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This study was conducted to investigate potential differences in vaccine efficacy be-
tween patients undergoing palliative chemotherapy and receiving adjuvant chemo-
therapy. Additionally, the study proved the influence of vaccination timing on vaccine 
efficacy during active chemotherapy. Anti-receptor-binding domain (RBD) IgG binding 
antibody assays and surrogate neutralizing antibody assays were performed after 
BNT162b2 or mRNA-1273 vaccination in 45 solid cancer patients (23 adjuvant and 22 
palliative chemotherapy) and in 24 healthy controls before vaccination (baseline), at 
every two to four weeks after the first (post-dose 1) and the second vaccination (post-dose 
2). The levels of anti-RBD IgG and neutralizing antibodies increased significantly from 
baseline through post-dose 1 to post-dose 2 in all three groups. At the post-dose 1, the 
anti-RBD IgG and neutralizing antibody levels were significantly lower in cancer pa-
tients than in healthy controls. However, by post-dose 2, the seropositivity of anti-RBD 
IgG and neutralizing antibodies uniformly reached 100% across all groups, with no sig-
nificant disparity in antibody levels among the three groups. Moreover, the antibody 
titers were not significantly different between patients with a vaccine and chemo-
therapy interval of more than 14 days or those with less than 14 days. This study demon-
strated that after second doses of mRNA COVID-19 vaccines, humoral immune re-
sponses in patients receiving chemotherapy were comparable to those of healthy con-
trols, regardless of whether the purpose of the anti-cancer treatment was palliative 
or adjuvant. Furthermore, the timing of vaccination did not affect the level of humoral 
immunity after the second vaccination.
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INTRODUCTION

Patients with cancer have a higher risk of severe corona-
virus disease (COVID-19) and associated mortality than 
the general population.1 Owing to this increased risk, pa-
tients with cancer have been prioritized for COVID-19 vac-
cination globally, for both primary and booster vaccinations. 
However, data on the COVID-19 vaccine in cancer pop-
ulations are still limited. In patients with solid cancers, 
some studies have found that COVID-19 vaccines have 
similar immunogenicity relative to the general popula-
tion,2-4 but other studies have demonstrated lower im-
munogenicity in cancer patients relative to that in healthy 
controls.5-7 Obtaining consistent results for COVID-19 vac-
cine-related immunogenicity in patients with solid cancers 
might be difficult because of variations in several factors, 
such as cancer types, disease status, and anticancer the-
rapy. In terms of therapeutic intent, chemotherapy can be 
divided into two primary categories: adjuvant and pal-
liative. Adjuvant chemotherapy aims to minimize recur-
rence by eradicating residual cancer following primary in-
terventions such as surgery. As a result, this modality is 
administered for a predetermined period of time. Con-
versely, palliative chemotherapy is used to reduce tumor 
size with the goal of relieving symptoms in stages that are 
considered incurable. Such treatment is often characte-
rized by a relatively high tumor burden and prolonged che-
motherapy duration. Consequently, patients undergoing 
palliative chemotherapy are postulated to have more im-
paired immune function. To date, few studies have com-
pared immunogenicity based on how long chemotherapy 
lasted or how the cancer progressed.8 Thus, we undertook 
a study to investigate potential differences in vaccine effi-
cacy between patients undergoing palliative chemotherapy 
and those receiving adjuvant chemotherapy. 

Distinct from conventional vaccines, COVID-19 vaccines 
are recommended to be given during active chemotherapy 
regardless of when the chemotherapeutic agents are ad-
ministered.9 However, there are no studies that have eval-
uated the optimal timing of COVID-19 vaccination in can-
cer patients. In addressing this gap, we investigated the ef-
fect of vaccination timing on vaccine efficacy in patients un-
dergoing active chemotherapy.

