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Abstract

Purpose Vaccination is an essential strategy to prevent infection in the SARS-CoV-2 pandemic. However, there are concerns
about vaccine efficacy and the impact of vaccination on cancer treatment. Additionally, the emergence of novel variants
may affect vaccination efficacy. This multi-center, prospective, observational study investigated the efficacy and impact of
vaccination against SARS-CoV-2 variants on treatment among breast cancer patients in Japan.

Methods Patients with breast cancer scheduled to be vaccinated with the SARS-CoV-2 vaccine from May to November 2021
were prospectively enrolled (UMIN000045527). They were stratified into five groups according to their cancer treatment:
no treatment, hormone therapy, anti-human epidermal growth factor receptor (HER)2 therapy, chemotherapy, and cyclin-
dependent kinase 4/6 (CDK4/6) inhibitor. Serum samples for assessing serological responses were collected before the first
vaccination and after the second vaccination.

Results Eighty-five breast cancer patients were included. The overall seroconversion rate after second vaccination was 95.3%
and the lowest seroconversion rate was 81.8% in the patients under chemotherapy. The overall positivity rate of neutralizing
antibodies against the wild-type, o, A, k, and omicron variants were 90.2%, 81.7%, 96.3%, 84.1%, and 8.5%, respectively.
Among the patients under chemotherapy or CDK4/6 inhibitors, various degrees of decreased neutralizing antibody titers
against SARS-CoV-2 variants were observed. Withdrawal or reduction of systemic therapy because of vaccination was
observed in only one patient.

Conclusion Our data support SARS-CoV-2 vaccination for breast cancer patients. However, a reduction in neutralizing
antibody titers was suggested during chemotherapy and CDK4/6 inhibitors, raising concerns about the impact on long-term
infection prevention.
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Introduction

The pandemic of acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) and the resulting worldwide spread
of coronavirus disease 2019 (COVID-19) promoted the
development of novel variants for host immune response
escape. The development of vaccines against SARS-CoV-2
has had a profound impact on the prevention of infec-
tion. The pivotal phase 3 trials of BNT162b2 vaccine and
mRNA-1273 vaccine against SARS-CoV-2 demonstrated
94.1%-95.0% efficacy at preventing COVID-19 including
severe disease [1, 2]. However, there is emerging concern
that SARS-CoV-2 variants with mutations in the S-protein
(S) receptor-binding domain (RBD) of SARS-CoV-2, the
target site of the vaccine, are more resistant to neutralizing
antibodies [3, 4].

Although patients with cancer represent an important
vulnerable group because of their immunological defi-
ciency, the pivotal trials of SARS-CoV-2 vaccines con-
tained few patients with cancer, and data on the efficacy
and immune response to SARS-CoV-2 vaccination in these
populations are lacking. While available studies demon-
strated that the immune response to COVID-19 vaccines
was attenuated in patients with hematological malignan-
cies compared with healthy individuals exhibiting lower
rates of seroconversion [5-9], the effect of cancer treat-
ment, especially cytotoxic chemotherapy, among patients
with solid malignant tumors is controversial. Currently,
breast cancer patients are treated with various types of
therapy including endocrine therapy, chemotherapy,
anti-human epidermal growth factor receptor 2 (HER2)
therapy, cyclin-dependent kinase 4/6 (CDK4/6) inhibi-
tors, immune check point inhibitors, and other molecu-
lar-targeted therapy. The effect of these various systemic
therapies on seroconversion and neutralizing antibody con-
centration is uncertain. The emergence of novel variants
also obscures the efficacy of vaccination. Although there
has been a report of decreased antibody titers against the
omicron variant in patients with cancer [10], the effect of
treatment on neutralizing antibody titers against each vari-
ant of SARS-CoV-2 remains unclear.

The adequate timing of SARS-CoV-2 vaccination
has been identified in terms of both the immunological
response and the effect of treatment schedule. While local
and systemic adverse effects of SARS-CoV-2 vaccina-
tion are common but are mainly low grade and of short
duration [8, 11], these adverse effects can have a negative
impact on cancer therapy by interrupting or delaying the
treatments due to adverse events themselves or concerns
regarding them. Especially in early breast cancer, low
relative dose intensity of chemotherapy reductions has a
negative impact on survival [12-14]. However, the effect
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of SARS-CoV-2 vaccination on clinical decisions for can-
cer treatment has been poorly studied. Considering the
appropriate timing of vaccination, it is necessary to study
the overall immunological response to the vaccine and its
impact on treatment.

Here, we conducted a multi-center prospective observa-
tional study to reveal the efficacy and impact of vaccina-
tion against SARS-CoV-2 on cancer treatment among breast
cancer patients. We also demonstrated the differences in
neutralizing activity in each cancer treatment group against
B.1.1.7 (a), B.1.617.2 (A), B.1.617.1 (x), and B.1.1.529
(omicron) variants compared with wild-type (WT) SARS-
CoV-2 variant.

