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Abstract

Objectives: The effect of concomitant steroid use on the antibody response to a SARS-CoV-2 vaccine in patients with prostate cancer
(PC) remains unknown. We aimed to evaluate the rates of antispike immunoglobulin G (IgG) antibody response to the BNT162b2 mRNA
vaccine in patients with PC using steroids.

Methods: This cross-sectional study conducted from June 21, 2021 to January 5, 2022 included 215 patients with PC who received the
second dose of the BNT162b2 mRNA vaccine at least 7 days before the measurement of titers of IgG antibodies against the receptor-bind-
ing domain of SARS-CoV-2 spike (S) protein. We compared the rate of anti-SARS-CoV-2 S IgG >15 U/mL between patients with or with-
out concomitant steroid use.

Results: Of 215, we identified 33 patients who had concomitant steroid use. Of these, 12 and 21 patients were metastatic castration-sen-
sitive PC and castration-resistant PC (CRPC), respectively. Patients with concomitant steroid use had a significantly lower rate of antibody
titer >15 U/mL than those without steroid use (82% vs. 95%, P =0.021). Patients with CRPC with concomitant steroid use (n =21) also had
a lower rate of antibody titer >15 U/mL (71%) than those without steroid use (93%, P =0.051), although this was not statistically different.
Increased number of systemic treatments administered after diagnosis of CRPC (3 lines or more) were significantly associated with antibody
titers <15 U/mL (97% vs. 77%, P <0.001).

Conclusion: The humoral response to the BNT162b2 mRNA vaccine was significantly lower in patients with concomitant steroid use.
Anti-SARS-CoV-2 S antibody titers were affected by CRPC status, the accumulation of post-CRPC treatments, and steroid use. © 2022
Elsevier Inc. All rights reserved.
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1. Introduction

Patients under active treatment for solid cancer are at
high risk for severe symptoms of coronavirus disease 2019
(COVID-19) [1]. Steroids are one of the immunosuppres-
sive agents frequently administered in patients with
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metastatic prostate cancer (PC) [2], and these are frequently
used in patients with castration-resistant prostate cancer
(CRPC), which is recognized as an aggressive form of the
disease resulting in poor survival [3—9]. Steroid use has
been associated with an impaired humoral response to the
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) messenger RNA (mRNA) vaccines in patients with
cancer [10—12]. However, the effect of concomitant steroid
use on the antibody response to a SARS-CoV-2 vaccine in
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patients with PC remains unknown. We hypothesized that
concomitant use of steroids might be associated with
impaired humoral response to a SARS-CoV-2 vaccine.
Hence, this study aimed to evaluate the rates of anti-spike
antibody response to the BNT162b2 mRNA vaccine, a
SARS-CoV-2 vaccine, in patients with PC.

2. Materials and methods

2.1 . Ethics statement

This cross-sectional study was approved by the institu-
tional review board ethics committee of Hirosaki University
(2021-089). All participants provided written informed con-
sent for other biomarker studies. With approval, additional
informed consent for COVID-19 study was waived.

2.2 . Participants

This study included patients with PC who received the
second dose of the BNT162b2 vaccine at least 7 days before
the analysis between June 21, 2021, and January 4, 2022 at
Hirosaki University Hospital. Those with previous SARS-
CoV-2 infection or blood samples within 7 days after the
second dose of BNT162b2 were excluded.

Using the medical records, we recorded the clinical
parameters of age, disease status (CRPC or non-CRPC),
metastatic status (MO or M1), type of treatment at vaccina-
tion (observation alone, androgen deprivation therapy
alone, androgen deprivation therapy androgen receptor-
axis-targeted therapy, and systemic chemotherapy), con-
comitant steroid use, number of systemic treatments admin-
istered after diagnosis of CRPC, lymphocyte counts, time
from CRPC diagnosis to vaccination, and months from the
first and second doses of BNT162b2 vaccination.

