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1. Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
vaccination campaign started in Europe in December 2020. The
BNT162b2 mRNA vaccine developed by BioNTech and Pfizer was the
first coronavirus vaccine (COVID-19) approved in Italy.

Efficacy and safety of the BNT162b2 mRNA vaccine was established
in a randomized study which enrolled 43,548 patients aged between
16 and 91 years. The median age of the 18,860 patients in the active
treatment arm was 52 years (range 16–89) with 42.3% of subjects
older than 55. The study demonstrated that efficacy is not influenced
by age. This pivotal study excluded patients receiving immunosuppres-
sive therapy and those diagnosed with an immunosuppressive condi-
tion [1]. Therefore, there is no specific efficacy data available for older
patients with cancer. In Italy the median age of the 106,789 patients
who died from COVID-19 was 82 years (range 0–109). Of the 6992 hos-
pitalized patients who died, 16.6% were affected by an active cancer [2].
As recently pointed out, the management of older patients with cancer
during COVID-19 pandemic, required major efforts in tailoring and per-
sonalizing treatment approach. Recommendation of the Society of Geri-
atric Oncology (SIOG) COVID-19 working group is to early underline
and clearly state the goals of care in this vulnerable population [3].

The ItalianMinister of Health identified specific phases and priorities
for delivering the vaccine. Priority has been given to health care pro-
viders, people older than 80 years, and frail patients. These priority
groups were included in the first step of the vaccination campaign.

Considering the important need of real-life data related to COVID-19
vaccination in older patients with cancer [4], we decided to conduct a
spontaneous study on this population.

2. Aims

The primary objective of our study was to evaluate the seropreva-
lence of the SARS-CoV-2 IgG in older outpatients (aged ≥80 years), diag-
nosed with solid or hematological malignancies, one month after
administering the second dose of the BNT162b2 vaccine.

3. Material and methods

This was a spontaneous, not-sponsored, mono-institutional, cross-
sectional control study conducted at San Camillo-Forlanini Hospital in
Rome. The study was approved by the local ethics committee (Protocol
number 216/CE Lazio1, 22nd February 2021) and was conducted in ac-
cordance with the Declaration of Helsinki. All patients provided written
informed consent before starting any study-related procedure.
https://doi.org/10.1016/j.jgo.2021.06.002
1879-4068/© 2021 Elsevier Ltd. All rights reserved.
3.1. Study population

Older patients (aged ≥80 years) diagnosed with either solid or hema-
tological malignancies, under the care of the Oncology Department at San
Camillo Forlanini Hospital, were screened for the study. Major eligibility

early stage or advanced disease, receiving active treatments or having
completed treatment within six months before 1st dose of vaccination.
Any kind of oncological treatment was allowed (e.g. chemotherapy,
targeted therapy, and immunotherapy). Patients with previous SARS-
CoV-2 infection, based on anamnestic evaluation, and aged <80 years
were excluded. A group of health care workers at our hospital (medical
doctors and nurses), aged ≥66 years was used as a control group in a
1:2 ratio. Personal and health data of these subjects were not recorded
and serological analyses were conducted anonymously. Previous history
of COVID-19 infection was an exclusion criteria for this group.

Study population and control group received two doses of
BNT162b2, a lipid nanoparticle–formulated, nucleoside-modified RNA
vaccine that encodes a prefusion stabilized, membrane-anchored
SARS-CoV-2 full-length spike protein [1]. The vaccinewas administered
intramuscularly on days 1 and 21, as part of the national vaccination
campaign. The first patient was vaccinated on January 4th 2021, the
last patient was vaccinated on February 19th 2021.

3.2. Laboratory methods

The serological tests were performed by Abbott IgG anti SARS-CoV-2
Alinity system, an automated immunoassay for the quantitative detec-
tion of IgG anti-Spike sub1 antibodies to SARS-CoV-2 in human serum
or plasma using chemiluminescent microparticle immunoassay tech-
nology (CMIA) [5]. The results of the assay are reported as Arbitrary
Units (AU)/ml with a cutoff for positivity of 50 AU/ml. Patient samples
were collected one month after administering the second dose of the
BNT162b2 vaccine, from 9th to 22nd March 2021.