Methods
Study design

This prospective observational study was designed to deter-
mine the serological change in IgG against S-protein antigen
after SARS-CoV-2 vaccination and the effect of vaccina-
tion on cancer treatment plans among breast cancer patients
(UMINO000045527). Eligible criteria were as follows: (1)
patients with histologically confirmed breast cancer; (2) age
above 20 years; (3) eligibility for SARS-CoV-2 vaccination;
and (4) patients without any SARS-CoV-2 vaccines before
participation in this study. Patients known to be previously
infected with COVID-19 virus were excluded.

Participants were recruited at Nagoya City University
Hospital (Aichi, Japan), Nagoya City University West
Medical Center (Aichi, Japan), Nagoya City University East
Medical Center (Aichi, Japan), Sapporo Medical Univer-
sity Hospital (Hokkaido, Japan), Akita University Hospital
(Akita, Japan), Mie University Hospital (Mie, Japan), and
Okayama University Hospital (Okayama, Japan) between
June 2021 and November 2021. Participants were assigned
to one of four groups according to the treatment that they
were receiving at the time of consent: no treatment, endo-
crine therapy (without any molecular-targeted therapies),
CDK4/6 inhibitors, or other treatments (including chemo-
therapy, anti-HER?2 therapy, and other molecular-targeted
therapies). The other treatment group was finally separated
into two groups that received only anti-HER?2 therapy (anti-
HER?2 therapy group) and those that did not (chemotherapy
group) at analysis. The total estimated enrollments were 100
patients. Clinical data and serum samples were collected at
baseline (within 1 month before the date of first vaccination)
and at post-vaccination (28 + 14 days after the second vacci-
nation). The primary outcome for this analysis was the con-
centration of anti-SARS-CoV-2 S-RBD IgG in patients at
28 days following the second dose of vaccine. The secondary
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outcomes were seroconversion rates and concentrations of
anti-SARS-CoV-2 IgG in each group, SARS-CoV-2 neu-
tralizing antibody titers against each SARS-CoV-2 variants
(WT, a, A, x, and omicron), and the rate of treatment delay
or reduction from first vaccination to post-vaccination.

Patient data

Demographic, epidemiological, and clinical data includ-
ing breast cancer stage and treatment history, and type of
vaccine were collected from the electronic patient records.
Concomitant medications were collected for corticosteroids.
When a physician decided to delay and reduce the treat-
ment dose, the reasons for this delay and reduction were
recorded from the following options: (1) concerns about
possible adverse events of vaccination; (2) adverse events
of vaccination; (3) adverse events of cancer treatment; and
(4) others. At the end of follow-up, the delay or reduction of
treatments was also recorded. To exclude the selective out-
come reporting bias, the data of treatment delay and reduc-
tion were obtained prospectively.

Serum isolation

Ten milliliters of blood were collected in serum coagulation
tubes for serum isolation and stored at 4 °C until processing.
All samples were processed within 24 h. Before processing,
tubes were brought to room temperature. Tubes were cen-
trifuged for 10 min at 3000xg at room temperature. Serum
was separated from the clotted portion, aliquoted, and stored
at—20 °C.

Anti-SARS-CoV-2 S-RBD IgG enzyme-linked
immunosorbent assay (ELISA)

To measure the IgG tilter at baseline and post-vaccination,
IgG for SARS-CoV-2 S-RBD in serum was measured with
an Anti-SARS-CoV-2 S-RBD protein Human IgG ELISA kit
(Proteintech, USA) according to the manufacturer’s protocol.
Briefly, each standard and diluted sample (1:100) with sample
diluent buffer was added to the wells in duplicate and plates
were incubated at room temperature for 30 min. After wash-
ing five times with washing buffer, plates were incubated with
horseradish peroxidase (HRP)-conjugated anti-human IgG
secondary antibody (100 pl) at room temperature for 30 min.
After washing five times with washing buffer, substrate tetra-
methylbenzidine (100 pl) was added to each well, and plates
were incubated at room temperature in the dark for 10 min in
the dark. Stop solution (100 pl) was added to stop the reaction.
Finally, absorbance was measured at 450 nm in an ELISA

reader (Infinite F50, Tecan). When the calculated value was
below the detection sensitivity, the concentration was consid-
ered as 0 ng/ml. The definition of seroconversion was positive
antibody concentration above the detection sensitivity after
vaccination from negative at baseline.