MATERIALS AND METHODS

1. Participants and study design
This prospective study was conducted at three cancer 

centers and one general hospital in South Korea from July 
2021 through February 2022. This study was approved by 
the Institutional Review Board of Chonnam National Uni-
versity Hwasun Hospital (CNUHH-2021-124), Chonnam 
National University Bitgoeul Hospital (CNUBH-2021-014), 
Chungnam National University Sejong Hospital (CNUSH 
2021-07-013), and Soonchunhyang University Hospital 
Cheonan (SUCH 2021-07-039). All participants gave their 
consent to participate by signing the informed consent 

form.
Three groups of participants were enrolled: control in-

dividuals without any cancer or other known immuno-
logical disorders, patients with solid cancers undergoing 
adjuvant chemotherapy, and patients with solid cancers 
undergoing palliative chemotherapy. Adjuvant chemo-
therapy was defined as chemotherapy given additionally 
after attempted curative surgery. Palliative chemotherapy 
was defined as chemotherapy given in the non-curative set-
ting to optimize symptom control, improve quality of life, 
and extend survival. Cancer patients who received their 
most recent chemotherapy administration within 4 weeks 
of mRNA vaccination were enrolled. In all groups, indi-
viduals with a history of severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) infection were excluded. After 
enrollment, participants received two doses of the COVID-19 
mRNA vaccines (0.3 mL of BNT162b2 or 0.5 mL of mRNA- 
1273) 3 to 6 weeks apart. Public healthcare system author-
ities designed the vaccination program; hence, we could not 
control the vaccination interval or the timing of vaccine ad-
ministration within the anticancer therapy schedule. Three 
blood samples were obtained from each participant: the 
first sample before vaccination (baseline), the second sam-
ple at 2 to 4 weeks after the first vaccination (post-dose 1), 
and the third sample at 2 to 4 weeks after the second vacci-
nation (post-dose 2) (Fig. 1). 

2. Sample size estimation
The primary objective of this study was to evaluate 

whether the humoral response to the COVID-19 mRNA 
vaccine in patients with solid tumors receiving palliative 
or adjuvant chemotherapy was non-inferior to controls. 
Based on previous reports, the estimated seroconversion 
rates following the administration of two doses of the 
BNT162b2 or mRNA-1273 vaccines were 100% in healthy 
individuals and 95% in cancer patients.2,4 With a non-in-
feriority margin of 20% and a power of 90% at a two-sided 
alpha level of 0.05 using Fisher’s exact test, each group re-
quired the enrollment of at least 19 subjects. Assuming a 
dropout rate of approximately 10%, the calculated mini-
mum sample size was 21 subjects in each group. 

3. Measurements of humoral antibody responses
1) Binding antibody assay: Elecsys Anti-SARS-CoV-2 is 

an electrochemiluminescence immunoassay that uses re-
combinant nucleocapsid (N) protein to detect IgM and IgG 
antibodies against SARS-CoV-2 with Cobas e801 immuno-
assay analyzers (Roche Diagnostics, Basel, Switzerland). 
N-antibody tests were performed on each participant’s first 
and last samples to rule out resolving or past SARS-CoV-2 
infections.10 The manufacturer’s suggested threshold for 
positivity was a 1.0 cut-off index.

SARS-CoV-2 IgG II Quant, a chemiluminescent micro-
particle immunoassay, quantitatively detects IgG anti-
bodies that target the receptor-binding domain (RBD) of 
spike (S) protein using the ARCHITECT i2000 System 
(Abbott Laboratories, IL, USA). Binding antibody units 
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FIG. 1. Study design and schematic diagram of sample collection before and after vaccination. *One patient in the adjuvant group was 
enrolled after the first vaccination without baseline sampling.

(BAU)/mL, the standard units proposed by the World 
Health Organization (WHO) for anti-spike and anti-RBD 
IgG,11 were calculated by applying the conversion factor as 
recommended by the manufacturers: BAU/mL=0.142×ar-
bitrary units (AU)/mL. RBD-IgG binding antibody test re-
sults were interpreted as positive if the signal value was 
≥7.1 BAU/mL (equal to 50.0 AU/mL).