3.3. Accrual of clinical data

The following data were collected: age, gender, type of cancer or he-
matological disease, stage, relevant comorbidities, type of treatment,
concomitant medication, corticosteroid use and blood cell count. No
clinical data were provided for the control sample of health care
workers, except for age and serological analyses.

3.4. Statistical analysis

Descriptive statistics was used to analyze patient characteristics. Dif-
ferences in serological value between vaccinated patients with cancer
and control group were tested using the nonparametric Mann-
Whitney U test. A p value <0.05 was considered significant. Statistical
evaluation was performed using the SPSS 21.0 (SPSS Inc., Chicago, IL,
USA) for Windows.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jgo.2021.06.002&domain=pdf
https://doi.org/10.1016/j.jgo.2021.06.002
https://doi.org/10.1016/j.jgo.2021.06.002
http://www.sciencedirect.com/science/journal/


Fig. 1.Anti-Spike ImmunoglobulineG (IgG) values (positive value> 50 AU/ml) in patients
with cancer older than 80 years and control group. Mann-Whitney U test, p < 0,0001.
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4. Results

We screened 74 older patients with cancer for this study, 45 of them
chose to receive the vaccination and serumsampleswere collected from
36 patients. Median age was 82 years (range: 80–89), 58.4% of patients
were female and 41.6%male. Themajoritywere affected by solid tumors
(72.2%). Genitourinary tumors followed by gastrointestinal and breast
cancer were the most common types. Most patients had an advanced
(III-IV) stage of disease (63.9%). Four out of six patients with early
stage disease were receiving active treatment: radiotherapy (anal
cancer), radiotherapy + chemotherapy (bladder cancer), rituximab
(Non-Hodgkin lymphoma), paclitaxel plus trastuzumab (breast cancer).
Thirty-one patients (86%) were receiving an active treatment when
they were vaccinated: eleven chemotherapy plus monoclonal antibod-
ies, ten chemotherapy, four targeted therapies, and two each for immu-
notherapy/hormonal therapy/radiotherapy. Only nine patients (25%)
were under continuous steroid treatment during vaccination while
those receiving steroids as antiemetics were not considered for cortico-
steroid therapy [Table 1].

Median serum IgG were 2396,10 AU/ml (range 0–32,763,00) in pa-
tients with cancer and 8737,49 AU/ml (398.90–976,280,00) in the con-
trol group, p < 0.0001 (Fig. 1).

Additional subgroup analyseswere performed comparingmales and
females, patients treatedwith chemotherapy to other therapies (immu-
notherapy, targeted therapy), early (I-II) versus advanced (III-IV) stage
of disease, continuative corticosteroid use or not. None of them reached
statistical significance. However positivity in serological analyses was
not reached in six out of the ten patients with hematological malignan-
cies and in one out of the twenty-six patients with solid tumors.

No major adverse events related to vaccine were recorded.
Table 1
Patients' data.

Patients with cancer n = 36 (%)

Median Age (range) 82 years (80–89)

Sex
Female 21 (58.4)
Male 15 (41.6)

Tumor type
Haematologic tumors 10 (27.3)
Solid Tumors 26 (72.2)
Genitourinary 9 (25.0)
Gastrointestinal 8 (22.2)
Breast 7 (19.4)
Others 2 (5.5)

Staging
I-II 6 (16.7)
III-IV 23 (63.9)
NA 7 (19.4)

Comorbidities
Cardiovascular 25 (69.4)
Diabetes 8 (22.2)
Other 15 (41.7)