2.3. Measurement of anti-SARS-CoV-2 IgG antibody titers

Blood samples for regular examination were cross-sec-
tionally obtained. The titers of the immunoglobulin G (IgG)
antibodies against the SARS-CoV-2 spike (S) receptor-
binding domain were determined using the Elecsys anti-
SARS-CoV-2 S RUO (Covas 8000/e 801; Roche-Diagnos-
tics, Mélan, France) as described previously [13,14]. We
used IgG titers of 15 U/mL or more, which is sufficient for
the presence of neutralizing antibodies, as a cutoff value in
this study.

3. Outcomes

We compared the titers of anti-SARS-CoV-2 S IgG
>15 U/mL between patients without CRPC and with CRPC
and between patients with or without concomitant use of
steroids.

3.1. Statistical analysis

Qualitative and quantitative variables were described as
numbers with percentages and medians with interquartile
ranges (IQRs), respectively. The Fisher’s exact test, Mann
—Whitney U test, and Student’s test-test were used for the
statistical comparisons between the groups, as appropriate.
All statistical analyses were performed using BellCurve for
Excel 3.10 (Social Survey Research Information, Tokyo,
Japan) and GraphPad Prism 7.00 (GraphPad Software, San
Diego, CA, USA).

4. Results

A total of 232 patients were screened, and we enrolled
215 patients with a median age of 75 years (IQR: 71, 81).
Based on the symptom diagnosis, there were no patients
with symptomatic SARS-CoV-2 infection in this cohort.
There were 119 patients with localized PC, 34 with meta-
static castration-sensitive PC (mCSPC), 16 with nonmeta-
static castration-resistant PC (nmCRPC), and 46 with
metastatic CRPC (mCRPC) (Fig. 1A). The patient demo-
graphics and background data are described in Table 1.
There were 80 (37.2%) and 153 (71.2%) patients with dis-
tant metastasis and androgen deprivation therapy, respec-
tively. No patient received the vaccine during docetaxel
treatment. The number of patients with a history of doce-
taxel was 16. As we obtained blood samples at least 7 days
after the second vaccine dose, the median days after the sec-
ond vaccine dose was 39 (IQR: 19, 77 days). The rates of
antibody titer >15 U/mL in localized patients with PC,
mCSPC, nmCRPC, mCRPC were 98%, 97%, 94%, and
82%, respectively (Fig. 1B). There was no significant dif-
ference in the antibody titers (Fig. S1A) and the rate of anti-
body titer >15 U/mL (Fig. S1B) between the localized PC
with ADT (n=59) and without ADT (n=60). The association
of antibody titer and postvaccine periods (months) is also
shown (Fig. 1C). In the linear regression model, correlation
coefficient (R) values in the localized PC (n=119), mCSPC
(n=34), and CRPC (n=62) were 0.02 (no correlation,
P=0.817), 0.30 (weak correlation, P=0.076), and 0.30
(weak correlation, P =0.019), respectively. There is a sig-
nificant correlation between antibody titer and time after
administration of the vaccine in the patients with CRPC.
Patients with CRPC (n = 62) had significantly lower rates of
lower rate of antibody titer >15 U/mL than those with non-
CRPC (Fig. 1D; 86% vs. 97%, P =0.002).

Among 215 patients, 33 (15%) had concomitant use of
steroids (median prednisone dose: 5 mg, range: 2.5—10 mg)
(Fig. 2A). The rates of antibody titer >15 U/mL in patients
with concomitant use of steroids (82%) were significantly
lower than those without concomitant use of steroids (95%)
(Fig. 2B, P=0.021). The association of antibody titer and
postvaccine periods was shown (Fig. 2C). In the linear
regression model, correlation coefficient (R) values in the
steroids (-) (n = 182) and steroids (+) (n = 33) were 0.04 (no
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Fig. 1. Anti-SARS-CoV-2 S IgG titer in patients with prostate cancer according to disease status. A: Distribution of patients. B Anti-SARS-CoV-2 S
IgG titer by the disease status. C: The association of antibody titer and postvaccine periods by the disease status. D: The rate of antibody titer >15 U/mL

between the patients without CRPC and with CRPC. PC: prostate cancer, CRPC:

castration-resistant prostate cancer, mCSPC: metastatic castration-sensitive

prostate cancer, nmCRPC: nonmetastatic castration-resistant prostate cancer, nCRPC: metastatic castration-resistant prostate cancer.

