a second
time after two weeks and 6 patient scheduled then a
vaccination appointment, with a total refusal rate of
4.5%. As shown in Table 1, the final cohort comprised
623 patients, 225 (36.1%) men and 398 (63.9%) women,
with a mean age of 66.41 and 71.43 years, respectively.

Table 1
Descriptives of the sample

Age (in years) mean + SD 65.95 £ 11.51
Gender n (in %)

Male 225 (36.1%)

Female 398 (63.9%)
Current condition n (in %)
Alive 580 (93.1%)
Deceased 43 (6.9%)
Group tumor n (in %)
Breast cancer 211 (33.9%)
Melanoma/skin cancer 111 (17.8%)
Gastrointestinal 94 (15.1%)
Genitourinary 69 (11.1%)
Gynecological 55 (8.8%)
Lung 43 (6.9%)
Other? 40 (6.4%)

Stage n (in %)

NED (no evidence of disease) 316 (50.7%)

Metastatic 307 (49.3%)
Ongoing therapy during vax period n (in %)
Yes 462 (74.2%)
No 161 (25.8%)
Type of treatment n (in %)
Chemotherapy 164 (35.5%)
Immunotherapy 82 (17.7%)
Hormone therapy 82 (17.7%)
Target therapy 76 (16.5%)
Chemotherapy - Target therapy 39 (8.4%)
Target - Hormone therapy 11 (2.4%)
Other treatment” 8 (1.8%)

Group treatment n (in %)

Chemotherapy 204 (32.7%)
Other 258 (41.4%)
Follow up 161 (25.9%)

# Other primary cancer diagnoses within our cohort: neuroendocrine
(n = 1), head and neck (n = 13), central nervous system (n = 17),
gastrointestinal stromal (n = 5), and peritoneal (n = 2) tumors, sar-
coma (n = 2).

® Other treatment within our cohort: bifosfonate (n = 6), chemio-
immune therapy (n = 1), immune-target therapy (n = 1).

The most frequent primary tumors were breast and
melanoma/skin cancer [211 (33.9%) and 111 (17.8%)],
respectively, followed by gastrointestinal [94 (15.1%)],
genitourinary [69 (11.1%)], gynecologic [55 (8.8%)] and
lung cancer [43 (6.9%)]. Treatment was ongoing in 462
patients (74.2%), whereas it was completed in the pre-
vious 3 months or 6 months for 20 (3.2%) and 45 (7.2%)
patients, respectively. Active treatment were about to
start in 26 (4.2%) patients. Treatment protocols con-
sisted of chemotherapy in 204 patients (44%), immu-
notherapy in 82 (17.7%) patients, target therapy in 87
(18.8%) patients and hormone therapy for metastatic
disease in 82 (17.7%) patients. Adjuvant hormone ther-
apy was carried out by 43 (52.4%) patients. Patients
treated with chemotherapy alone were 164 (80.4%),
while chemotherapy was added to a target agent or
immunotherapy in 39 (19.1%) and in 1 (0.5%) patients,
respectively. Target therapy was prescribed alone in 76
(87.3%) patients and with hormone therapy in 11
(12.7%) patients. Based on vaccine availability, between
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March 27 and April 10, 512 patients received the
Moderna mRNA-1273 vaccine, between April 16 and
27, 91 patients received the Pfizer BNT162b2 mRNA
vaccine, while the last 20 patients were vaccinated be-
tween May 1 and May 09, with the Moderna mRNA-
1273 vaccine in 15 and the Pfizer BNT162b2 mRNA
vaccine in 5 cases, respectively. Altogether we adminis-
tered 527 (84.6%) doses of Moderna mRNA-1273 vac-
cine and 96 (15.4%) doses of Pfizer BNT162b2 mRNA
vaccine.