Cancer Treatment
Active treatment during vaccination 31 (86.1)
Chemotherapy + mAb 11 (30.5)
Chemotherapy 10 (27.7)
Targeted Therapy 4 (11.1)
Hormonal Therapy 2 (5.5)
Immunotherapy 2 (5.5)
Radiotherapy 2 (5.5)
Out of treatment 5 (13.9)
Corticosteroid therapy
Yes 9 (25.0)
No 26 (72.2)
Unknown 1 (2.8)
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None of the patients enrolled in this study experienced COVID-19 in-
fection after vaccination, regardless of the level of IgG response.
5. Discussion

Our study shows for the first time that patientswith cancer aged ≥80
years can have a substantial serological response to the BNT162b2
COVID-19 vaccine one month after vaccination with increased IgG
against the anti-spike sub-1 unit.

If vaccination can avoid COVID-19 infection or if is only able to pre-
vent spread of symptoms and severe clinical disease is still a scientific
debate. Moreover the correlation between serological response to
COVID-19 vaccination and clinical protection is still not completely doc-
umented [6].

Duysburgh et al. recently showed a positive correlation between se-
rological response to vaccination measured with Anti-Spike IgG and
presence of neutralising antibodies in cell cultures indicating that sero-
logical response is a valid surrogate of efficacy [7].

In our study, none of the patients enrolled experienced COVID-19 in-
fection after vaccination, regardless of the level of IgG response. Based
on that it seems that, in our cohort of vulnerable patients, serological re-
sponse offers a clinical protection.

This trial supports the recommendation recently published by the
SIOG COVID-19 Working Group, to prioritize older adults with cancer
in vaccination programs [8]. Endorsements for vaccination of patients
with cancer have also been promoted by American Association of Clini-
cal Oncology (ASCO) and the European Society of Medical Oncology
(ESMO) [9,10]. The recommendation of ASCO is to offer vaccination
against COVID-19, as long as components of vaccine are not contraindi-
cated, to patientswith cancer, cancer survivors and patients with cancer
undergoing active treatment [9].

The European Society of Medical Oncology suggests to continue re-
search in order to generate more data on vaccine efficacy and safety in
special populations, including patients with active cancer or history of
cancer [10].

Our study has several biases, one of the most relevant is the low
number of patients who agreed to undergo serological testing after
being vaccinated (45 of 74 were vaccinated and 36 underwent serolog-
ical testing). Lack of data on vaccine efficacy in this frail population as
well as and the lack of information on safety in older patients with can-
cer contributed to the low accrual. In addition, our followup is short and
we still do not have any data about the duration of the serologic re-
sponse. Doria-Rose et al. recently showed that antibody persistence
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after the second dose of mRNA-1273 Vaccine for COVID-19 remains
high at day 209 in 33 healthy adults, however it seems less evident
with patients aged ≥71 years [11]. These data are also consistent with
those obtained in patients with previous COVID-19 infection for up to
eight months [12].

Finally we did not perform a geriatric assessment in our population
and fitness may have an impact on immune response.

6. Future perspectives

In conclusion, this study has evaluated IgG response to BNT162b2
COVID-19 vaccine in older patients with cancer showing that they are
still able to develop an immunological response and consequently sup-
port the vaccination campaign currently underway in this frail popula-
tion. Although this response is significantly lower than that reached in
the control group it is indeed of clinical relevance. Immunosenescence
could potentially impair immunogenicity of the vaccine in older adults
[13]. Recently, Herishanu et al. showed that antibody response to
BNT162b2 vaccine in patients with chronic lymphocytic leukemia is
markedly impaired by disease activity and treatment [14]. In our expe-
rience, even if statistical significance was not reached in the subgroup
analyses, there is a difference between hematological and solid tumor
immunoresponse and this data could become of clinical relevance
with larger numbers.

Additional serological tests will be performed after six and twelve
months after vaccination in order to evaluate the duration of immuno-
logical response in our patients. A longer follow-up is needed to answer
this question and to evaluate a further boost in doses in older patients in
order to restore immunity against COVID-19.
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