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ABSTRACT
BACKGROUND: To investigate the effect of vaccine types applied in our country against 2019 coronavirus 
disease on the formation of protective antibodies in oncology patients.
MATERIALS AND METHODS: The data of 81 cancer patients who received at least one dose of vaccine for 
COVID-19 and radiotherapy were analyzed retrospectively. At any time after the vaccination, blood samples 
were taken and the antibody titers against the vaccine were measured.
RESULTS: There were 28 (34.6 %) patients who received two doses of vaccine and 48 patients (59.3 %) 
who received 3 doses of vaccine (Sinovac only), while 26 patients (32.1 %) were given both vaccines. The 
mean time for antibody measurement was 62 days after the last vaccination. IgG levels were signifi cantly 
higher in patients who received Biontech vaccine than in those who received Sinovac (r = 0.525; p < 0.001). 
While chemotherapy was the factor that decreased the mean IgM level (p = 0.044), advanced disease 
(stages 3 and 4) was a signifi cant factor that increased the mean IgG level (p = 0.047). A statistically 
signifi cant negative correlation was found between IgM antibody level and WBC count after fi rst vaccination (r 
= ‒0.251; p = 0.024). For every WBC count unit increase in the fi rst vaccination period, there was a 1.333-
fold increase in the risk of IgM negativity.
CONCLUSION: The Biontech vaccine produced higher antibody levels in advanced oncology patients. While 
the application of radiotherapy in cancer patients was not found to be an effective factor in the vaccination 
status, it was determined that the application of chemotherapy signifi cantly reduced IgM levels (Tab. 5, Ref. 
28). Text in PDF www.elis.sk
KEY WORDS: COVID-19 pandemic, COVID-19 vaccine, cancer patients, radiotherapy, chemotherapy, SARS-
CoV-2 IgM and IgG, abscopal effect.
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Introduction

In the fi ght against the COVID-19 pandemic that emerged in 
2019, immunization with vaccines was considered a promising 
approach (1). Cancer patients with weak immune systems were 
one of the most at-risk groups in this process. While the case/
death rate for COVID-19 is 2.3 % in the general population, this 
rate more than doubles (5.6 %) in patients with cancer (2). It is 
known that the decrease in the absolute neutrophil count that may 
occur in cancer patients makes the patient especially vulnerable 
to bacterial infections. Lymphocyte depletion increases the risk 

of viral infection in this case (3). Cancer patients need to be pro-
tected more carefully against COVID-19 infection, as the surgery 
they undergo, chemotherapy (CT) and radiotherapy (RT) processes 
they receive make the patients cytopenic.

In the fi ght against COVID-19, vaccines are one of the most 
important and effective factors for ending the pandemic (4). The 
developed vaccines are used with emergency approval (5, 6). One 
of these vaccines, the Sinovac (CoronaVacR ) vaccine produced in 
China against the Wuhan strain, became the fi rst vaccine to be used 
almost all over the world (7, 8). Then, Pfi zer/Biontech (BNT162b2) 
vaccines produced in Germany were made available. Sinovac is 
obtained by producing SARS-CoV-2 in cell culture and then by 
chemically inactivating the virus (9). Biontech, on the other hand, 
is an mRNA vaccine encoding the spike protein of SARS-CoV-2, 
which represents a completely new vaccine approach. The spike 
protein synthesized in the cell by reading the mRNA codes goes 
out of the cell and creates the desired immunity by stimulating both 
humoral (antibody) and cellular (T cell) immunity (10).

In this study, in which we sought answers to the questions re-
lating to the immunological interaction of the tumor biology and 
vaccine, as well as to the immunosuppressive state caused by the 
treatment regardless of whether the vaccination per se or the vac-
cine type create protective antibodies or not, we investigated the 
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IgM, IgG antibody levels formed by these vaccines administered 
to cancer patients and the parameters affecting it. We believe that 
it will contribute to establishing the operational guidance needed 
for the COVID-19 vaccine as well as to addressing the decisions 
regarding the use of vaccines against COVID-19, especially in 
oncology patients.

