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ABSTRACT

Cancer patients are a group particularly vulnerable to various infections, including SARS-
CoV-2. Men are more susceptible to severe COVID-19, with a higher mortality rate. Many
researchers have shown that immunity after two doses of the vaccine wanes over time,
and a third booster dose is necessary to increase protection. Therefore, we undertook
to assess the dynamics of anti-SARS-CoV-2 antibodies within a year after three doses
of Pfizer-BioNTech vaccine in Polish men with prostate cancer. For this purpose, the titer
of anti-SARS-CoV-2 antibodies was examined 3, 6, 9, and 12 months after the third dose
of the vaccine. We also analyzed whether the decline in antibody titer depends on the
tumor stage (Gleason Score, T stage). The obtained results indicate that the level of anti-
SARS-CoV-2 antibody is significantly lower in PCa patients compared to the controls.
Twelve months after the third vaccine dose, the seroprevalence among prostate cancer
patients was 53.3% (50-59) and 29.8% (60-78), respectively. In the period from 3 to 6
months, as well as from 6 to 9 months after vaccination, a statistically significant decrease
in antibody titer was observed in both analyzed age groups. Moreover, their levels were
lower in more advanced clinical stages.

Conclusion: Due to the fact that in the following months the antibody titer decreased
much faster in PCa patients than in people from the healthy control group, it seems
reasonable to ask whether PCa patients should be vaccinated with a booster dose more
often than once a year.
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INTRODUCTION

SARS-CoV-2, the etiological agent of an acute infectious
respiratory disease, the first cases of which were reported in
late December 2019 in Wuhan, has quickly spread around
the world, causing millions of illnesses and deaths [1,2].
As of November 3, 2024, 776,798,873 cases of COVID-19
and 7,074,400 deaths have been reported to WHO world-
wide [3]. Some patients after COVID-19 may experience
long-term systemic, neuropsychiatric, cardiopulmonary and
gastrointestinal consequences [4-6]. SARS-CoV-2 variants
of concern (VOCs) have emerged in the human population,
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such as Alpha, Beta, Gamma, Delta and Omicron. Currently,
all circulating SARS-CoV-2 variants are Omicron lineages
[7]. The Omicron variant is dominant worldwide due to its
strong transmissibility [8,9].

Several COVID-19 vaccines produced by various phar-
maceutical companies have been developed and deployed
around the world. As many studies show, immunity after two
doses of the vaccine decreases over time, and a third booster
dose is necessary to increase protection [10-12]. Assessment
of the humoral immune response to SARS-CoV-2 is essen-
tial for understanding breakthrough infections and immune
protection, as well as developing a vaccination strategy [13].
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Cancer constitutes a serious challenge to public health
on a global scale, both due to its incidence and mortality.
According to the forecasts of the World Health Organiza-
tion, the number of newly detected cancer cases is con-
stantly increasing, and is projected to reach 30.2 million
cases by 2040 [14]. Malignant tumors are the second cause
of death in Poland. For every 100,000 people in the Polish
population, there are 247 deaths due to malignant tumors
[15]. Globally, the second most common cancer among men
is prostate cancer (PCa), which is the fifth most common
cause of cancer death [16]. In order to reduce the effects of
SARS CoV-2 infection, many countries, including Poland,
have implemented a vaccination program with particular
emphasis on high-risk groups, which include cancer patients.

Our previous studies showed that prostate cancer patients
had significantly lower levels of anti-SARS-CoV-2 IgG
antibodies compared to controls [17]. Therefore, it seemed
interesting to investigate the dynamics of antibodies devel-
oped after 3 doses of vaccine in this group of patients. For
this purpose, the titer of anti-SARS CoV-2 antibodies was
assessed 3, 6, 9 and 12 months after the last dose of the
vaccine. To determine the dynamics of antibody levels
over time, a comparison was made with a group of healthy
people.