correlation, P =0.553), 0.39 (weak correlation, P =0.024),
respectively. There is a significant correlation between anti-
body titer and time after administration of the vaccine in the
patients with steroids (+). Of 33 patients with concomitant
steroids (+), we compared the background between patients
with antibody titer <15 (n=6) and >15 (n=27) U/mL.
There was no significant difference in age >80 years, meta-
static disease, CRPC status, the use of chemotherapy at the
mRNA vaccination, and the number of systemic treatments
> 3 lines between the groups, while CRPC status (100% vs.
56%, P =0.065) and the number of systemic treatments >3
lines (83% vs. 41%, P =0.085) showed a trend of likely dif-
ferences (Fig, 2D).

Among 215 patients, 12 (5.6%) were cases of mCSPC
with concomitant steroid use, and 21 (9.8%) were cases of
CRPC with concomitant steroid use (Fig. 3A). There were
no significant differences in the rate of antibody titer
>15 U/mL between patients with and without concomitant
steroid use (100% vs. 96%) (Fig. 3B, P =1.000). Patients
with CRPC and concomitant steroid use had a lower rate of
antibody titer >15 U/mL (71%) than those without steroid
use (92%), but this finding was not statistically different
(Fig. 3B, P=0.051). The association of antibody titer and
postvaccine periods is shown (Fig. 3C). In the linear regres-
sion model, correlation coefficient (R) values in the mCSPC
without steroids (n=22), mCSPC with steroids (n=12),

Table 1.
Background of patients.
nonCRPC CRPC P value Steroids (-) Steroids (+) P value
N 153 62 182 33
Age, years (IQR) 75 (71, 81) 77 (72, 82) 0.292 75 (71, 82) 74 (70, 79) 0.256
Androgen deprivation therapy, n 93 (61%) 60 (100%) <0.001 120 (66%) 33 (100%) <0.001
Metastatic disease, n 34 (22%) 46 (74%) <0.001 48 (26%) 31 (94%) <0.001
CRPC, n 0 62 (100%) 41 (23%) 21 (64%) <0.001
Treatment at the BNT162b2 vaccine, n
Androgen receptor-axis-targeted therapies (ARAT) 23 (15%) 36 (58%) <0.001 34 (19%) 12 (36%) 0.023
Chemotherapy 0 (0%) 14 (23%) 9 (4.9%) 7 (21%) 0.004
Concomitant use of steroids 12 (7.8%) 21 (34%) <0.001 0 33 (100%)
Number of treatment lines after CRPC (IQR) 0(0,0) 2(2,4) <0.001 0(0,0) 2(0,4) <0.001
Anti-SARS-CoV-2 antibody, U/mL, (IQR) 353 (173, 822) 289 (132, 7679) 0.348 352 (182, 828) 169 (49, 646) 0.004
Time from 1st BNT162b2 vaccine dose (months) 2.1(1.4,3.3) 1.9(1.3,3.1) 0.570 2.0(1.3,3.2) 2.1(14,34) 0.320