Materials and methods

After obtaining COVID-19 research approval from the Minis-
try of Health (2021-08-16T20_12_39), archive scanning permis-
sion from the Health Directorate (E-64247179-799/10.09.2021) 
and local ethics committee approval (E-40465587-050.01.04-
247/17.11.2021), the project was carried out with the support 
fi nanced by the Board of Scientifi c Research Projects Coordina-
tion (dated 18.11.2021, Project ID: 1291, Project Code: TSA-
2021-1291).

Overall, 81 patients with oncological diagnoses, who were 
treated or followed up in our clinic and who received at least one 
dose of vaccine were included. Vaccination calendars and dates 
were searched retrospectively from the E-pulse system of the 
Ministry of Healthcare, which was recorded in a central system. 
WBC, neutrophil and lymphocyte values were noted from the 
blood tests of the patients during the vaccination period. The treat-
ments received by patients, and various parameters such as age, 
gender, disease stage, type of vaccine administered and number 
of vaccines were recorded to investigate whether they had an ef-
fect on antibody formation.

Blood samples (2 ml) were taken for antibody measurement 
from the patients who came to the outpatient clinic examination. 
After the samples had coagulated at room temperature, they were 
centrifuged at 1,500 g, serum samples were separated, and SARS 
Cov-2 antibody test was applied on the same day. Tests were run 
on the Architect i1000sr with two-level quality control. Then, IgG 
and IgM measurements were performed separately using the che-
miluminescent microparticle immunoassay (CMIA) method and 
the SARS-CoV-2 IgM and IgG II Quant 
(Abbott, Germany) quantitation kits. In ac-
cordance with the recommendations of the 
manufacturer, 0.99 AU /ml for Ig M and 
over 49 AU /ml for Ig G were evaluated as 
positive. These antibodies formed against 
the spike receptor binding site (RBD) of 
SARS were quantitatively measured to de-
tect the antibody response of patients vac-
cinated against COVID-19.

Statistical analysis
Data were analyzed with IBM SPSS 

V23. Conformity to normal distribution 
was evaluated by Shapiro-Wilk and Kol-
mogorov-Smirnov tests. The Mann-Whit-
ney U test was used to compare the data that 
were not normally distributed according to 
the paired groups. Spearman’s rho correla-

tion coeffi cient was used to examine the relationship between data 
with non-normal distribution. Binary logistic regression analysis 
was used to examine the risk factors affecting IgG and IgM values. 
Analysis results were presented as median (minimum – maximum) 
for quantitative data. Signifi cance level was set as p < 0.050.

Results

Of the 81 patients included in the study, 23 (28.4 %) were fe-
male and 58 (71.6 %) were male. The mean age was 63 (29‒max 
86). Tumor localizations were as follows: lung (40.7 %), breast 
(21.0 %), prostate (16 %), and other rarer types (rectum, gyneco-
logical localization, bladder, etc.). The vast majority of patients 
(88.9 %) received RT, while 60.5 % received concomitant CRT.

There were 28 patients (34.6 %) who received two doses of 
vaccine and 48 patients (59.3 %) who received 3 doses of vaccine. 
The number of patients who had a single dose of vaccine was 5 
(6.2 %). Four of these patients were vaccinated with Biontech 

Parameters Number 
of patients %

Gender Female 23 28.4
Male 58 71.6

Number of vaccines dose 1 5 6.2
doses 2 28 34.6
doses 3 48 59.3

Vaccine type Single Biontech dose 4 4.9
Single Sinovac dose 1 1.2
Only Biontech 11 13.6
Only Sinovac 39 48.1
Sinovac and Biontech 26 32.1

Disease stage Early (stages 1‒2) 19 23.5
Late (stages 3‒4) 62 76.5

Tab. 1. Gender, stage of disease, and vaccination information of the 
patients.