As shown in Figs. 1 and 2, 226 (36.3%) of 623 pa-
tients with cancer reported toxicities following the first
dose of vaccines. The most common side-effects were
local, with 129 (57.1%) patients reporting mild-to-
moderate pain at the injection site within hours to
several days after the injection. Two patients reported
severe pain at the injection site and injection-site redness
and swelling, respectively. The most commonly reported
systemic side-effects included fatigue [34 (15.1%)],
headache [18 (8%)], muscle and joint pain [13 (5.8%)],
while 2.2% of the patients reported a fever event with
temperature > 38 °C.

Thirteen patients (2%) did not receive the second
vaccine dose: 7 patients because of previous SARS-
COV-2 infection, 3 patients died after the first dose due
to disease progression, 2 patients refused the second
dose due to fear of adverse events, and 1 patient con-
tracted SARS-CoV-2 infection after the first dose. After
the second dose, 281 (46%) of the 610 patients reported
toxicity, with more systemic side-effects observed. Pain
at the injection site was reported in 20 patients (7.1%),
whereas the most common systemic side effects were
muscle and joint pain [52 (18.5%)], headache [32
(11.4%)], fatigue [24 (8.5%)], and chills [18 (6.4%)]. A
fever event was reported in 126 (45%) patients, with a
temperature > 38 °C in 21.4% of them within the first
1—2 days after vaccination and resolved shortly there-
after. None of the reported side-effects required hospital
admission or any other special intervention.

Of the 335 patients receiving a third vaccine dose, 172
(51%) reported toxicity, with 22 (13%) patients reporting
more than one effect. Fever was reported in 95 (55%)
patients, with a temperature > 38 °C in 56% of them,
lasting more than 24 h in 66%. Pain at the injection site
was reported in 58 patients (34%).
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Fig. 1. Proportion of different side effects
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Note: We report the proportion (%) of different side effects in the whole sample (A), and in the sub-samples of those vaccinated with either
the Pfizer and BioNTech BNT162b2 mRNA (B) or the Moderna mRNA-1273 vaccines (C).
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Note: We report the proportion (%) of level of severity of side effects in the whole sample (A), and in the sub-samples of those vaccinated
with either the Pfizer and BioNTech BNT162b2 mRNA (B) or the Moderna mRNA-1273 vaccines (C).

Table 2
Side effects across doses

Table 2 (continued)

Effects after 1% shot n (%)
Yes
No

Type of effect after 15 shot n (%)

Pain injection site
Fatigue
Paresthesia
Myalgia

Fever <37.9
Headache

Fever >38
Shivers
Injection-site redness
Hives

Other

Severity of side effect after 1** shot mean + SD
No effect
Mild
Moderate
Severe
Effects after 2" shot n (in %)
Yes
No
Type of effect after 2°¢ shot n (in %)
Pain inoculation point
Fatigue
Myalgia

Fever <37.9 99 (35.2%)
Headache 32 (11.4%)
226 (36.3%) Fever >38 27 (9.6%)
397 (63.7%) Shivers 18 (6.4%)
Inoculation point redness 1 (0.4%)
129 (57.1%) Hives 1 (0.4%)
34 (15.1%) Other 7 (2.5%)
1 (0.4%) Severity of side effect after 2" shot mean =+ SD 0.90 + 0.75
13 (5.8%) No effect 329 (54%)
14 (6.2%) Mild 209 (34.2%)
18 (8%) Moderate 62 (10.2%)
5(2.2%) Severe 10 (1.6%)
1 (0.4%) Effects after 3™ shot n (in %)
1 (0.4%) Yes 172 (51.3%)
1 (0.4%) No 163 (48.7%)
9 (4%) Type of effect after 3" shot n (in %)
0.43 £ 0.63 Pain inoculation point 58 (33.7%)

397 (63.7%)
184 (29.5%)
40 (6.4%)

2 (0.3%)
281 (46%)
329 (54%)

20 (7.1%)
24 (8.5%)
52 (18.5%)

Fatigue 6 (3.5%)
Myalgia 20 (11.6%)
Fever <37.9 42 (24.4%)
Headache 6 (3.5%)
Fever >38 53 (30.8%)
Shivers 2 (1.2%)
Other 1 (0.6%)
Severity of side effect after 3™ shot mean + SD 0.63 + 0.94
No effect 163 (49%)
Mild 57 (17%)
Moderate 91 (27%)
Severe 24 (7%)
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Table 3