SARS-CoV-2 neutralizing antibody titer
against SARS-CoV-2 variants

Neutralizing antibody titers elicited by vaccination were ana-
lyzed with a SARS-CoV-2 Neutralizing Antibodies Detection
Kit (AdipoGen): wild type, B.1.1.7 variant (o), B.1.617.2
variant (A), and B.1.617.1 variant (x); and Anti-SARS-CoV-2
(B.1.529) Neutralizing Antibody Titer Serologic Assay Kit
(ACROBiosystems, USA): B.1.1.529 variant (omicron). Neu-
tralizing antibody titers against each variant were evaluated
using patient serum according to the manufacturer’s protocol.
Briefly, sera were diluted in preparation reagents (1:10). Sup-
plied positive and negative control samples and serum (100 pl)
were then added to wells coated with each variant RBD protein
in duplicate and incubated for 1 h at 37 °C. After washing
five times with washing buffer, plates were incubated with
angiotensin-converting enzyme (ACE) 2 (human)-HRP for 1 h
at 37 °C. After washing again five times with washing bulffer,
substrate tetramethylbenzidine (100 pl) was added to each well
and plates were incubated at room temperature for 10 min in
the dark. Stop solution (100 pl) was added to halt the reaction.
Finally, absorbance was measured at 450 nm in an ELISA
reader (Infinite F50, Tecan). The inhibition rate as neutralizing
antibody titer was calculated. The cutoff was defined as above
20%, as indicated in the manufacturer’s protocol.

Statistical analysis

1 test for categorical variables or the Kruskal-Wallis test for
continuous variables were performed to determine statistical
differences for patient characteristics. Kruskal-Wallis test was
performed to compare the concentrations of antibodies and the
titers of neutralizing antibodies against SARS-CoV-2 variants
in each group. Spearman’s correlation test was applied for the
correlation between white blood cell counts or lymphocyte
counts and the concentration of SARS-CoV-2 antibody. The
patients for which paired serum samples including loss of fol-
low-up were not available were excluded from all the analyses.
The patients who are seropositive of the baseline serum sample
were also excluded from all the analyses. P values <0.05 were
considered significant. All tests were performed in a two-sided
manner. Data analysis and statistical analysis were performed
in GraphPad Prism 9.
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Results
Patients’ characteristics

During the study period, a total of 98 breast cancer
patients with SARS-CoV-2 vaccination were enrolled.
According to the protocol, 13 patients were excluded
(death during the study period, n=1; lacking samples at
the time point of second vaccination, n=2; deviation in
timing of sample collection, n=9; and serological positiv-
ity of anti-SARS-CoV-2 IgG at the baseline, n=1), and,
finally, 85 patients were analyzed. Table 1 summarizes the
patients’ characteristics. The median age was 62.5 years
(range, 21-82 years). The median days between second
vaccination and the time point of post-vaccination was
30 days (range, 15-44 days), and the median days between
the first and second vaccinations and the date of last treat-
ment were both 0 days (ranges, 0—18 and 0-32 days,
respectively). Among all patients, 55.3% (n=47) were
early stage and 44.7% (n=38) were advanced stage or
had metastatic disease, and the CDK4/6 inhibitor, chemo-
therapy, and anti-HER?2 therapy groups had advanced or
metastatic disease more frequently than the no-treatment
and endocrine therapy groups. The types of SARS-CoV-2
vaccine administered were BNT162b2 (n=65, 76.5%) and
mRNA-1273 vaccine (n=3, 3.5%), and 21.2% (n=18)
were undetermined. The patients were assigned to the
no-treatment (n=15), endocrine therapy (n=30), CDK4/6
inhibitor (n=14), and other treatment (n=36) groups
including the chemotherapy group (n=21) and the anti-
HER?2 therapy group (n=15). Among the chemotherapy
group, anthracycline-based therapy (n=1, 4.8%), taxane
(n=11, 52.4%), cyclophosphamide—methotrexate—fluo-
rouracil (CMF) (n=3, 14.3%), oral 5-fluorouracil (n=6,
28.6%), and combination with anti-HER?2 therapy (n=7,
33.3%) were administered. During the study period, 16.5%
of patients (n=14) received corticosteroids, with signifi-
cantly more patients in the chemotherapy group receiv-
ing them than the other groups. The white blood cell
and lymphocyte counts at the baseline were significantly
different: the white blood cell counts were lower in the
CDK4/6 inhibitor group (median, 3100 counts/pul) and the
lymphocyte counts were lower in the chemotherapy group
(median, 692 counts/pl).