 Univariate Multivariate
OR ( %95 CI) p OR ( %95 CI) p

Gender 1.929 (0.383‒9.699) 0.425 3.403 (0.445‒26.047) 0.238
Age 0.969 (0.916‒1.025) 0.266 0.974 (0.892‒1.063) 0.554
Stage 0.79 (0.187‒3.333) 0.748 0.692 (0.123‒3.906) 0.677
Duration of period after 1st vaccine 
up to antibody measurement1 0.995 (0.985‒1.004) 0.272 0.984 (0.965‒1.004) 0.110

Biontech 0 (0‒.) 0.997
Sinovac 1.288 (0.642‒2.585) 0.477 2.488 (0.911‒6.795) 0.075
WBC during 1st vaccination period 0.982 (0.749‒1.287) 0.893 0.948 (0.681‒1.319) 0.752
NLR 0.777 (0.502‒1.204) 0.259 0.799 (0.505‒1.263) 0.336
Duration of last vaccine period
up to antibody measurement1 0.889 (0.766‒1.033) 0.126

CT 1.886 (0.461‒7.722) 0.378 2.219 (0.356‒13.811) 0.393
RT 291315059.032 (0‒.) 0.999
Ab: Antibody, 1: Days, WBC: White blood cell, NLR: Neutrophil Lymphocyte Ratio, CT: chemotherapy RT: 
Radiotherapy

Tab. 2. Risk factors affecting IgG negativity.
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and one with Sinovac vaccine. There were 
11 patients (13.6 %) vaccinated only with 
Biontech vaccines and 39 patients (48.1 %) 
only with Sinovac. Twenty-six (32.1 %) of 
the patients were vaccinated with vaccines 
of both producers. Gender, cancer stage and 
vaccination information of the patients are 
shown in Table 1.

Antibody tests were performed 62 days 
(7‒123 days) on average after the last vac-
cination date of the patients. In a patient 
who received a single dose of Sinovac, the 
IgG value (23 AU/ml) measured 26 days 
later was negative. IgG values of 4 patients 
who received a single dose of Biontech, 
were 13884 AU/ml, 353AU/ml, 1383AU/
ml and 11680AU/ml on days 20, 33, 48 and 
71, respectively.

The mean WBC levels were 6.01 
(103/uL) (1.36–14.68) after one dose of vaccine, 5.73 (103/
uL) (2.39‒18.48) after the second vaccine, and 5.54 (103/uL) 
(2.39‒18.48) after the third vaccine. The respective neutrophil/
lymphocyte ratios were 3.12 (0.60‒32.82), 2.72 (1.00‒10.09) 
and 2.96 (0.51‒9.71. Respective lymphocyte levels were 1.20 
(103/uL) (0.28‒3.76), 1.20 (103/uL) (0.35‒4.45) and 1.21 (103/
uL) (0.34‒3.55).

Factors potentially affecting IgG levels, namely age, gender, 
disease stage, time elapsed between vaccination and antibody 
measurement, type of vaccine, and CT and RT statuses were evalu-
ated. There was no signifi cant risk factor affecting IgG antibody 
negativity (p > 0.050). Variables were obtained as independent 
risk factors (Tab. 2).

WBC value after the fi rst vaccination was found to be statis-
tically signifi cant as a risk factor affecting IgM antibody nega-
tivity (p = 0.042). When the WBC values in the period after the 
fi rst vaccination increased by one unit, the risk of IgM negativity 
increased 1.333 times. Other variables were not obtained as risk 
factors (p > 0.050) (Tab. 3).

A signifi cant, positive correlation was found between the 
number of Biontech vaccine doses and IgG antibody level (r = 
0.525; p < 0.001). IgG level was higher in patients who received 
the Biontech vaccine. This increase was not dependent on any of 
evaluated factors. A statistically signifi cant negative correlation 
was found between IgM antibody level and WBC value after the 
fi rst vaccination (r = ‒0.251; p = 0.024). There was no statisti-
cally signifi cant relationship between IgG and M levels and other 
variables (p > 0.050) (Tab. 4).

Mean IgG levels differ statistically according to the disease 
stage (p = 0.047). The mean level of IgG in stages 1 and 2 was 
370.5, while that in stages 3 and 4 was 1552.05. Antibody for-
mation in advanced stages (stages 3 and 4) was higher than in 
early-stage patients.