MATERIALS AND METHODS

Subjects

The study included men with diagnosed and histopatho-
logically confirmed prostate cancer. Patients were hos-
pitalized at the Department of General and Oncological
Urology of the 1st Military Clinical Hospital with Outpa-
tient Clinic in Lublin. All patients underwent radical pros-
tatectomy. Only patients who did not require additional
therapy (chemotherapy or radiotherapy) were qualified for
the study. Two age groups were distinguished, i.e., 50-59 (X
=56.3%£2.2) and 60-78 (X = 68.9£5.3). In order to compare
the results, a control group similar in terms of age struc-
ture was selected. This group included volunteers treated
in hospital outpatient clinics in whom any cancer had been
ruled out. Both people from the study and control groups
had to meet the following criteria: 1) inclusion criteria: three
doses of the Pfizer vaccine, no history of infection; 2) exclu-
sion criteria from the study: partial vaccination (one or two
doses), history of infection, vaccination with two different
vaccines. The schedule for administering subsequent doses
of the vaccine and the dates of blood sample collection are
shown in Figure 1.
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Figure 1. Vaccination schedule and deadline for collecting blood
samples for testing

The antibody diagnostic test detects several different
antibodies. To maintain the homogeneity of the research
group, people who had only anti-SARS-CoV-2 RBD IgG
antibodies in their serum were included in the analysis. In
this way, people whose infection could have been asymp-
tomatic were excluded. Additionally, all respondents had to
meet the age criterion indicated above. Due to the above-
mentioned criteria, the initial study group of 400 prostate
cancer patients and the control group of 390 people were
significantly reduced. Ultimately, 97 patients with prostate
cancer in the research group and 82 men in the control group
were included in the analysis. The characteristics of both
groups are presented in Table 1.

Table 1. Baseline characteristics of studied groups

Patients
PCa patients Control group
n % n %
Total 97 82
54-59 30 30.9 35 42.7
Age
60-70 67 69.1 47 57.3
P 0.1199
Urban 67 69.1 56 68.3
Place of residence
Rural 30 30.9 26 31.7
P 0.9999
6 44 45.4
7 30 30.9
Gleason score
8 13 13.4
9 10 10.3
T1 54 55.7
T2 43 44.3
T
T3 0 0
T4 0 0
N NO 97 100.0
M MO 97 100.0

Serum samples collection

Venous blood collected from all subjects was centrifuged
at 1500 rpm for 15 minutes at room temperature, and the
serum was divided into several portions and frozen at -80°C.

Detection of SARS-CoV-2 antibodies

The presence and level of antibodies were assessed in
serum collected from all study participants using a com-
mercially available Microblot Array COVID-19 IgG test
(TestLine Clinical Diagnostics, Brno, Czech Republic)
according to the manufacturer’s instructions. Results are
given in units of U/ml, as described previously [17].

Statistical Analysis

GraphPad Prism version 10.4.0 was used for statistical
analysis (San Diego, CA, USA). Categorical variables were
expressed as numbers and percentages. The normality of
the distribution of continuous variables was checked using
the Shapiro-Wilk test. Descriptive statistics were used to
present patient baseline characteristics. Seroprevalence is
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presented as a percentage. The chi-square test was used to
compare the prevalence of antibodies in both groups. Means
and standard deviations (SD) were calculated. Antibody
levels were analyzed using the Mann—Whitney U test and
the Kruskal-Wallis test. If the p-value <0.05, the result was
considered statistically significant.

Ethics

The research was approved by the Medical University of
Lublin Ethics Committee and is in accordance with the GCP
regulations (No. KE-0254/295/2019, 26 September 2019 and
no. KE-0254/194/10/2022, 6 October 2022). Written
informed consent was obtained from each participant.

It is clear that the humoral response in PCa patients was
much weaker than in the control group, especially in the
older age group. Twelve months after administration of the
third dose of the vaccine, the antibody titer was low and
amounted to 323.5 U/mL in the group of PCa patients aged
50-59 years and 218.9 U/mL in the group aged 60-78 years,
respectively; in principle, it did not differ significantly from
the antibody titer 9 months after the last dose of vaccine.
However, in men from the control group, the decline in
antibody titer was slower. A significant decrease in titer was
observed 12 months after the third dose of vaccine.

Table 3. Comparison of the dynamics of anti-SARS CoV-2 antibodies in

the control group according to age

RESULTS

In the group of prostate cancer patients, the decline

in antibody titer was faster compared to the control
group (Figure 2). This is especially noticeable in the
group of older patients, i.e., those aged 60-78.