Antibody responses to vaccination
One patient was serologically positive for anti-SARS-
CoV-2 S-RBD immunoglobulin G (anti-SARS-CoV-2

IgG) at baseline, suggesting that this patient was previ-
ously infected without a history of infection in our cohort.
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Among 85 eligible patients, the median antibody con-
centration among all patients was 19,984 ng/pl (range,
0.0-99,405 ng/pl) at the time point of post-vaccination.
The median antibody concentration at the time point of
post-vaccination in the no-treatment, endocrine therapy,
CDK4/6 inhibitor, chemotherapy, and anti-HER2 ther-
apy groups was 31,814 ng/pl (range, 20,484-47,496 ng/
pl), 29,744 ng/pl (range, 1,455-99,405 ng/pl),
14,608 ng/pl (range, 2,574-61,098 ng/pl), 3,894 ng/
pl (range, 0-91,912 ng/pl), and 24,689 ng/pl (range,
3,292-94,790 ng/pl), respectively (Fig. 1a). The antibody
concentration in the chemotherapy group was significantly
decreased compared with that in the no-treatment group
(p=0.02). The total seroconversion rate was 95.3%. The
seroconversion rate in the no-treatment, endocrine therapy,
CDK4/6 inhibitor, chemotherapy, and anti-HER?2 therapy
groups was 100%, 100%, 100%, 81.8%, and 100%, respec-
tively (Fig. 1b). Breast cancer disease status at vaccina-
tion had no impact on the IgG concentration after vac-
cination (p =0.63; Fig. 1c). To investigate the effect of
corticosteroid administration in the chemotherapy group
during the study period, we compared anti-SARS-CoV-2
IgG concentration with and without corticosteroids. There
was no difference in the concentration between patients
with and without corticosteroids in the chemotherapy
group (p=0.21; Fig. 1d). Spearman’s correlation test
showed a positive correlation between total white blood
cell count (r=0.33, p=0.0028; Fig. 2a) and lymphocyte
counts (r=0.23, p=0.042; Fig. 2b) and the concentration
of anti-SARS-CoV-2 IgG.

Neutralizing antibody against SARS-CoV-2 variants

Functional humoral response after vaccination was assessed
by evaluating neutralizing antibody against SARS-CoV-2
variants from each group (no treatment, n=35; endocrine
therapy, n=26; CDK4/6 inhibitor, n=15; chemother-
apy, n=21; and anti-HER?2 therapy, n=15). Overall, we
observed that neutralizing antibody titers against a, A, «,
and omicron were significantly lower than WT (WT vs a,
p<0.0001; WT vs A, p=0.012; WT vs k, p=0.009; and
WT vs omicron, p<0.0001) (Fig. 3a). The neutralizing
antibody titers against each variant in the endocrine therapy
group and the anti-HER?2 therapy group were comparable
to the no-treatment group (Fig. 3b—f). There were signifi-
cant decreases in the antibody titers against WT (p =0.008)
and a (p =0.006) in the CDK4/6 inhibitor group compared
with those in the no-treatment group (Fig. 3b and Fig. 3c),
while there was a trend toward lower titers against other vari-
ants. In the chemotherapy group, the neutralizing antibody
titers against WT (p =0.001; Fig. 3b), o (p <0.001; Fig. 3c),
and x (p=0.03; Fig. 3e) were significantly lower than the
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Table 1 Patients’ characteristics

ALL % No treatment % Endocrine therapy %
N 85 5 30
Sex Female 85 100.0 5 100.0 30 100.0
Male 0 00 0 00 O 0.0
Age Median (range) 62.5 (21-82) 74 (68-82) 66 (46-82)
Days between second Median (range) 30 (15-44) 30 (23-44) 28 (19-41)
vaccination and post-
vaccination sampling
Days between first vac- Median (range) 0 (0-18) - 0 (0-0)
cination and date of last
treatment
Days between second vac- Median (range) 0(0-32) - 0 (0-0)
cination and date of last
treatment
Disease status at vaccina- Early 47 553 5 100.0 24 80.0
tion
Advanced / Metastatic 38 447 0 00 6 20.0
Treatment line in Median (range) 1 (1-10) - 1(1-3)
advanced/metastatic
disease
Ist 21 553 - 5 83.3
2nd 6 15.8 — 0.0
3rd~ 11 289 - 1 16.7
Performance status 0 56 659 2 40.0 20 66.7
1 5 59 0 0.0 33
Undetermined 24 282 3 60.0 9 30.0
SARS-CoV-2 vaccine BNT162b2 65 76.5 4 80.0 24 80.0
mRNA-1273 3 35 0 00 0 0.0
Undetermined 18 212 1 20.0 6 20.0
Type of anti-cancer treat- None 5 59 5 100.0 O 0.0
ment
Endocrine therapy SERM/SERD 9 10.6 0 00 7 233
Aromatase inhibitor 28 329 0 0.0 23 76.7
CDK4/6 inhibitors 14 16.5 0 0.0 0 0.0
Chemotherapy Anthracyclin based 1 12 0 00 0 0.0
Taxane based 11 129 0 0.0 0 0.0
CMF 3 35 0 0.0 0 0.0
Oral 5-fluorouracil 6 71 0 0.0 0 0.0
Anti-HER?2 antibody Trastuzumab/Pertuzumab 15 176 0 00 0 0.0
Trastuzumab emtansine 3 35 0 0.0 0 0.0
Trastuzumab deruxtecan 2 24 0 0.0 0 0.0
Anti-VEGF antibody 1 12 0 00 0 0.0
Other molecular-targeted 0 0.0 0 00 0 0.0
therapy
Corticosteroid Yes 14 165 0 0.0 1 33
No 71 835 5 100.0 29 96.7
White blood cell counts
Total Median (range) (counts/ 4,400 (1,900-8,000) 4,300 (3,500-6,300) 5,800 (3,200-8,000)
ph
Neutrophil Median (range) (counts/ 2,535 (114-5,944) 2,524 (2,055-3,245) 3,282 (1,980-5,944)
D)
Lymphocytes Median (range) (counts/ 1,332 (383-2,952) 1,320 (714-2,092) 1,773 (560-2,952)