The mean IgM levels of the patients who underwent CT were 
found to be statistically low (p = 0.044). While it was 0.11 AU/
ml in patients who underwent CT, it was 0.355 AU/ml in pa-

Parameters
Univariate Multivariate

OR ( %95 CI) p OR ( %95 CI) p
Gender 1.508 (0.483‒4.71) 0.480 1.843 (0.466‒7.294) 0.384
Age 0.987 (0.939‒1.037) 0.604 0.972 (0.897‒1.053) 0.486
Stage 1.005 (0.285‒3.547) 0.994 1.154 (0.275‒4.841) 0.845
Duration of 1st vaccination period 
up to antibody measurement1 1.001 (0.992‒1.009) 0.866 0.995 (0.976‒1.015) 0.620

Biontech 0.644 (0.309‒1.34) 0.239 1.257 (0.209‒7.582) 0.803
Sinovac 1.331 (0.801‒2.211) 0.269 1.932 (0.346‒10.778) 0.453
WBC during 1st vaccination period 1.333 (1.01‒1.76) 0.042* 1.344 (0.973‒1.858) 0.073
NLR 0.998 (0.87‒1.144) 0.973 0.95 (0.812‒1.111) 0.519
Duration of last vaccination period 
up to antibody measurement1 1.002 (0.978‒1.025) 0.892

CT 2.727 (0.912‒8.152) 0.073 1.432 (0.372‒5.521) 0.602
RT 3.631 (0.856‒15.408) 0.080 2.483 (0.427‒14.439) 0.311
Ab: Antibody, 1: Day, WBC: White blood cell, NLR: Neutrophil/Lymphocyte Ratio, CT: Chemotherapy, RT: 
Radiotherapy. *p = 0.042, p < 0.050

Tab. 3. Risk factors affecting IgM antibody negativity.

Parameters
IgG level IgM level

r p r p
Age 0.038 0.733 ‒0.045 0.689
Duration of 1st vaccination period 
up to antibody measurement1 0.105 0.350 ‒0.069 0.543

Biontech 0.525  < 0.001* 0.172 0.124
Sinovac ‒0.210 0.060 ‒0.147 0.189
WBC after 1st vaccination ‒0.155 0.168 ‒0.251 0.024**
NLR 0.146 0.193 0.104 0.356
Duration of last vaccination period 
up to antibody measurement1 0.014 0.927 0.051 0.732

r: Spearman‘s rho correlation coeffi cient. Ab: Antibody, 1: Day, WBC: White blood 
cell, NLR: Neutrophil/Lymphocyte Ratio, *r = 0.525; p < 0.001, **r = ‒0.251; p = 0.02

Tab. 4. IgG and IgM antibody levels and quantitative parameters.

Factors / Parameters IgG level
AU/ml
Mean (min- max)

IgM level
AU/ml
Mean (min- max)

Gender

Female 1756.00 (2.00‒40000) 0.26 (0.02‒4.19)
Male 795.05 (2.10‒40000) 0.115 (0.03‒15.8)
Test statistics U = 482.00 U = 595.00

p = 0.053 p = 0.450

Stage 

1-2 370.50 (16‒40000) 0.10 (0.02‒2.93)
3-4 1552.05 (2‒40000) 0.21 (0.03‒15.8)
Test statistics U = 410.50 U = 545.00

p = 0.047* p = 0.624

CT

None 1044.75 (16‒40000) 0.35 (0.03‒15.8)
Applied 1278.50 (2‒40000) 0.11 (0.02‒6.75)
Test statistics U = 756.50 U = 575.50

p = 0.790 p = 0.044**

RT

None 2278.00 (353.20‒40000) 0.33 (0.07‒15.8)
Applied 1044.75 (2.00‒40000) 0.12 (0.02‒6.75)
Test statistics U = 211.00 U = 206.00

P = 0.089 p = 0.076
U: Mann‒Whitney U test statistic, Mean (min‒max), CT: Chemotherapy, RT: Ra-
diotherapy, * p = 0.047, * ** p = 0.044

Tab. 5. Factors affecting IgG and IgM levels.
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tients who did not. There was no difference in the mean levels 
of IgG and IgM relative to gender and RT status (p > 0.050) 
(Tab. 5).