The exact values of antibody titers at each stage
of the study are presented in Table 2 (among PCa

Age 50-59 60-78
Time of last dose
vaccine (months) 3 5 g iz 3 5 g iz
Antibody levels 931.0 | 752.0 | 655.0 | 374.2 | 892.3 | 666.0 | 511.6 | 366.9

Y + 73.8 |+ 123.0[+ 150.6| £ 78.2 [+ 127.5|+ 147.1|+ 153.0[ + 95.5

0.0001* 0.0001*
0.0001* 0.0001*
p value
0.0001*
0.0001*

patients) and in Table 3 (in the control group). In
the period from 3 to 6 months, and also from 6 to 9
months after vaccination, a statistically significant decrease
in antibody titer was observed in both the 50-59 and 60-78
age groups (p <0.0001).

a) Pprostate cancer patients 50 - 59 b) Control group 50-59
1500 1500
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10004 « 1000
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Time after last dose vaccine (months) Time after last dose vaccine (months)

c) Prostate cancer patients 60-78 d)
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Time after last dose vaccine (months) Time after last dose vaccine (months)

Figure 2. Anti-SARS CoV-2 antibody titer 3, 6, 9 and 12 months
after the last (third) vaccine dose in PCa patients (red color) and
control group (blue color) by age. a) PCa patients aged 50-69;
b) Control group aged 50-69; c¢) PCa patients aged 60-78;
d) Controls 60-78; Kruskal-Wallis Test; **** p <0.0001

Table 2. Comparison of the dynamics of anti-SARS CoV-2 antibodies in

PCa patients according to age

*statistically significant, chi-square test

Next, we wanted to check whether the dynamics of anti-
bodies after vaccination depends on the stage of cancer
advancement. We included Gleason Score (Figure 3a) and
T stage (Figure 3b). As the analysis showed, 3 months after
vaccination, the level of anti-SARS-CoV-2 antibodies was
similar in the GS 8-9 and GS 6-7 groups. However, in the
following months, the antibody titer decreased much faster
in the group of patients with a Gleason score of 8-9, reaching
values significantly lower than in the group of patients with
a GS of 6-7. This difference was statistically significant
(p <0.0001).
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Figure 3. Anti-SARS CoV-2 antibody titer 3, 6, 9 and 12 months
after the last (third) vaccine dose: a) in relation to Gleason Score
(GS) Kruskal-Wallis Test; **** p <0.0001; b) in relation to T stage.
Mann-Whitney test; red color — T2 stage, blue color — T1 stage;
4 5=0.0001; * p=0.01

Among the examined patients, the majority of patients,
55.7%, were diagnosed with stage T1, and 44.3% —
T2. Three months after the last dose of vaccine, the
level of anti-SARS-CoV-2 antibodies was lower in

Ay Tm— 50-59 60-78 the T2 phase (p=0.0001). Six months after vaccina-
Time of last dose | 5 . 5 i 3 p 5 2 tion, antibody levels were also lower in the T2 group
vaccine (months) _

Antibody levels | 783:3 | 5405 | 383.4 | 323.5 | 682.4 | 347.2 | 258.6 | 218.9 ® .0'0103.)' However, af.ter 9 and 12 month.s, the
Y + 178.0]+ 219.6/+ 187.7| + 84.8 |+ 260.5]+ 138.3|+ 91.6 |+ 43.1| antibody titer was only slightly lower, and this dif-
0.0001* 0.0001* ference was no longer statistically significant. We then

0.0049* 0.0001* compared whether there was a difference in the level

pvalue 0.5704 of antibodies between the GS 6/7 and GS 8/9 groups
0.1094 as well as between the T1 and T2 groups subsequent

*statistically significant, chi-square test

months after the third dose of vaccine (Table 4).
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Table 4. Differences in antibody levels between: GS 8/9 vs GS 6/7
and T1 vs T2 - Statistical significance analysis

. Gleason Score (GS) T stage
e | e T
p value p value
3 <0.0001* <0.0001*
6 0.0001%* 0.0103 *
9 0.0004* 0.0569
12 0.5827 0.8827

