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Abstract
Introduction: Cancer patients are frail individuals, thus the prevention of 
SARS- CoV- 2 infection is essential. To date, vaccination is the most effective tool 
to prevent COVID- 19. In a previous study, we evaluated the immunogenicity of 
two doses of mRNA- based vaccines (BNT162b2 or mRNA- 1273) in solid cancer 
patients. We found that seroconversion rate in cancer patients without a previ-
ous exposure to SARS- CoV- 2 was lower than in healthy controls (66.7% vs. 95%, 
p = 0.0020). The present study aimed to evaluate the clinical efficacy of the vac-
cination in the same population.
Methods: This is a single- institution, prospective observational study. Data were 
collected through a predefined questionnaire through phone call in the period 
between the second and third vaccine dose. The primary objective was to describe 
the clinical efficacy of the vaccination, defined as the percentage of vaccinated 
subjects who did not develop symptomatic COVID- 19 within 6 months after the 
second dose. The secondary objective was to describe the clinical features of pa-
tients who developed COVID- 19.
Results: From January to June 2021, 195 cancer patients were enrolled. 
Considering that 7 (3.59%) patients tested positive for SARS- CoV- 2 and 5 de-
veloped symptomatic disease, the clinical efficacy of the vaccination was 97.4%. 
COVID- 19 disease in most patients was mild and managed at home; only one 
hospitalization was recorded and no patient required hospitalization in the in-
tensive care unit.
Discussion: Our study suggests that increasing vaccination coverage, including 
booster doses, could improve the prevention of infection, hospitalization, serious 
illness, and death in the frail population of cancer patients.
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1  |  INTRODUCTION

On March 11, 2020, the World Health Organization (WHO), 
after assessing the severity and global spread of SARS- 
CoV- 2 infection, declared the status of global pandemic.1,2

Since then, there have been more than 600,000,000 cases 
of coronavirus disease- 2019 (COVID- 19) and 6,500,000 
deaths worldwide, of which 178,000 occurred in Italy.3

To date, patients with cancer have showed an increase 
of SARS- CoV- 2 infection rate (95% confidence interval 
[CI]: 8%– 9%) with a twofold increased risk of adverse out-
come (odds ratio [OR] for mortality 2.23, 95% CI: 1.82– 
2.94; intensive care unit [ICU] admission 2.39, 95% CI: 
1.90– 3.02) and severity of COVID- 19 (OR for hospitaliza-
tion or severity of symptoms 2.08) compared to the gen-
eral population.4– 8

In the early days of the COVID- 19 pandemic, the 
National Health Systems imposed a suspension of nonur-
gent medical services worldwide. Many studies reported a 
downscaling of cancer treatment with an increased risk of 
impaired efficacy. In addition, the delay in cancer diagno-
sis and treatment could have jeopardized patient progno-
sis and long- term population outcomes.9– 12

Many medical oncologists tried to protect patients 
from nosocomial contagion, through the reorganization of 
hospital spaces and the application of all prevention and 
mitigation procedures (triage at the entrance, the use of 
individual protection devices, social distancing measures, 
etc.). Anyway, the real “ace up the sleeve” in the fight 
against SARS- CoV- 2 was the vaccine.13

In this dramatic scenario, the real change of course took 
place thanks to the launch of a global mass immunization 
strategy with anti- SARS- CoV- 2 vaccines. Since December 
2020, Pfizer/BioNTech, AstraZeneca, and Moderna were 
among the first companies to develop anti- COVID- 19 vac-
cines that were approved by the International Regulatory 
Agencies.