1))
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Table 1 (continued)

CDK4/6 inhibitor % Chemotherapy % Anti-HER?2 therapy % P value
14 21 15
N 14 100.0 21 100.0 15 100.0
Sex Female 0 0.0 0 00 0 0.0
Male 53 (39-73) 54 (37-73) 55 (24-74) <0.001
Age Median (range) 27 (15-41) 30 (19-39) 20 (34-39) 0.58
Days between Median (range) 0 (0-0) 5 (0-15) 9 (3-18) <0.001
second vaccination
and post-vaccina-
tion sampling
Days between first Median (range) 0(0-7) 3(0-32) 8 (2-18) <0.001
vaccination and
date of last treat-
ment
Days between Median (range) 0 0.0 12 57.1 7 46.7 <0.001
second vaccination
and date of last
treatment
Disease status at Early 14 100.0 9 429 8 53.3
vaccination
Advanced / Meta- 2 (1-6) 1 (1-7) 1(1-10) 0.01
static
Treatment line in Median (range) 5 357 5 556 6 66.7
advanced/meta-
static disease
Ist 4 28.6 1 11.1 1 11.1
2nd 5 357 3 333 2 22.2
3rd ~ 8 57.1 16 76.2 10 66.7 0.21
Performance status 0 3 214 0 00 1 6.7
1 3 214 5 238 4 26.7 0.51
Undetermined 13 929 11 524 10 66.7
SARS-CoV-2 vac- BNT162b2 0 0.0 1 48 1 6.7
cine
mRNA-1273 1 7.1 6 28.6 4 26.7
Undetermined 0 0.0 0 0.0 0 0.0
Type of anti-cancer ~ None 9 643 0 00 0 0.0
treatment
Endocrine therapy SERM/SERD 5 357 0 0.0 1 6.7
Aromatase inhibitor 14 100.0 0 0.0 0 0.0
CDK4/6 inhibitors 0 00 1 48 0 0.0
Chemotherapy Anthracyclin based 0 0.0 11 524 0 0.0
Taxane based 0 0.0 3 143 0 0.0
CMF 0 0.0 6 28.6 0 0.0
Oral 5-fluorouracil 0 0.0 7 333 10 66.7
Anti-HER? antibody Trastuzumab/Pertu- 0 0.0 0 0.0 3 20.0
zumab
Trastuzumab emtan- 0 00 0 0.0 2 13.3
sine
Trastuzumab derux- 0 0.0 1 48 0 0.0
tecan
Anti-VEGF antibody 0 00 0 0.0 0 0.0
Other molecular- 0 0.0 11 524 2 133  <0.001
targeted therapy
Corticosteroid Yes 14 100.0 10 476 13 86.7
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Table 1 (continued)

CDK4/6 inhibitor % Chemotherapy % Anti-HER? therapy % P value
No
White blood cell 3,100 (1,800— 4,100 (1,900-7,700) 4,400 (2,700-7,000) <0.001
counts 10,800)

Total Median (range) 1,305 (726-5.994) 2,433 (114-5.343) 2,760 (1,312-4,508) <0.001
(counts/pl)

Neutrophil Median (range) 1,094 (577-2,840) 692 (383-2,887) 1,241 (409-2,821) <0.001
(counts/pl)

Lymphocytes Median (range)
(counts/pl)

& test for categorical variables or Kruskal-Wallis test for continuous variables were performed to determine statistical differences for patients’

characteristics

SERM Selective estrogen receptor modulator, SERD Selective estrogen receptor degrader, CDK4/6 Cyclin dependent kinase 4/6, CMF Cyclo-
phosphamide-methotrexate-fluorouracil, HER2 Human epidermal growth factor receptor 2, VEGF vascular endothelial growth factor

a ns

150000 ns

100000

(ng/ml)