2) Neutralizing antibody assay: The SARS-CoV-2 cPass 
Surrogate Virus Neutralization Test (sVNT) (Genscript 
Biotech Co., NJ, USA) was performed using a ThunderBolt 
ELISA Analyzer (Gold Standard Diagnostics, CA, USA). In 
this competitive assay, human angiotensin-converting en-
zyme 2 (ACE-2) was attached to the solid phase, while per-
oxidase-conjugated RBD was present in the liquid phase. 
If the human serum contained RBD-targeting neutralizing 
antibodies, binding of RBD to ACE-2 was inhibited, and the 
final color reaction was weaker than in RBD-antibody-free 
serum samples.12 Plates were read at 450 nm, and the 
% inhibition was calculated using the following formula: 
% inhibition=[1−(sample optical density value/negative 
control optical density value)]×100. International units 
(IU)/mL, the standard units proposed by the WHO for neu-
tralization titers,11 were calculated using the Excel-based 
conversion tool provided by the manufacturers.13,14 Accord-
ing to the manufacturer’s instructions, test results were in-
terpreted as positive if they showed values ≥28.4 IU/mL 
(equal to 30% inhibition).

4. Statistical analysis
All statistical analyses were performed using SPSS 

Statistics for Windows, version 25.0 (IBM Corp., Armonk, 
NY). Categorical variables are reported as numbers and 
percentages of participants, and continuous variables are 
expressed as medians and interquartile ranges (IQRs). 
Comparisons of categorical variables were performed us-
ing chi-square tests or Fisher exact tests, as appropriate. 

Mann-Whitney or Kruskal-Wallis tests were used for com-
parisons of continuous variables. A two-sided p＜0.05 was 
considered statistically significant.

RESULTS

1. Demographics and clinical characteristics
There were 24, 23, and 22 participants in the control, ad-

juvant, and palliative chemotherapy groups, respectively. 
Baseline blood samples were drawn for all participants ex-
cept for one patient in the adjuvant group enrolled after re-
ceiving the first vaccine dose without baseline sampling. 
All participants were SARS-CoV-2-naïve throughout the 
study, as determined by the negative anti-N antibody tests 
at the times of the first and last samples. The demographic 
and clinical characteristics of each group are shown in 
Table 1. There were no significant differences among the 
groups regarding age, gender, body mass index, comorbid-
ities other than cancer, or distribution of the COVID-19 
mRNA vaccine types. The duration of chemotherapy prior 
to the first vaccine administration was significantly longer 
in the palliative group (median days, IQR, 308.0 (174.0- 
502.5) vs. 10.5 (31.8-150.0), p＜0.001). In the palliative 
group, the most common anticancer treatment was cyto-
toxic chemotherapy plus targeted therapy (59.1%), where-
as cytotoxic chemotherapy alone (82.6%) was the most com-
mon in the adjuvant group. The median intervals from the 
day of administration of any anticancer therapy to the first 
vaccine were longer in palliative group compared to ad-
juvant group (median, IQR 4 (0-10.5) vs. 12 (8-15.0), p=0.002). 
And the interval from the second vaccine to administration 
of any cancer therapy after vaccine was also longer in pal-
liative group compared to adjuvant group (1 (0-6.0) vs. 9.0 
(4.3-12.8), p=0.015). The median days from the first vacci-
nation to sample collection was 24 days (IQR, 20.8-27.3) in 
the palliative group, which was significantly longer than 
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TABLE 1. Demographic and clinical characteristics of healthy controls and patients with solid cancers receiving adjuvant or palliative
chemotherapy