From January 2021, the most important international 
oncology societies advocated for the high priority of vac-
cination in cancer patients, in order to attenuate the harm-
ful consequences of the pandemic. Several studies in very 
heterogeneous populations of cancer patients evaluated 
the immunogenicity of one or two doses of COVID- 19 vac-
cine.14,15 In a previous study,16 we measured the antibody 
response to two doses of mRNA vaccines in solid cancer 
patients on active treatment. The seroconversion rate in 
patients with previous exposure to SARS- CoV- 2 was com-
parable to that of healthy subjects (respectively 93.3% and 
95%), but significantly lower in patients without previous 
infection (93.3% vs. 66.7%, p = 0.0020). Moreover, antibody 
response to vaccination negatively correlated with clinical 
variables of immune frailty, such as comorbidities, use of 
granulocyte- colony stimulating factor (G- CSF) and vaccine 

type. Besides, poor data are available in cancer population 
regarding the clinical efficacy of the vaccines, which is a 
parameter of protection from symptomatic disease.17

The aim of the present study was to evaluate the clinical 
efficacy after two doses of mRNA- based anti- SARS- CoV- 2 
vaccines in the population enrolled in the aforementioned 
study.16

2  |  MATERIALS AND METHODS

This is a single- institution, prospective observational 
study conducted from January to December 2021 at Luigi 
Sacco Hospital in Milan.

We enrolled consecutive patients affected by solid ma-
lignancies, both in active treatment and in follow- up, who 
received two doses of anti- COVID- 19 vaccine (BNT162b2 
[Comirnaty, BioNTech/Pfizer] or mRNA- 1273 [Spikevax, 
Moderna] vaccine).

In the period between the second and third dose, pa-
tients were contacted through a phone call and were in-
vestigated with a predefined questionnaire in order to 
collect information regarding the clinical efficacy of vac-
cination. Demographic information, preexisting medical 
conditions, signs and symptoms, and clinical outcomes of 
a possible SARS- CoV- 2 infection were recorded.

The collected data were:

1. Previous infection, demonstrated by nasopharyn-
geal swab testing for SARS- CoV- 2 through reverse 
transcription- polymerase chain reaction (PCR) or an-
tigenic testing;

2. COVID- 19 symptoms: fever ≥37.5°C, cough, rhinor-
rhea, sore throat, arthralgia/myalgia, gastrointestinal 
symptoms, and dysgeusia/dysosmia;

3. Severity of the disease: asymptomatic, symptomatic 
managed at home, hospitalization, and admission in 
ICU;

4. Therapies: non- steroidal anti- inflammatory drugs 
(NSAIDs)/paracetamol, antibiotics, hydroxychloro-
quine, low molecular weight heparin (LMWH), mono-
clonal antibodies, antiviral drugs, no treatment;

5. Duration of COVID- 19 disease was defined as days from 
positive to negative SARS- CoV- 2 test; it was stratified 
in the following three groups: 1– 10 days, 11– 30 days, or 
>30 days;

6. Delayed anticancer treatment equal or greater than 
7 days;

7. Supposed source of infection: family/friends, public 
spaces, or hospital.

The primary objective was to describe the clinical ef-
ficacy of vaccine, defined as the percentage of vaccinated 
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subjects who did not develop symptomatic COVID- 19 
within 6 months after the second dose. The secondary ob-
jective was to describe the clinical features of the patients 
who developed COVID- 19, in particular: possible sources 
of infection, symptoms, severity and duration of disease, 
treatment administered, delay in the administration of on-
cological therapy.

The study protocol was conducted according to the 
principles of the Declaration of Helsinki. All the partici-
pants signed written informed consent before any study 
procedure.

3  |  RESULTS

One- hundred ninety- five cancer patients who had re-
ceived two doses of anti- SARS- CoV- 2 mRNA- based 
vaccine were enrolled. The median age was 64.1 years 
(Q1– Q3: 53.8– 72.0) and 70.8% of the patients were female. 
Breast was the most common tumor site (51.3%) and most 
of the patients had metastasis (67.2%). The BNT162b2 
vaccine was administered in 71.8% of the subjects. Among 
166 patients on active cancer treatment, the vaccine was 
injected after one or more cycles of therapy in 86.7% of 
the individuals. Traditional chemotherapy (33.3%) and 
targeted therapy alone (35.4%) represented the most used 
treatments. Forty- four patients (22.6%) had more than one 
comorbid condition. Chronic steroid (duration of therapy 
≥3 months) and G- CSF use (at any dose and schedule) 
were reported in 45.1% and 7.7% of patients, respectively 
(Table 1).