50000

Anti-SARS-CoV-2 IgG concentration

(2]

Anti-SARS-CoV-2 IgG concentration

Early ALL 1st 2nd 3rd~

(n=47) (n=38) (n=21) (n=6) (n=11)

Advanced / Metastatic
(n=38)

Fig. 1 Anti-SARS-CoV-2 IgG concentration after second vaccina-
tion of the treatment groups. Anti-SARS-CoV-2 IgG concentrations
before vaccination and post-vaccination were measured by ELISA in
the no-treatment (n=>5), endocrine therapy (n=30), CDK4/6 inhibi-
tor (n=14), chemotherapy (n=21), and anti-HER2 therapy (n=15)
treatment groups (a). Anti-SARS-CoV-2 IgG seroconversion rates

b

_ 100+ —
s
o 80
o
& 60~
5
> 40+
c
o
Q
o 20
)
7]
0- T
QS &
> O
x$
éo
@0
d
150000 ns

= 100000

£

(2]

£

50000
AN
..
0 2=

Anti-SARS-CoV-2 IgG concentration

Corticosteroids
(n=11)

No corticosteroids
(n=10)

of the treatment groups (b). Anti-SARS-CoV-2 IgG concentration
by disease stage treatment lines for advanced/metastatic disease
(¢). Anti-SARS-CoV-2 IgG by administration of corticosteroids in
the chemotherapy group (d). Significance was tested by two-sided
Kruskal-Wallis test; p<0.05 was considered significant (ns; not sig-
nificant, *p <0.05)
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Fig.2 Correlation between peripheral white blood cell counts and
lymphocyte counts and concentration of SARS-CoV-2 antibody in
the CDK4/6 inhibitor and chemotherapy groups. Correlation between
white blood cell counts (a) and lymphocyte counts (b) (counts/pl)
before vaccination and concentration of SARS-CoV-2 IgG (ng/pl) at

no-treatment group. Overall positivity rates of neutralizing
antibodies against WT, a, A, x, and omicron were 90.2%,
81.7%, 96.3%, 84.1%, and 8.5%, respectively. Among 21
patients in the chemotherapy group, neutralizing antibody
titers against WT, a, A, k, and omicron were above the cutoff
in 66.7%, 66.7%, 81.0%, 47.6%, and 0.0% patients, respec-
tively. All patients in the no-treatment, endocrine therapy,
CDK4/6 inhibitor, and anti-HER?2 therapy groups showed
positive neutralizing antibodies against WT, o, A and «. The
positive rates of neutralizing antibodies against omicron in
the no-treatment, endocrine therapy, CDK4/6 inhibitor, and
anti-HER?2 therapy groups were 0.0%, 3.8%, 6.25%, and
33.3%, respectively (Fig. 3f).

Treatment delay and reduction
during peri-SARS-CoV-2 vaccination

Treatment delay and reduction information were obtained
from patients who received systemic therapy (Table 2).
Treatment delay or reduction between the study inclusion
date to post-vaccination was observed in 10.6% of patients
(n=9) because of concerns about possible vaccine adverse
events (n=1, 1.2%), adverse events from the treatment itself
(n=17, 8.2%), and treatment delay due to national holidays
(n=1, 1.2%). There was no patient who experienced a treat-
ment delay or reduction because of adverse events resulting
from vaccination. The rates of treatment delay or reduction
in the endocrine therapy, CDK4/6 inhibitor, chemotherapy,
and anti-HER2 therapy groups were 0.0%, 42.9%, 14.3%,
and 0.0%, respectively.
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Discussion

Our study demonstrated a high seroconversion rate of 95.3%
after second SARS-CoV-2 vaccination among breast cancer
patients. However, the lower titer against SARS-CoV-2 vari-
ants was also observed in the patients under chemotherapy
and CDK4/6 inhibitors compared with patients with no sys-
temic treatment. To our knowledge, this is the first report
that demonstrated decreased neutralizing antibody titers in
patients who were being treated with CDK4/6 inhibitors,
even though the seroconversion rate was comparable to
patients without systemic therapy. Additionally, the differ-
ent SARS-CoV-2 variants affected the neutralizing antibody
titers after vaccination, and, notably, two doses of the current
vaccine failed to elicit effective neutralizing antibody against
omicron regardless of their treatment.