Healthy controls Adjuvant group Palliative group p*

N 24 23 22
Age, year, median (IQR) 53.0 (51.0-56.5) 52.0 (49.0-57.0) 52.5 (48.5-57.0) 0.728
Female, n (%) 13 (58.3) 12 (52.2) 7 (31.8) 0.174
Body mass index, median (IQR) 23.9 (22.2-28.2) 24.0 (21.3-26.5) 24.1 (21.4-25.7) 0.994
Comorbidity, n (%)
    Diabetes 2 (8.3) 5 (21.7) 2 (9.1) 0.316
    Hypertension 3 (12.5) 7 (30.4) 6 (27.3) 0.298
    Ischemic heart disease 0 1 (4.3) 0 0.363
    Cerebrovascular disease 1 (4.2) 0 0 0.386
Type of cancer, n (%) 0.160
    Gastrointestinal cancer - 20 (87.0) 15 (68.2)
    Urologic cancer - 0 (0) 4 (18.2)
    Hepatobiliary - 1 (4.3) 1 (4.5)
    Breast - 0 (0) 1 (4.5)
    Others - 2 (8.7)† 1 (4.5)‡

Length of chemotherapy before first vaccine dose, days, median 
(IQR)

105.0 (31.8-150.0) 308.0 (174.0-502.5) ＜0.001

Number of anticancer agents, n (%) 0.720
    One - 4 (17.4) 5 (22.7)
    Two or more - 19 (82.6) 17 (77.3)
Type of anticancer agents, n (%) ＜0.001
    Cytotoxic chemotherapy - 19 (82.6) 5 (22.7)
    Cytotoxic chemotherapy+targeted therapy§ - 4 (17.4) 13 (59.1)
    Targeted therapy - 0 (0) 2 (9.1)
    Anti-PD-1/PD-L1 inhibitor||+/− target therapy - 0 (0) 2 (9.1)
Other treatments, n (%)
    Radiation therapy within 3 months - 1 (4.3) 2 (9.1) 0.608
    Steroid treatment within 1 month - 16 (69.6) 16 (72.7) 1.000
    Surgery within 3 months - 13 (56.6) 1 (4.5) ＜0.001
Type of COVID-19 vaccine, n (%) 0.683
    BNT162b2 10 (41.7) 11 (47.8) 12 (54.5)
    mRNA-1273 14 (58.3) 12 (52.2) 10 (45.5)
Time interval between vaccine and chemotherapy, days, median (IQR)
    Prior chemotherapy to the first vaccine 4.0 (0-10.5)a 12.0 (8.0-15.0)b 0.002
    The first vaccine to the following chemotherapy 4.0 (0-9.5)c 5.0 (3.0-8.8)d 0.534
    Prior chemotherapy to the second vaccine 4.0 (0-12.0)e 9.0 (3.0-14.5)b 0.187
    The second vaccine to following chemotherapy 1.0 (0-6.0)f 9.0 (4.3-12.8)g 0.015
Time interval from the first to second vaccination, days, median (IQR) 42.0 (35.3-42.0) 42.0 (29.0-42.0) 42.0 (37.0-42.0) 0.346
    BNT162b2 42.0 (36.0-42.0) 42.0 (32.0-42.0) 42.0 (36.0-42.0) 0.691
    mRNA-1273 42.0 (28.0-42.0) 42.0 (28.3-42.0) 42.0 (28.0-42.0) 0.979
Time interval from vaccine to the measurement of humoral immune

response, days, median (IQR)
    The first vaccination to sample collection 18.0 (15.0-25.0) 18.0 (16.3-22.3) 24.0 (20.8-27.3) 0.025
    The second vaccination to sample collection 22.0 (19.0-26.0) 23.0 (17.3-24.8) 22.5 (19.8-27.0) 0.217