During the study period, seven (3.59%) patients tested 
positive for SARS- CoV- 2; five cases developed symptom-
atic disease. Based on these results, the clinical efficacy 
of two doses of mRNA- based vaccines against COVID- 19 
was 97.4% (5/195).

The main characteristics of these seven patients are de-
scribed in Table 2. Of note, none of them had COVID- 19 
previously. Notably, among the group affected by symp-
tomatic COVID- 19, three patients had not reached 
seroconversion after two doses of vaccine; the two sero-
converted patients who developed symptomatic disease 
contracted the infection at least 5 months after adminis-
tration of the second dose of vaccine.

The duration of COVID- 19 was 10 days in six patients; 
only in one patient the symptoms lasted for 30 days, caus-
ing the delay of over 7 days for the administration of onco-
logical treatment.

Only one symptomatic patient required hospitalization 
due to disease severity. No patient needed invasive venti-
lation or hospitalization in ICU.

The other patients had mild illness and were managed 
at home and treated with ancillary and supportive therapy 

(NSAIDs or acetaminophen). Conversely, the only hospi-
talized patient received oxygen therapy, broad- spectrum 
antibiotics, dexamethasone, remdesivir, and tocilizumab.

The majority of infected patients estimated that the 
family members or friends were the possible source of in-
fection (Table 3).

4  |  DISCUSSION

The present study describes the clinical efficacy of two 
doses of SARS- CoV- 2 mRNA- based vaccines in a popula-
tion of cancer patients both on active treatment and in fol-
low- up. After 6 months of follow- up, 97.4% of patients did 
not develop COVID- 19. Our results are similar to those of 
previous studies that described a vaccine efficacy ranging 
from 62% to 94.4% before the emergence of the Omicron 
variants. This wide range was probably due to the het-
erogeneity of the research methodology. First, separate 

T A B L E  1  Demographic and clinical features of cancer patients 
(n = 195).

Tumor site n (%)

Breast 100 (51.3)

Gastroenteric 30 (15.4)

Lung 24 (12.3)

Genitourinary 15 (7.7)

Gynecological 17 (8.7)

Head and neck 2 (1.0)

Other 7 (3.6)

Tumor stagea n (%)

Limited 62 (31.8)

Advanced 131 (67.2)

Therapy n (%)

No therapy 28 (13.0)

Chemotherapy 65 (30.2)

Target therapy 69 (32.1)

Chemotherapy + Target therapy 24 (11.2)

Hormone therapy in metastatic disease 9 (4.2)

Comorbidity n (%)

No 86 (44.1)

=1 65 (33.3)

>1 44 (22.6)

Steroidsb n (%)

Yes 88 (45.1)

Granulocyte- colony stimulating factor n (%)

Yes 15 (7.7)

Abbreviation: G- CSF, granulocyte- colony stimulating factor.
aNot applicable for two patients.
bDuration of therapy ≥3 months.
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estimates of the effects of different variants of concern 
(VOCs) were not provided. In addition, the prevalence of 
VOCs was not considered, the study populations were not 
stratified according to the type of cancer (previous vs. ac-
tive, solid vs. hematological) or timing of treatment (previ-
ous vs. ongoing treatment).18– 24

Prevention of the severe form of COVID- 19 (defined as 
hospitalization, ICU admission or severity of symptoms) 
is crucial for cancer patients and vaccination is an effec-
tive strategy for achieving this goal.25

In this study, almost all of the patients (4 of 5 in-
dividuals) who developed COVID- 19 after the second 
vaccine dose had mild symptoms, for an average du-
ration of 10 days, managed at home with symptomatic 
treatment.