Although our results of the seroconversion rates after
SARS-CoV-2 vaccination were comparable to previous
reports [6, 15, 16], the titer of neutralizing antibodies against
several variants in the chemotherapy and CDK4/6 inhibitors
groups was lower than in other groups, even in seropositive
patients. In an in vitro study, serum antibodies from vacci-
nated individuals showed good recognition of most SARS-
CoV-2 variants, but reduced inhibition of RBD-ACE2
binding [17]. Additionally, consistent with our results, the
CAPTURE study demonstrated that seroconversion showed
poor concordance with neutralizing antibody against SARS-
CoV-2 variants among patients with cancer [18]. While good
concordance was observed between the S-protein-reactive
antibodies and neutralizing antibody against WT, there
was discordance in the case of SARS-CoV-2 variants; for
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example, 55% patients with detectable anti-S-protein anti-
bodies had no detectable neutralizing antibody against A
after vaccination [18]. The impact of chemotherapy on vac-
cination effects is still controversial. Chemotherapy attenu-
ated immune responses after SARS-CoV-2 vaccination in
some reports [7, 19]. However, some studies reported that
chemotherapy did not affect the immune response to vacci-
nation [16, 18]. Moreover, the relationship between immune
response to vaccine and CDK4/6 inhibitors has been poorly
investigated. One study showed that immune response did
not differ between patients receiving CDK4/6 inhibitors and
healthy individuals, but the evaluation was undertaken after
the first vaccination [20]. Both chemotherapy and CDK4/6
inhibitors have common adverse events of leukopenia
and lymphopenia, which can lead to attenuated immune
responses to vaccination. Our study also demonstrated a
positive correlation between anti-SARS-CoV-2 antibody
concentration and the numbers of white blood cells and
lymphocytes. Previous reports described significant posi-
tive correlations between the antibody concentration and
lymphocyte counts in patients with cancer [18] and B cell
non-Hodgkin lymphoma [20], and in patients undergo-
ing maintenance hemodialysis [21]. Of note, B cells and
T cells play an important role in eliciting vaccine-specific
antibody responses by vaccination. The loss of vaccine-
specific antibody responses by B cell depletion has been
well described in studies of patients treated with anti-CD20
therapy [22-24]. Among breast cancer patients, memory B
cells were also transiently depleted after chemotherapy and
the CD4™" T cells were severely affected in both quantity and
quality for more than 5 years [25]. Additionally, a rhesus
macaque model treated with doxorubicin showed that vac-
cine-specific memory B cells were selectively depleted, and
it was implied that patients who loose protective antibod-
ies have a diminished bone marrow plasma cell pool [26].
Considering these findings, the attenuation of neutralizing
antibody titers in our study could be partially explained by
the fact that chemotherapy and CDK4/6 inhibitors reduced
the number of lymphocytes and the diversity of SARS-CoV-
2-specific B cells, which could lead to a decrease in antigen-
specific IgG and differences in neutralizing antibody titers
against various variants. To uncover the underlying mecha-
nism, further studies are needed. On the basis of our data
and these previous reports, white blood cell and lymphocyte
counts should be taken into account and the nadir period
should be avoided when considering the timing of vaccina-
tion to elicit the best immune response to the vaccine.
Current SARS-CoV-2 vaccines were designed to target
RBD in the S-protein of the B.1 variant, and the emergence
of variants such as the B, y, A, and omicron variants with
reduced susceptibility to vaccines has raised problems [10,
18, 27-29]. Our results also demonstrated that decreases
in neutralizing antibodies against a, A, k, and omicron

compared with WT. Among them, neutralizing antibody
against omicron was notably quite low, even in patients
with no treatment and endocrine therapy. In a study of virus
neutralization assays, omicron was shown to escape anti-
body neutralization by the vaccination [30]. However, the
contributions of a third vaccination to protection against
omicron is gradually being reported [31-33]. Recently, the
positive effect of neutralizing antibodies against omicron
after third vaccination among patients with cancer was also
reported even in a small population [10]. These findings
supported that patients with cancer are good candidates for
third booster vaccination, especially during the COVID-19
pandemic.

While the type of therapy has been shown to influence
patient response to vaccination, the appropriate timing
for SARS-CoV-2 vaccination in cancer patients receiving
systemic therapy is uncertain. Patients who are planning
to undergo chemotherapy are recommended to complete
vaccination for COVID-19 at least 2 weeks before starting
chemotherapy [34]. In patients participating in a phase 1
clinical trial of cytotoxic agents, vaccination 1-2 weeks
before or 1-2 weeks after drug dosing, when possible, is rec-
ommended to increase the potential for the immune system
to mount a response, while vaccination when available is
recommended in patients with treatment of targeted therapy,
hormone therapy, immunotherapy, and epigenetic therapy
[35]. In addition to the problem of immune response after
vaccination, delays in cancer treatment due to side effects or
concerns about side effects can also be a problem, although
local and systemic side effects of SARS-CoV-2 vaccination
are common but are mainly low grade and of short duration
and comparable in both patients with cancer and healthy
individuals [8, 11]. In our study, most physicians did not
issue instructions for dose reduction or withdrawal of can-
cer therapy before or after vaccination. Additionally, treat-
ment delay related to adverse events of vaccination was not
observed in our cohort. These findings suggested that SARS-
CoV-2 vaccination can be safely performed during cancer
treatment without attenuating treatment intensity.