Summary of logistic regression analysis predicting acute side effects

Variable B SE OR 95% CI Wald statistic )4

First dose
Sex -0.99 0.29 0.37 [0.21, 0.65] 11.99 0.00
Alive/deceased - 0.46 0.42 0.63 [0.28, 1.44] 1.21 0.27
Breast cancer vs Melanoma/skin cancer 22.08 21971.91 3.865E + 9 [0.00,.] 0.00 0.99
Breast cancer vs Lung cancer 0.58 1.56 1.78 [0.08, 37.49] 0.14 0.71
Breast cancer vs Other 0.44 1.33 1.55 [0.11, 21.14] 0.11 0.74
NED/metastatic 0.55 0.24 1.72 [1.07, 2.78] 5.03 0.03
No/Yes -0.25 0.38 0.78 [0.37, 1.62] 0.44 0.51
Chemotherapy vs Follow-up -0.14 0.29 0.87 [0.49, 1.55] 0.22 0.64
Chemotherapy vs Other 0.56 0.41 1.75 [0.79, 3.89] 1.88 0.17
Type of vaccine 2.10 1.44 8.17 [3.70, 18.05] 27.03 0.00

Second dose
Sex - 0.02 0.25 0.98 [0.59, 1.61] 0.00 0.94
Alive/deceased 1.50 0.53 4.47 [1.59, 12.54] 8.08 0.00
Breast cancer vs Melanoma/skin cancer 18.44 11436.68 102091047 [0.00,.] 0.00 0.99
Breast cancer vs Lung cancer 17.13 11436.68 27570621.8 [0.00,.] 0.00 0.99
Breast cancer vs Other 17.85 11436.68 56432713.6 [0.00,.] 0.00 0.99
NED/metastatic -0.31 0.23 0.73 [0.47, 1.14] 1.91 0.17
No/Yes 0.07 0.36 1.07 [0.53, 2.17] 0.04 0.84
Chemotherapy vs Follow-up 0.11 0.28 1.11 [0.65, 1.91] 0.15 0.70
Chemotherapy vs Other 0.25 0.39 1.28 [0.60, 2.75] 0.40 0.53
Type of vaccine -0.25 0.25 0.78 [0.46, 1.28] 0.98 0.32

Third dose
Sex - 0.56 0.34 0.57 [0.30, 1.11] 2.72 0.10
Alive/Deceased 21.97 40192.73 3.477E + 9 [0.00,.] 0.00 1
Breast cancer vs Melanoma/skin cancer 44.75 49217.93 2.720E + 19 [0.00,.] 0.00 0.99
Breast cancer vs Lung cancer 22.73 28406.74 7.437E + 9 [0.00,.] 0.00 0.99
Breast cancer vs Other 22.48 28406.74 5.788E + 9 [0.00,.] 0.00 0.99
NED/metastatic 0.21 0.29 1.23 [0.69, 2.19] 0.50 0.48
No/Yes -1.25 0.99 0.29 [0.04, 2.01] 1.58 0.21
Chemotherapy vs Follow-up 0.22 0.37 1.24 [0.61, 2.54] 0.35 0.56
Chemotherapy vs Other 1.46 1.08 4.33 [0.52, 35.72] 1.85 0.17
Type of vaccine 0.65 0.40 1.91 [0.88, 4.16] 2.64 0.10

Note: * Simple contrast method with first category (breast cancer) as reference. ** Cancer Type: breast cancer, gastroenteric cancer, melanoma,
lung cancer, genitourinary cancer, gynecological cancer, skin cancer, prostatic cancer, glioblastoma, other type of cancer.