*Control vs. adjuvant vs. palliative chemotherapy group or adjuvant vs. palliative chemotherapy group. Comparisons of categorical 
variables were performed using Fisher exact tests or chi-square tests. Mann-Whitney or Kruskal-Wallis tests were used for comparing
continuous variables. A two-sided p-value＜0.05 was considered statistically significant; †Oropharyngeal cancer and non-small cell
lung cancer; ‡nasopharyngeal cancer; §bevacizumab, cetuximab, aflibercept, pazopanib, everolimus; ||nivolumab, atezolizumab. an=18,
one patient received the first vaccine before chemotherapy started. Data of 4 patients for chemotherapeutic agent administration day
were not available; bn=21, data of one patient for chemotherapeutic agent administration day were not available; cn=18, one patient
no longer received chemotherapy after the first vaccine. Data of 4 patients for chemotherapeutic agent administration day were not
available; dn=20, one patient no longer received chemotherapy after the first vaccine. Data of one patient for chemotherapeutic agent
administration day were not available; en=19, data of 4 patients for chemotherapeutic agent administration day were not available; 
fn=16, three patients did not received chemotherapy after the second vaccine. Data of 4 patients for chemotherapeutic agent admin-
istration day were not available; gn=20, one patient did not received chemotherapy after the second vaccine. Data of one patient for
chemotherapeutic agent administration day were not available. COVID-19: Coronavirus disease 2019, IQR: interquartile range, N,
n: number, PD-1: programmed cell death protein 1, PD-L1: programmed death-ligand 1.
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FIG. 2. The serial changes of (A) anti-RBD IgG binding antibody and (B) neutralizing antibody levels before (baseline) and after the 
first (post-dose 1) and second (post-dose 2) vaccination of COVID-19 mRNA vaccines in the control, adjuvant, and palliative groups. 
The levels are on the logarithmic scale and indicated as a scatter dot-plot with median and interquartile ranges. The dotted lines are 
the threshold for positivity suggested by the manufacturers in conversion to the World Health Organization’s standard units (A: 7.1 
BAU/mL, B: 28.4 IU/mL). *p＜0.05; **p＜0.01; ***p＜0.001.

the 18 days (IQR, 16.3-22.3) in the adjuvant group (p= 
0.013) and the 18 days (IQR, 15.0-25.0) in the control group 
(p=0.023).

2. Humoral antibody responses after mRNA COVID-19 
vaccination
Fig. 2 and Supplementary Table 1 present the antibody 

levels of cancer patients and healthy controls regarding an-
ti-RBD IgG binding and neutralizing antibody responses 
after the first and second COVID-19 mRNA vaccine doses. 

1) Humoral antibody responses after the first COVID-19 
mRNA vaccine dose: After the first vaccine dose, serum 
samples were collected from 24 participants in the control 
group, 20 in the adjuvant group, and 18 in the palliative 
group. The levels of anti-RBD IgG antibody and neutraliz-
ing antibody significantly increased from baseline to post- 
dose 1 in healthy controls (median, 0.6 vs. 156.4 BAU/mL, 
p＜0.001; 22.8 vs. 100.3 IU/mL, p＜0.001), adjuvant group 
(0.5 vs. 16.5 BAU/mL, p＜0.001; 15.7 vs. 30.5 IU/mL, p＜ 

0.001), and palliative group (0.6 vs. 12.6 BAU/mL, p＜ 

0.001; 16.4 vs. 27.3 IU/mL, p＜0.001). The levels of an-
ti-RBD IgG antibody and neutralizing antibody were sig-
nificantly lower among cancer patients than controls 
(median, 13.3 vs. 156.4 BAU/mL, p＜0.001; 100.3 vs. 28.1 
IU/mL, p＜0.001). However, there were no significant dif-
ferences between the adjuvant and palliative groups in an-
ti-RBD IgG antibody and neutralizing antibody levels. The 
seroconversion rates of the adjuvant and palliative groups 
were significantly lower than that of the control group for 
anti-RBD IgG antibody (60.0% vs. 100%, p＜0.001; 55.6% 
vs. 100%, p＜0.001, respectively) and neutralizing anti-
body (55.0% vs. 95.8%, p=0.003; 38.9% vs. 95.8%, p＜0.001, 
respectively). The mRNA-1273 vaccine was associated 
with higher titers of anti-RBD IgG and neutralizing anti-

bodies than the BNT162b vaccine in both controls and can-
cer patients (Supplementary Table 1, Supplementary Fig. 
1). 