Abbreviations: IQR= interquartile range, CRPC=castration-resistant prostate cancer.
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Fig. 2. Anti-SARS-CoV-2 S IgG titer in patients with prostate cancer according to concomitant steroid use. A: Distribution of patients. B Comparison
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and 3 or more were 97%, 93%, and 77%, respectively. The
patients with the increased number of systemic treatments
administered after diagnosis of CRPC (3 lines or more) had
a significantly lower prevalence of antibody titer
<15 U/mL (n=23/30, 77%) than others (n=178/185, 97%)
(P<0.001, Fig. 3D). Of 21 patients with CRPC with con-
comitant steroid use, we compared the background between
patients with antibody titer <15 (n=6) and >15 (n=15) U/
mL. There was no significant difference in age >80 years
(33% vs. 20%, respectively, P =0.597), metastatic disease,
(83% vs. 93%, respectively, P=0.500), the use of chemo-
therapy at the mRNA vaccination (33% vs. 13%, respec-
tively, P =0.544), and the number of systemic treatments >
3 lines (83% vs. 73%, respectively, P=1.000) between
patients with antibody titer <15 and >15 U/mL.

Of 13 patients with antibody titers < 15 U/mL, the pro-
portion of patients with age 80 or older, metastatic disease,
CRPC status, steroids use, docetaxel at the mRNA vaccine,
and accumulation of systemic treatments 3 lines or more
were 38%, 69%, 69%, 46%, 31%, and 62%, respectively

Table 2.

Multivariable logistic regression analysis for antibody titers < 15 U/mL.
Pvalue OR  95%CI

Age Continuous  0.323 1.05 0.95-1.16

Steroids use Yes 0.226 2.43 0.58-10.2

Metastatic disease Yes 0.657 1.42 0.30—6.16

Number of systemic treatments ~ 0—7 0.012 144 1.08-1.16

lines after CRPC*

* Number of systemic treatments lines after CRPC is zero in the case of
nonCRPC, OR= odds ratio, CI= confidence interval.

(Fig. 4). The median anti-SARS-CoV-2 S IgG titer in those
patients was 8.5 (IQR: 6.8, 11) U/mL. We found no signifi-
cant association between the duration of CRPC and anti-
body titers (Fig. S1C, R=0.140, P=0.283), between the
lymphocyte counts and antibody titers (Fig. S1D,
P =0.077), between the lymphocyte counts and CRPC (Fig.
S1E, P=0.481), and between the lymphocyte counts and
steroids (Fig. S1F, P=0.108).

We evaluated the factors associated with antibody titer
<15 U/mL by multivariable logistic regression analysis.
The accumulation of number of systemic treatments was
significantly associated with poor response to mRNA vac-
cine (odds ratio 1.44, P=0.012, Table 2).

5. Discussion

Considering the current pandemic, studying the immu-
nological response to the SARS-CoV-2 messenger RNA
vaccine is especially important. Patients treated for solid
tumors showed an impaired response (90%—95.2%) after
receiving the second BNT162b2 dose [11,12]. However,
the response of patients with advanced PC who were receiv-
ing androgen deprivation therapy with or without steroids
remains unreported. Steroids have a significant influence on
the T cell-mediated immune response, especially CD4-posi-
tive helper T cells [15]. Helper T cells are responsible for
infectious immunity against intracellular parasites, fungi,
and viruses, making patients more susceptible to opportu-
nistic infections. Steroids also decrease neutrophil migra-
tion capacity, B cell function, and immunoglobulins [16].
Thus, there is a theoretical risk between steroid administra-
tion and reduced efficacy. A previous study suggested abir-
aterone plus steroids or enzalutamide use does not impair
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immunological response to COVID-19 vaccination in
patients with PC (n=25), but the association of hormonal
response and disease status (CRPC or not) was not included
[17]. Our study revealed that most patients with PC exhib-
ited an adequate antibody response to the BNT162b2 vac-
cine, but the concomitant use of steroids related to CRPC
status had a significant impact on the antibody response to a
SARS-CoV-2 vaccine. We found that nonresponders were
common among patients with CRPC using steroids. Con-
versely, all patients with CRPC treated with upfront abira-
terone acetate plus prednisone (5 mg) (n=12) were
seropositive. Therefore, after SARS-CoV-2 vaccination,
patients with CRPC receiving steroids may have impaired
immunogenicity caused by an immunosuppressed state
caused by intensive anticancer therapy.