*statistically significant; Mann-Whitney Test

DISCUSSION

After the introduction of vaccinations against COVID-19
on a global scale, many independent scientific centers con-
ducted studies aimed at examining the humoral response
to vaccination of selected subpopulations [18,19]. Some
studies have shown that both the innate and adaptive
immune responses are weaker in men [20,21]. Weakened
immunity of cancer patients increases the risk of exposure
to infections, including SARS-CoV-2 [22-24]. Moreover,
observations conducted in various countries have shown that
men are more susceptible to severe COVID-19 than women,
require ICU treatment twice as often, and the risk of death is
30% higher than in a comparative group of women [25,26].
Therefore, cancer patients became eligible for COVID-19
vaccination as soon as vaccines became available. The first
vaccinations against COVID-19 began in Poland at the
end of December 2020 as part of the National Vaccination
Program with the Comirnaty vaccine.

The immune response after vaccination against SARS-
CoV-2 in patients with solid tumors has been described by
many researchers, noting the relatively low titer of antibod-
ies in cancer patients compared to a healthy, age-matched
control group [27,28]. The humoral response increases
with the number of doses administered [29-31]. There are
not many studies in the scientific medical literature on the
dynamics of anti-SARS-CoV-2 antibodies, however, after
vaccination in cancer patients. To the best of our knowl-
edge, these are the first studies assessing the dynamics of
anti-SARS-CoV-2 antibodies within a year after administer-
ing three doses of the COVID-19 vaccine in Polish cancer
patients.

A similar study was undertaken by Swadzba et al. [32],
who conducted research among Polish health care workers
vaccinated against COVID-19. Two years after admin-
istration of the first dose of the vaccine, the presence of
anti-SARS-CoV-2 antibodies was detected in 100% of the
subjects; their level was high then decreased slightly. In turn,
interesting observations were made by Harrache et al. [33],
who stated that the kinetics of anti-SARS-CoV-2 antibodies
is influenced by the type and number of vaccine doses, as
well as clinical and demographic factors, such as age.

Administration of the third dose of the mRNA vaccine
was found to significantly increase antibody titers and
extended their half-life. Similarly, all patients we studied
were vaccinated with three doses of the Pfizer-BioNTech
vaccine. Yorsaeng et al. [12], examining the Thai popula-
tion, showed that people who received only two doses of
the vaccine had lower levels of anti-RBD IgG antibodies,
which decreased rapidly over time. Similiarly, the study by

Naaber et al. [34] showed a strong initial vaccine response
after two doses of the Pfizer-BioNTech Comirnaty vaccine,
which declined six months after vaccination.

Our observations showed that in PCa patients, the
decrease in antibody titer was faster than in the control
group, which is particularly visible among older patients,
i.e., aged 60-78. Twelve months after administration of the
third dose of the vaccine, the level of antibodies was low
in both age groups. Moreover, our results indicate a rela-
tionship between antibody dynamics and cancer stage. As
the analysis showed, 3 months after vaccination, the level
of anti-SARS-CoV-2 antibodies was similar in the GS 8-9
and GS 6-7 groups. However, in the following months, the
antibody titer decreased much faster in the group of patients
with a Gleason score of 8-9, reaching values significantly
lower than in the group of patients with a GS of 6-7. There-
fore, it seems that PCa patients should be vaccinated with
a booster dose more often than once a year.

The limitation of our study was the relatively small
number of patients, which resulted from the adopted criteria
for qualifying people for the study. We did not assess
antibody levels after each dose of vaccine or before admin-
istering subsequent doses. This was dictated by the research
goals, which were to answer the question: how long does
humoral immunity last after three doses of the COVID-19
vaccine? We only analyzed humoral immunity. In the future,
it would be worth assessing the cellular response as well.
Therefore, further research is also needed to develop the
best preventive strategy for patients with solid organ cancer.

CONCLUSIONS

According to our findings that in the following months,
the antibody titer decreased much faster in PCa patients than
in people from the healthy control group, it seems reason-
able to ask whether PCa patients should be vaccinated with
a booster dose more often than once a year.

INFORMED CONSENT STATEMENT

Written informed consent has been obtained from the patients
to publish this paper.