Discussion

After the COVID-19 pandemic that emerged from the city of 
Wuhan, China, the Chinese Center for Disease Control and Pre-
vention reported that 5.6 % of the case fatality rate among CO-
VID-19 patients were people with cancer (11). In a study, it was 
shown that cancer patients have a high mortality rate with the risk 
of transmission and infection due to immunosuppression (12). It 
has been observed that cancer patients have a higher risk of CO-
VID-19 infection compared to non-cancer patients (13).

SARS-CoV-2 exhibits a spread that is unusual for a respiratory 
virus due to its ability to bind to angiotensin-converting enzyme 
2 (ACE2), a receptor expressed on almost all organ cells (14). 
Therefore, unlike most respiratory viruses, SARS-CoV-2 has a 
wider biodistribution and can cause signifi cant damage outside 
the respiratory tract. Therefore, since most of the pathology after 
viremia is outside the airway, a vaccine that elicits IgG antibodies 
may protect patients against viremia. IgG antibody contributes to 
both viral neutralization and opsonization. It is effective in anti-
body and complement-dependent cell cytotoxicity (15).

The protection from viral infections is mainly provided by 
virus-neutralizing antibodies. Vaccine studies were accelerated by 
using structural and enzymatic proteins of SARS-CoV-2, geneti-
cally modifi ed dendritic cells, infusion of antigen-specifi c T cells 
and mRNA encapsulated lipid nanoparticles encoding spike pro-
teins, as well as plasmids encoding spike proteins and recombinant 
adenovirus. Some studies have been done using inactivated SARS 
CoV-2. The receptor-binding domain (RBD) in the S protein of the 
virus binds the cellular receptor, ACE2. Most antibodies that can 
neutralize coronaviruses are directed against the RBD and block 
the viral binding to ACE2 (16). Producing vaccine-induced anti-
bodies against RBD has been the method used by the majority of 
COVID-19 vaccine studies (17).

Active immunity against various viral diseases is achieved by 
activating adaptive immunity. This is related to the body’s expo-
sure to the antigen and its duration. The adaptive response takes 
days/weeks to develop, but it lasts for a long time, in some cases 
for life. In this way, immunization, including vaccines, stimu-
lates the individual’s immune system to produce antibodies and 
lymphocytes. The immune system stimulated in this way triggers 
both humoral and cell-mediated immunity. These cells include 
T cells (cytotoxic T cells, helper T cells, memory T cells and 
suppressor T cells), B cells (memory B cells and plasma cells), 
and antigen-presenting cells (B cells, dendritic cells and macro-
phages). It involves the production of antibodies induced by the 
antigen/pathogen and causes the formation of long-term memory 
cells. Initial exposure elicits a primary response, and subsequent 
exposure to the same pathogen produces a much faster and stron-
ger secondary response. As a result, acquired immunity occurs in 
response to exposure to an infection, and artifi cial immunity oc-
curs through vaccination (18, 19). In immunosuppressive condi-

tions that occur for various reasons, the effectiveness of acquired 
immunity is compromised.

Studies investigating the safety and effi cacy of vaccines in 
immunocompromised cancer patients are limited. This has led to 
incomplete guidelines and data regarding the vaccination of can-
cer patients (20). Cancer patients can be divided into two groups, 
namely as severely or mildly immunosuppressed. Those who ac-
tively receive RT and/or CT are defi ned as ‘patients with severe 
immunosuppression, while those who receive maintenance chemo-
therapy are classifi ed as ‘patients with mild immunosuppression’ 
(21). It also means that developing an effective vaccine against 
pathogens like SARS CoV-2 in cancer patients in both categories 
can be diffi cult. The presence of active cancer and the cytotoxic 
treatments taken suppress the immune system.

In our study, the mean post-vaccine IgM levels of the patients 
who underwent CT were found to be statistically low (p = 0.044). 
Gender and RT status did not cause signifi cant differences in mean 
IgG and IgM levels. This was thought to be associated with sys-
temic CT being more immunosuppressive than RT, involving lower 
WBC values. In addition, in our study, WBC value after the fi rst 
vaccination was found to be a risk factor affecting IgM antibody 
negativity (p = 0.042). When the WBC values in the period after 
the fi rst vaccination increased by one unit, the risk of IgM nega-
tivity increased 1.333 times. This situation may be related to the 
improvement in the acute infection situation with the increase in 
WBC and conversion of active immunity to IgG-generating pro-
tective immunity.