There were some limitations in this study. First, we had
no data of protection against clinical SARS-CoV-2 infection
after vaccination due to the short follow-up. However, our
data implied a good impact on understanding the effect of
SARS-CoV-2 vaccination among patients with breast can-
cer because neutralizing antibody levels are highly predic-
tive of immune protection from symptomatic SARS-CoV-2
infection [36]. Second, we focused on the humoral immune
reaction using serum samples and did not evaluate B cell
and T cell responses against SARS-CoV-2 after vaccination.
In addition to B cells, T cells also play an important role
in the protection of SARS-CoV-2 infection after vaccina-
tion. Further studies including B cell and T cell responses
against SARS-CoV-2 variants after vaccination are needed.
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«Fig. 3 Neutralizing antibody titers against SARS-CoV-2 variants
after second vaccination of the treatment groups. Comparison of
neutralizing antibody titers against each variant compared with WT
(n=82) (a). Comparison of neutralizing antibody titers against WT
(b), @ (¢), A (d), x (e), and omicron (f) in each group (no treatment,
n=5; endocrine therapy, n=26; CDK4/6 inhibitor, n=15; chemo-
therapy, n=21; and anti-HER2 therapy, n=15) at the time point of
post-vaccination. Neutralizing antibody titers are represented as the
rate (%) of reaction inhibition between RBD protein of each vari-
ant and ACE-HRP with patient serum by ELISA. The dotted line at
20% denotes the cutoff point of neutralizing antibody. Neutralizing
antibody-positivity rates shown under each symbol for the group.
Significance in (a) to (f) was tested compared with the no-treatment
group by two-sided Kruskal-Wallis test; p<0.05 was considered
significant (ns; not significant, *p<0.05, **p<0.01, ***p<0.001,
*E¥p <0.0001). WT; wild type, o; o variant, d; A variant, k; K vari-
ant, and o; omicron variant.

Third, there were some missing data on the manufacturer of
the vaccine used. Additionally, a small number of patients
were vaccinated with mRNA-1273 vaccine because mRNA-
1273 was approved later than BNT162b vaccine in Japan.
Thus, we did not evaluate the efficacy between BNT162b2
and mRNA-1273 vaccines. Fourth, there was no compari-
son with a healthy population. In this study, we compared

Table 2 Delay or reduction in cancer treatment

antibody production in each treatment group, with the no-
treatment group as a control. Although comparison with a
healthy population would help to clarify the immunological
responses among patients with breast cancer, the current
results were nevertheless valuable for helping to compare the
impacts of each treatment. Finally, we did not obtain details
of the adverse effects of vaccination because, in many cases,
vaccination was performed at local sites rather than at the
hospital at which patients were being treated for cancer in
Japan. Physicians’ records of the reasons for treatment can
compensate for this missing data and these data suggested
that low frequency of severe adverse effects is enough to
cause treatment delay.

Conclusions

In conclusion, our data support SARS-CoV-2 vaccination
for cancer patients being treated with systemic therapy and
vaccination administered away from nadir during chemo-
therapy and CDK4/6 inhibitor treatment. Of note, neutral-
izing antibody titers against omicron were very low, even

Endocrine %
therapy

ALL %

CDK4/6
inhibitor

% Chemo- %
therapy

Anti-HER2 %
therapy

N 85 30 14

Treatment
delay or
reduction
peri-vacci-
nation
Yes 9 10.6 0 0.0
No 76 89.4 30 100.0 9

Reason for
treatment
delay or
reduction
Concerns 1 1.2 0 0.0 1
about
possible
adverse
events of
vaccina-
tion
Adverse 0 0.0 0 0.0 0
events of
vaccina-
tion
Adverse 7 8.2 0 0.0 4
events of
cancer
treatment

Others 1 1.2 0 0.0 1

21 15

429 3 14.3 0 0.0
64.3 18 85.7 15 100.0

7.1 0 0.0 0 0.0

0.0 0 0.0 0 0.0

28.6 3 14.3 0 0.0

7.1 0 0.0 0 0.0
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after two vaccinations among patients with or without can-
cer treatment. Furthermore, a reduction in neutralizing anti-
body titers was suggested during chemotherapy and CDK4/6
inhibitor treatment, raising concerns about the impact on
long-term infection prevention. For these patients, infection-
preventive behaviors should be recommended even after vac-
cination. They will also be good candidates for third booster
vaccination.
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