Descriptives of side effects across the three doses are
reported in Table 2. Logistic regression analysis reported
mixed results, with limited variables or categories
reporting a significant odd ratio as reported in Table 3.
The type of vaccine reported a significant value at first
dose (OR = 0.12; CI 0.52, 0.26; p = 0.00) but not at

Table 4

Summary of general linear model

second and third dose. Finally, we explored the interac-
tion over time between severity of side-effects and sex, age
(cut-off > 75), NED versus metastatic cancer, type of
cancer. We did not find a significant effect both between
and within subjects only for type of vaccine. The GLM
model reported in Table 4 do not suggest an interaction

Within-subjects contrasts

Source Doses Mean Square F Sig Partial eta Noncent. Observed
square parameter power
Doses Level 1 vs Level 2 13.73 17.63 0.00 0.05 17.63 0.99
Level 2 vs Level 3 7.55 5.36 0.21 0.02 5.36 0.64
Doses *Vaccine Level 1 vs Level 2 1.98 2.54 0.11 0.01 2.54 0.36
Level 2 vs Level 3 3.41 242 0.12 0.01 2.42 0.34
Between-subjects effects
Source Mean square F Sig Partial eta square Noncent. parameter Observed power
Intercept 52.84 198.06 0.00 0.38 198.06 1
Vax type 1.33 4.99 0.03 0.02 4.99 0.61

Note: We included in the model as within-subjects factor the three continuous scores of severity of side-effects across the three doses (doses), and as
between-subjects factor the type of vaccine (Moderna mRNA-1273 vs Pfizer BNT162b2 mRNA vaccine). Repeated contrast was used for all the

variables.
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over time, comparing Level 1 and 2, and Level 2 and 3. In
order to compare Level 1 and 3 we also performed a GLM
model using a simple contrast, but we did not find a sig-
nificant interaction within subjects. Through the elec-
tronic medical records review, we identified 1 case of
COVID-19 infection 23 days after the first Moderna
mRNA-1273 vaccine dose and 4 cases after a median of
2.5 months after the second Moderna mRNA-1273 vac-
cine dose. One case of COVID-19 infection was reported
2.8 months after the second Pfizer BNT162b2 mRNA
vaccine dose. Only one patient requires a short-term
hospitalization. During the fourth wave of COVID-19,
sustained by the very high transmission rate of the
B.1.1.529 (omicron) variant, 28 patients experienced
asymptomatic breakthrough infections, after a median
time of 3.5 months (range 0.5—4.7 months) from the third
vaccine dose (Moderna mRNA-1273 in 93% of the cases).

4. Conclusions

Our cohort study provides data on use of the SARS-
CoV-2 mRNA vaccines in patients with cancer in the
real-world setting. Despite the absence of evidence
regarding the immunogenicity and safety of the avail-
able vaccines, anti-SARS-CoV-2 vaccination was
offered to cancer patients in the Florence Medical
Oncology Unit as part of the National and Regional
Vaccination Campaign, as the expected benefits of
vaccination significantly and substantially outweigh the
potential risks.

One of the barriers to a successful vaccination pro-
gram is the public hesitancy to get vaccinated because of
the various misconceptions and apprehensions about
vaccine safety and efficacy. Di Noia V. et al. reported on
adherence to SARS-CoV-2 vaccine campaign in the
context of a large Italian Comprehensive Cancer Center
[25]. In this study 11.2% of the eligible patients refused
vaccination and the refusal rate even rose to 19.7% after
the suspension of the AstraZeneca vaccine was
announced, highlighting the “infodemic” effect, caused
by the media or social networks, on vaccine hesitancy
and resistance. A French survey performed before the
launch of the vaccination campaign had reported a
refusal rate of 16.6%; the main reasons were lack of
confidence in the scientific results, fear of side-effects
and believing COVID-19 to be benign [26]. Another
study, by Villarreal-Garza et al., reported an even higher
rate of refusal (34%) in a cohort of 540 women suffering
from breast cancer [27]. To generate awareness and to
provide correct, consistent and timely information the
Department of Oncology (Azienda USL Toscana Cen-
tro), focused on communication and information to
motivate cancer patients. We believe that this is the
reason for the low first dose-refusal rate of 4.5%.