In the additional comparison of the characteristics be-
tween the seronegative and seropositive participants after 
the first mRNA vaccine dose, only the chemotherapy ad-
ministration was associated with inhibited antibody pro-
duction (Table 2). The type and number of chemothera-
peutic agents were not associated with antibody response 
in cancer patients. Although the mRNA-1273 vaccine was 
associated with higher titers of anti-RBD IgG than the 
BNT162b vaccine, the seropositivity rate was not affected 
by the type of vaccine. Whether the interval between vac-
cine administration and chemotherapy was longer than 14 
days also did not affect antibody positivity.

2) Humoral antibody responses after the second COVID-19 
mRNA vaccine dose: After the second vaccine dose, serum 
samples were collected from 24 participants in the control 
group, 20 in the adjuvant group, and 19 in the palliative 
group. The levels of anti-RBD IgG antibody and neutraliz-
ing antibody significantly increased from post-dose 1 to 
post-dose 2 in healthy controls (median, 156.4 vs. 2081.0 
BAU/mL, p＜0.001; 100.3 vs. 1244.6 IU/mL, p＜0.001), ad-
juvant group (16.5 vs. 1575.0 BAU/mL, p＜0.001; 30.5 vs. 
721.7 IU/mL, p＜0.001), and palliative group (12.6 vs. 
1005.0 BAU/mL, p＜0.001; 27.3 vs. 1118.0 IU/mL, p＜ 

0.001). Anti-RBD IgG and neutralizing antibody seroposi-
tivity were observed in all of these participants. The levels 
of anti-RBD IgG and neutralizing antibodies were com-
parable between the three groups. Noticeably, the anti- 
RBD IgG antibody titers in all groups were significantly 
higher in association with mRNA-1273 vaccination than 
with BNT162b2 vaccination (Supplementary Table 1, Sup-
plementary Fig. 1). In the control group, the neutralizing 
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TABLE 2. Evaluation of factors associated with seroconversion of anti-RBD IgG after the first COVID-19 mRNA vaccine dose

All participants Cancer patients

Seronegative Seropositive p* Seronegative Seropositive p*

N (%)    16 (25.8)    46 (74.2) -       16 (42.1)         22 (57.9) -
Age, y, median (IQR) 51.0 (49.3-56.8) 53.0 (50.0-57.0) 0.401    51.0 (49.3-56.8)   54.0 (48.8-57.3) 0.604
Female, n (%)      5 (31.3)    24 (52.2) 0.244         5 (31.3)         10 (45.5) 0.506
BMI, median (IQR) 24.2 (21.3-25.9) 24.1 (22.1-26.2) 0.809    24.2 (21.3-25.9)   25.0 (21.7-26.6) 0.647
Type of vaccine, n (%) 0.147 0.188
    BNT162b2    10 (62.5)    18 (39.1)       10 (62.5)           8 (33.3)
    mRNA-1273      6 (37.5)    28 (60.9)         6 (37.5)         14 (66.7)
Solid tumor with chemotherapy    16 (100)    22 (47.8) ＜0.001
Type of chemotherapy, n (%) 1.000
    Adjuvant         8 (50.0)         12 (54.5)
    Palliative         8 (50.0)         10 (45.5)
Number of chemotherapeutic agents, n (%) 0.706
    One         3 (18.8)           6 (27.3)
    Two or more       13 (81.3)         16 (72.7)
Fourteen or more days of interval from 

chemotherapy to the first vaccination
3/13** (23.1) 3/20*** (15.0) 0.659

Fourteen or more days of interval from the first
vaccination to the next chemotherapy