The association between steroid use and antibody
response in other diseases needs to be discussed. A recent
study evaluating the effects of corticosteroid use (median
30 mg prednisolone equivalents, IQR 20-71.3 mg) on the
humoral response of ChAdOx1 nCoV-19 vaccine (Oxford/
Astra Zeneca COVID-19 vaccine) in healthcare workers
suggested that there was no significant difference in anti-
body concentration between the steroid user and non-users
[18]. Furthermore, the other study investigated the effect of
active anticancer therapy on the humoral response to the
BNT162b2 vaccine in patients with urothelial and renal cell
carcinoma [14]. They reported antibody titers were not sig-
nificantly deteriorated in patients with steroid treatment for
immune-related adverse events. Moreover, organ transplant
recipients receiving multidrug immunosuppressive therapy
are known to have significantly suppressed immune
responses to mRINA vaccines [13,19]. It is reported that not
the dose alone but the cumulative dose is considered impor-
tant for estimating the risk of infection from steroids (the
risk associated with 5mg prednisolone taken for the last
3 years was similar to that associated with 30 mg taken for
a month) [20]. Considering the current body of evidence,
not the steroids use alone but the accumulation of factors
causing immunodeficiency might be greatly associated with
impaired humoral response. Therefore, older age, a con-
sumptive state with cancer progression, and exhaustion
from the accumulation of CRPC treatment might be related
to impaired humoral response to mRNA vaccines [14].
However, the mechanism of the influence of castration sta-
tus on antibody response remains unknown. Further studies
are needed to address these issues.

Although we observed that 29% of the patients with both
CRPC and concomitant steroid use had lower anti-SARS-
CoV-2 S IgG antibody (<15 U/mL), the effectiveness of
SARS-CoV-2 vaccines cannot be measured solely by anti-
body titers [21]. Antibody and T-cell responses are neces-
sary to protect against infection. A previous study found
that, in immunocompromised kidney transplant recipients
after the 2nd dose, antibody response was only induced in
17.8%, whereas an antispike T cell-specific response was
induced in 51.1% [22]. Furthermore, among patients on

hemodialysis, specific humoral and cellular responses were
observed in 88.9% and 100%, respectively, after the second
dose. These observations suggest that the acquisition of cel-
lular immunity correlates with antibody titers, but the posi-
tive response rate of cellular immunity may be higher than
that of antibody titers. Thus, it is important to evaluate the
T cell response in individuals with impaired immunogenic-
ity.

The limitations of the present study include its cross-sec-
tional evaluation, retrospective study design, and small
sample size. The multivariable logistic regression analysis
might be underpowered due to the small sample size. We
could not address the impact of the difference of post-vac-
cine periods on humoral response among the groups. The
definition of anti-SARS-CoV-2 IgG seropositivity varied
across these studies because of differences in measurement
methods. Furthermore, the efficacy of Pfizer/BioNTech
BNT162b2 for the Omicron variant is limited because it
can escape antibody neutralization from the Pfizer—BioN-
Tech BNT162b2 mRNA vaccine (effectiveness against
COVID-19 hospitalization: 70%, 95% CI: 62—76) [23—25]
As the Omicron variant is rapidly becoming the dominant
SARS-CoV-2 virus, the utility of the present study might
be limited. Furthermore, there are still several issues that
remain unknown regarding the protective levels of antibod-
ies for COVID-19. The measurement of antibody titers is
only one way to assess the immunologic response to vacci-
nation; the acquisition of cellular immunity is also impor-
tant to protect against infection. Further research is needed
to investigate the duration of immunity under steroid use,
the effect of decreased titers on the protective activity for
breakthrough infections, and the efficacy of a 3rd vaccina-
tion dose in patients with CRPC and an impaired humoral
response.

6. Conclusion

The humoral response to the BNT162b2 mRNA vaccine
was significantly lower in patients with concomitant steroid
use. Anti-SARS-CoV-2 S IgG titer was affected by CRPC
status, the accumulation of post-CRPC treatments, and ste-
roid use.
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