Consistently with our hypothesis that correct informa-
tion is the key to greater adherence to the vaccination
campaign, a refusal rate of 20% was observed to the
proposal of the third dose.

Based on the studies published to date, that have
specifically reported on vaccine safety outcomes in pa-
tients with cancer receiving treatment, no safety con-
cerns have been reported so far. Our study confirm that
the mRNA vaccines are generally well tolerated in pa-
tients with cancer, even in those on immunotherapy who
might have been anticipated to make exaggerated, in-
flammatory immune responses. A short-term safety
report of the Pfizer BNT162b2 mRNA COVID-19
vaccine in 137 patients with cancer in Israel, treated
with immune checkpoint inhibitors, provides some
reassurance for their use in patients being treated with
immune checkpoint inhibitors since no vaccine-related
or immune checkpoint inhibitor-related severe adverse
events have been observed [17]. Similarly no safety
concerns emerged in our study. None of the variables
considered in the regression models seem to show a high
effect size in predicting side effects. The only variable
showing significant interactions over time is the type of
vaccine at first dose. This interaction does not persist
over time. We do observe an increase in systemic adverse
events and severity of adverse events across the three
doses, likely related to the expected immune response to
the vaccine. In a large prospective cohort study
including 816 patients with cancer, multivariate analysis
confirmed a statistically significant association between
the incidence of any adverse events after the second dose
and higher serologic response rate [28]. Patients with
cancer tend to be cautious and adherent to recom-
mended safety measures in their surrounding environ-
ment, such as social distancing and applying a facial
mask, which may affect the low infection rate observed
regardless of their vaccination effect. In our cohort we
observed only 6 cases of COVID-19 infection, and it
represented about the 1% of all the vaccinated patients.
Only 1 of these patients required a short-term hospi-
talization for monitoring. This suggests great effective-
ness and protection obtained with mRNA vaccines in
cancer patients, and the result is aligned with current
literature [29]. In a recent phase 3 randomized trial the
usefulness of the mRNA-1273 vaccine was pointed up
showing 94.1% efficacy at preventing COVID-19 dis-
ease, both asymptomatic and severe one [30].

At the time of writing, the fourth wave of COVID-19,
sustained by the very high transmission rate of the
B.1.1.529 (omicron) variant, is underway in Italy.
Twenty-eight patients, after a median time of 3.5 months
(range 0.5—4.7 months) from the third vaccine dose,
experienced asymptomatic breakthrough infections.
Despite the rapidly growing number of COVID-19 cases
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in our country, this preliminary observation suggests that
full vaccination should be recommended for cancer
patients.

The study we presented has some limitations. First,
our evaluation lacks of a control group of vaccinated
patients without a diagnosis of cancer and screened for
COVID-19 infection. Secondly, this study did not pro-
vide data regarding the antibody levels against the
SARS-CoV-2 spike protein. This additional information
may provide a more accurate indication about the effi-
cacy of protection [31]. Indeed, in a prospective, single-
center cohort study up to 6% of patients with solid tu-
mors undergoing cancer treatment, mainly with poorer
performance status, fail to obtain seroconversion after
primary SARS-CoV-2 mRNA vaccination as compared
with 0.2% of controls without cancer, accounting for a
30-fold higher probability [32]. After the third dose an
additional, although incomplete, efficacy of vaccination
in this population was reported, with an estimate of
35.7% of seroconversion probability [33]. On the other
hand, the presence of neutralizing antibodies does not
necessarily prove a mechanistic role in mediating pro-
tection, due to the possible action of other immune re-
sponses leading an apparent association.

The analysis we presented is further real world evi-
dence about tolerance and efficacy of the mRNA vaccines
in cancer patients. Our results can be put beside to others
similar published experiences about this topic. The sum of
all these efforts leads in one way: vaccination must be
strongly recommended in patients with cancer, as it is safe
and will reduce the risk or severity of COVID-19 illness.
Cancer patients, caregivers, healthcare professionals,
and more broadly, the general population should comply
with public health measures to better protect vulnerable
people from COVID-19 infection.
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