ORCID iDs

Aleksander Michalski ©https://orcid.org/0000-0002-2517-8492
Katarzyna Drop ©https://orcid.org/0000-0001-6485-3238
Mirostaw Jarosz (@https://orcid.org/0000-0002-8163-3437
Malgorzata Polz-Dacewicz
https://orcid.org/0000-0002-3222-184X

REFERENCES

1. ZhuN, Zhang D, Wang W, Li X, Yang B, Song J, et al. China novel
coronavirus investigating and research team. A novel coronavirus
from patients with pneumonia in China, 2019. N Engl ] Med.
2020;382(8):727-33.

2. Tan W, Zhao X, Ma X, Wang W, Niu P, Xu W, et al. A novel
coronavirus genome identified in a cluster of pneumonia cases -
Wuhan, China 2019-2020. China CDC Wkly. 2020;2(4):61-2.

3. WHO COVID-19 Dashboard. [https://covid19.who.int/] (access: 20
November 2024).

Current Issues in Pharmacy and Medical Sciences



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Aleksander Michalski, Jacek Kis, Katarzyna Drop, Miroslaw Jarosz, Malgorzata Polz-Dacewicz

Assiri AM, Alamaa T, Elenezi F, Alsagheir A, Alzubaidi L, Tleyjeh I
et al. Unveiling the clinical spectrum of post-COVID-19 conditions:
Assessment and recommended strategies. Cureus. 2024;16(1):e52827.
Nalbandian A, Sehgal K, Gupta A, Madhavan MV, McGroder
C, Stevens JS, et al. Post-acute COVID-19 syndrome. Nat Med.
2021;27(4):601-15.

Stengel A, Malek N, Zipfel S, Goepel S. Long haulers-what is the
evidence for post-COVID fatigue? Front Psychiatry. 2021;12:677934.
Ma CK, Castro J, Lambrou AS, Rose EB, Cook PW, Batra D, et
al. Genomic surveillance for SARS-CoV-2 variants: Circulation
of omicron XBB and JN.1 lineages — United States, May 2023 —
September 2024. MMWR. 2024;73(42):938-45.

Liu L, Iketani S, Guo Y, Chan JF, Wang M, Liu L, et al. Striking
antibody evasion manifested by the Omicron variant of SARS-CoV-2.
Nature. 2022;602:676-81.

Madewell Z], Yang Y, Longini IM, Halloran ME, Dean NE.
Household secondary attack rates of SARS-CoV-2 by variant and
vaccination status. JAMA Netw Open. 2022;5:€229317.

Andrews N, Stowe J, Kirsebom F, Toffa S, Sachdeva R, Gower, C et al.
Effectiveness of COVID-19 booster vaccines against COVID-19-
related symptoms, hospitalization and death in England. Nat Med.
2022;28:831-7.

Zuo F, Abolhassani H, Du L, Piralla A, Bertoglio F, de Campos-
Mata L, et al. Heterologous immunization with inactivated vaccine
followed by mRNA-booster elicits strong immunity against SARS-
CoV-2 Omicron variant. Nat Commun. 2022;13:2670.

Yorsaeng R, Atsawawaranunt K, Suntronwong N, Kanokudom S,
Chansaenroj ], Assawakosri S, et al. SARS-CoV-2 antibody dynamics
after COVID-19 vaccination and infection: A real-world cross-
sectional analysis. Vaccines. 2023;11:1184.

Yang Y, Yang M, Peng Y, Liang Y, Wei J, Xing L, et al. Longitudinal
analysis of antibody dynamics in COVID-19 convalescents reveals
neutralizing responses up to 16 months after infection. Nat
Microbiol. 2022;7:423-33.

World Health Organization. Cancer Tomorrow. [https://gco.iarc.fr/
tomorrow/] (access: 21 November 2024).

Didkowska JA, Wojciechowska U, Baranska K, Miklewska M,
Michatek I, Olasek P. Cancer in Poland in 2021. Polish National
Cancer Registry. Warsaw; 2023. [www.onkologia.org.pl] (access:
21 November 2024).

Wang L, Lu B, He M, Wang Y, Wang Z, Du L. Prostate Cancer
incidence and mortality: Global status and temporal trends in 89
countries from 2000 to 2019. Front Public Health. 2022;10:811044.

Blaszczuk A, Sikora D, Kis$ J, Stepien E, Drop B, Polz-Dacewicz M.
Humoral response after SARS-CoV-2 vaccination in prostate cancer
patients. Vaccines (Basel). 2023;11(4):770.