Published data suggest that cancer patients have a 
deeper waning of the antibody titers after the primary 
vaccination cycle compared to the general population. 
Approximately 6 months after the second dose, several 
cancer patients have undetectable anti- spike antibodies.26

It is noteworthy that in our study more than half of the 
patients infected by SARS- CoV- 2 (57.1%) had not develop 
an adequate seroconversion after two vaccine doses, and 
all the patients but one developed SARS- CoV- 2 infection 
over 4 months after the second vaccine. Therefore, they 

had probably reduced levels of neutralizing antibodies, 
thereby rendering them more prone to the infection.16

On the other hand, patients who contracted the infec-
tion more than 6 months after the vaccination or who did 
not seroconvert after the second dose did not manifest any 
symptom.

This observation suggests that, despite lack of humoral 
response to vaccination, a vaccine- induced T- cell response 
might protect from severe disease in patients receiving 
chemotherapy or immune checkpoint inhibitors.27,28

This study has limitations. First, the implementation 
of extensive preventive measures by the Italian National 
Government during the observation period may have 
had a substantial effect on the observed low infection 
rates. In addition, it can be hypothesized that cancer pa-
tients and their caregivers, cognizant of their precarious 
state and apprehensive of contagion, may paid particular 
attention to the implementation of precautionary mea-
sures.29 Furthermore, due to the emergency situation, 
not all patients have been tested by systematic nasopha-
ryngeal swabs. An additional limitation of the study is 
the absence of data regarding the prevalence of the dif-
ferent SARS- CoV- 2 variants that infected the patients 
who developed COVID- 19 after vaccination. Indeed, 
during the early stages of the COVID- 19 pandemic, the 

T A B L E  2  Demographic and clinical features of the seven cancer patients infected by SARS- CoV- 2 after two doses of mRNA- based 
vaccines.

Patient

Symptomatic Asymptomatic

1 2 3 4 5 6 7

Age (years) 60 53 68 78 70 66 57

Sex M F F M M F F

Type of vaccine mRNA- 1273 BNT162b2 BNT162b2 BNT162b2 mRNA- 1273 BNT162b2 mRNA- 1273

Tumor site Kaposi Sarcoma Breast Breast Lung Genitourinary Gastroenteric Breast

Tumor stage Advanced Advanced Advanced Advanced Limited Limited Limited

Vaccine administration 
before antiblastic 
therapy

Yes Yes Yes No Yes No No

Cancer treatment CT Target HT CT + Target No CT/Target CT CT + Target

Steroid use Yes No No Yes No Yes Yes

G- CSF use No No No No No Yes No

Comorbidity 1 0 1 > 1 1 1 0

Timing between second 
dose of vaccine and 
positive SARS- CoV- 2 
test (months)

5 3 7 6 4 7 9

Development of 
COVID- 19 symptoms

Yes Yes Yes Yes Yes No No

Seroconversion after two 
doses of vaccine

Yes No No No Yes No Yes

Abbreviations: CT, traditional chemotherapy; G- CSF, granulocyte- colony stimulating factor; HT, hormone therapy; Target, target therapy.
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first two doses of anti- SARS- CoV- 2 mRNA vaccines 
were designed to target the original strain of the virus 
and its early variants. Besides, the epidemic periodical 
reports on SARS- CoV- 2 variant dissemination in Italy 
and the data from the SCIRE collaborative study (which 
tracked SARS- CoV- 2 variants in Italy) suggest that the 
Alfa variant (B.1.1.7 and B.1.1.7+E484K) was unequiv-
ocally preeminent from January to June 2021, while 
the Delta variant (B.1.617.2) became predominant from 
July to December 2021. Other minor circulating strains 
were the Beta variant (B.1.351) and the Gamma variant 
(P.1).30– 32

Vaccine efficacy against these variants was confirmed 
by several studies even if protective immunity rapidly   
declines over time.33,34

Our study suggests that increasing vaccination cover-
age and implementing booster doses, in order to prevent 
infection, hospitalizations, serious illness, and death, 
is essential in a frail population such as cancer patients. 
High- risk subjects may also benefit from additional mit-
igation measures that could reduce the risk of exposure. 
This suggestion could be extended to the general popula-
tion in the global fight against COVID- 19.

Additional studies are warranted in order to assess the 
clinical efficacy in cancer patients who received booster 
doses of the anti- COVID- 19 vaccine.
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