In our study, it was shown that the disease stage signifi cantly 
affected IgG levels (p = 0.047). The mean level of IgG in stages 
1 and 2 was 370.5, while that in stages 3 and 4 was 1552.05. 
IgG antibody formation was higher in advanced cancer patients 
than in early-stage patients. This may be due to the complex 
structure of the immune system. Decades of research have also 
shown that chemotherapy can play different roles in anti-tumor 
immunity (22). Cancer immunology is characterized by antitu-
mor T cells with reduced function and immunosuppressive tu-
mor microenvironment (23). However, frequent administration 
of chemotherapeutic agents in non-toxic doses and without long 
rest periods has been defi ned as metronomic CT. Although this 
situation is designed to overcome drug resistance, it is reported 
to provide anti-tumor effective immunity (24). It is known that 
RT and CT immunotherapies increase their effectiveness and 
cause abscopal effect (25). Similar to chemotherapy, RT also in-
duces immune cell death with direct cytotoxic effects (26). The 
cell death mechanisms of ionizing radiation are classically sum-
marized as the 5Rs of radiobiology: repair of radiation damage, 
increased cell proliferation after radiation, redistribution of cell 
cycle, reoxygenation, and radiosensitivity. The most representa-
tive mechanism, by which RT kills tumor cells, is irreparable 
damage to double-stranded DNA. In addition, RT can initiate 
anti-tumor responses away from the irradiated area, known as the 
abscopal effect (27). Abscopal effect may contribute to the acti-
vation of the immune system. RT, CT, or both can increase the 
antibody response by stimulating the immune system as a result 
of the damage they cause.
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Some studies have been conducted to develop guidelines 
for the COVID-19 vaccine administration in cancer patients 
(28). Accordingly, vaccinations are recommended to be done 
1-2 weeks before or after RT and/or CT applications. With the 
exception of whole-body radiation, vaccination may need to be 
delayed as immune restructuring takes time. In addition, based 
on data from a study on optimal timing of infl uenza vaccination, 
it has been recommended that the COVID-19 vaccine be admi-
nistered between 3-week chemotherapy cycles. As a result, it has 
been shown that the antibody response to the vaccine is similar 
in patients vaccinated simultaneously with chemotherapy and in 
patients vaccinated during the cytopenic period of the chemo-
therapy cycle (28).

In accordance with the regulations prepared by the Ministry 
of Healthcare in our country, oncology patients were sequentially 
vaccinated. In the meantime, as stated above, vaccination was 
carried out as soon as the vaccine was available during the RT/
CT application or between the 3-week periods. While the fi rst ad-
ministrations of vaccines had been carried out with the Sinovac 
vaccine, later, when Biontech vaccine became available, the vac-
cines were administered by the patient’s preference. A signifi cant, 
positive correlation was found between the number of Biontech 
vaccine doses and IgG antibody level (r = 0.525; p < 0.001). IgG 
level was higher in patients who received the Biontech vaccine. 
This increase was not dependent on any of factors. A statistically 
signifi cant, negative correlation was found between IgM anti-
body level and WBC counts after fi rst vaccination (r = ‒0.251; p 
= 0.024). There was no statistical correlation between IgG and M 
levels and other variables (p > 0.050). With these data, we deter-
mined that the Biontech vaccine had a stronger effect on antibodies
production in oncology patients.

Conclusions

IgG levels were signifi cantly higher in oncology patients 
who received the Biontech vaccine than in those who received 
Sinovac. While chemotherapy was the factor that decreased the 
mean IgM level, advanced disease (stages 3 and 4) increased the 
mean IgG level. No signifi cant correlation was found between 
the parameters such as gender, age, vaccination date, antibody 
test date, and neutrophil/lymphocyte ratio. A statistically signifi -
cant, negative correlation was found between IgM antibody level 
and WBC count after fi rst vaccination. This study helps establish 
operational guidance in the use of vaccines against COVID-19 
in oncology patients.
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