Ward H, Whitaker M, Flower B, Tang SN, Atchison A, Darzi A, et
al. Population antibody responses following COVID-19 vaccination
in 212,102 individuals. Nat Commun. 2022;13:907.

Guiomar R, Santos AJ, Melo AM, Costa I, Matos R, Rodrigues AP, et
al. Monitoring of SARS-CoV-2 specific antibodies after vaccination.
Vaccines. 2022;10:154.

Xia HJ, Zhang H, Wang RR, Zheng YT. The influence of age and
sex on the cell counts of peripheral blood leukocyte subpopulations
in Chinese rhesus macaques. Cell Mol Immunol. 2009;6(6):433-40,

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

Villacres MC, Longmate ], Auge C, Diamond DJ. Predominant type
1 CMV-specific memory T-helper response in humans: Evidence
for gender differences in cytokine secretion. Hum Immunol.
2004;65(5):476-485.

Patel RH, Vanaparthy R, Greene JN. COVID-19 in immuno-
compromised cancer patients: a case series and review of the
literature. Cancer Control. 2021;28:1-7.

Esperanga-Martins M, Gongalves L, Soares-Pinho I, Gomes A,
Serrano M, Blankenhaus B, et al. Humoral immune response of
SARS-CoV-2 - Infected patients with cancer: Influencing factors
and mechanisms. Oncologist. 2021;26:1619-32.

Steele RW. Managing infection in cancer patients and other
immunocompromised children. Ochsner J. 2012;12:202-10.
Bischof E, Wolfe J, Klein SL. Clinical trials for COVID-19 should
include sex as a variable. J Clin Invest. 2020;130:3350-2.

Peckham H, de Gruijter NM, Raine C, Radziszewska A, Ciurtin C,
Wedderburn LR, et al. Male sex identified by global COVID-19 meta-
analysis as a risk factor for death and ITU admission. Nat Commun.
2020;11:6317.

Hall VG, Ferreira VH, Ierullo M, Ku T, Marinelli T, Majchrzak-
Kita B et al. Humoral and cellular immune response and safety
of two-dose SARS- CoV-2 mRNA-1273 vaccine in solid organ
transplant recipients. Am J Transplant. 2021;21:3980-9.

Mehrabi Nejad MM, Moosaie F, Dehghanbanadaki H, Haji Ghadery
A, Shabani M, Tabary M, et al. Inmunogenicity of COVID-19 mRNA
vaccines in immunocompromised patients: A systematic review and
meta-analysis. Eur ] Med Res. 2021;27:23.

Macrae K, Martinez-Cajas J, Bessai K, Abdulhamed A, Gong Y.
Quantitative analysis of SARS-CoV-2 antibody levels in cancer
patients post three doses of immunization and prior to breakthrough
COVID-19 infections. Curr Oncol. 2022;29:7059-71.

Barrié¢re J, Carles M, Audigier-Valette C, Re D, Adjtoutah Z, Seitz-
Polski B, Gounant V, et al. Third dose of anti-SARS-CoV-2 vaccine
for patients with cancer: Should humoral responses be monitored?
A position article. Eur ] Cancer. 2022;162:182-93.

Becerril-Gaitan A, Vaca-Cartagena BF, Ferrigno AS, Mesa-Chavez
F, Barrientos-Gutiérrez T, Tagliamento M, et al. Immunogenicity
and risk of Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2) infection after Coronavirus Disease 2019 (COVID-19)
vaccination in patients with cancer: a systematic review and meta-
analysis. Eur ] Cancer. 2022;160:243-60.

Swadzba J, Panek A, Wasowicz P, Anyszek T, Martin E. High
concentration of anti-SARS-CoV-2 antibodies 2 years after
COVID-19 vaccination stems not only from boosters but also from
widespread, often unrecognized, contact with the virus. Vaccines.
2024;12:471.

Harrache A, Saker K, Mokdad B, Generenaz L, Saade C, Pons S,
et al. Anti-RBD IgG dynamics following infection or vaccination.
Vaccine. 2024;42(26):126464.

Naaber P, Tserel L, Kangro K, Sep E, Jurjenson V, Adamson A, et
al. Dynamics of antibody response to BNT162b2 vaccine after six
months: a longitudinal prospective study. Lancet. 2021;10:100208.