1/13** (7.7) 3/20*** (15.0) ＞0.9

*Comparisons of categorical variables were performed using the Fisher exact test. The Mann-Whitney test was used for comparing
continuous variables. **Data missing for 3 patients. ***Data missing for 2 patients. BMI: body mass index, IQR: interquartile range,
N, n: number.

antibody level in the mRNA-1273 vaccination was similar 
to that in the BNT162b2 vaccination. However, among can-
cer patients, the neutralizing antibody level in mRNA-1273 
vaccination was significantly higher than in BNT162b2 
vaccination (median, 1460.2 vs. 351.6 IU/mL, p=0.002). 
Moreover, among participants vaccinated with BNT162b2, 
the neutralizing antibody titers were significantly lower in 
the adjuvant group than in healthy controls (median, 322.1 
vs. 1073.0 IU/mL, p=0.022).

3. Timing of vaccination and humoral antibody responses 
In patients receiving chemotherapy, an inactivated vac-

cine is generally recommended between treatment cycles 
when immunosuppression from treatment is minimized, 
generally 2 weeks apart from chemotherapy.15 In the case 
of COVID-19 vaccines, there has been no study of the appro-
priate interval between chemotherapy and vaccination, 
but current guidelines recommend vaccination whenever 
possible, regardless of the interval between chemotherapy 
treatments.16 Therefore, we compared antibody responses 
between patients with a vaccine and chemotherapy inter-
val of more than 14 days and those with less than 14 days. 
Anti-RBD IgG binding antibody (median, 83.2 vs. 13.1 
BAU/mL, p=0.184) and neutralizing antibody levels (127.1 
vs. 28.0 IU/mL, p=0.119) tended to be higher in those who 
started chemotherapy more than 14 days after vaccination, 
but this was not statistically significant. The interval be-
tween the second dose and chemotherapy had no sig-
nificant effect on antibody levels measured after the second 
dose (Fig. 3, Supplementary Table 2). 

DISCUSSION

The efficacy of mRNA COVID-19 vaccination in cancer 
patients varies from study to study. A significant number 
of studies have shown that humoral immunity was com-
parable to that of healthy controls after two doses, similar 
to our results.2,17,18 However, other studies have shown low-
er immunogenicity in cancer patients compared to healthy 
controls.5-7 This difference is due to the heterogeneity of 
cancer patients, and for a comprehensive understanding 
of immunogenicity in cancer patients, it is necessary to con-
duct studies on a wide range of patients. In our study, we 
evaluated the vaccine immunogenicity in patients receiv-
ing palliative chemotherapy, who are presumed to have 
more compromised immune function due to the relatively 
high tumor burden and long duration of chemotherapy, and 
compared it to the adjuvant chemotherapy group and the 
healthy controls. Intriguingly, the humoral immune re-
actions showed no statistically significant variance be-
tween the three groups after the administration of two 
mRNA COVID-19 vaccine doses. This finding potentially 
offers clinicians and patients alike greater confidence in 
adopting the COVID-19 vaccination strategy.

We noted that anti-RBD IgG and neutralizing antibody 
levels were significantly lower in some cancer patients af-
ter the second vaccination, although the median titers were 
not statistically different from those of healthy controls. In 
addition, antibody titers following BNT162b2 vaccination 
were generally lower than those following mRNA-1273 
vaccination, consistent with previous studies,19,20 and the 
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FIG. 3. Comparison of (A) anti-RBD IgG binding antibody and (B) neutralizing antibody levels according to the interval between chemo-
therapy and vaccine after the first (post-dose 1) and second (post-dose 2) vaccination with COVID-19 mRNA vaccines.

disparity was more accentuated among cancer patients 
compared to healthy controls in our study. These observa-
tions underscore the potential influence of individual im-
mune status and vaccine type on vaccine-induced im-
munity in cancer patients and suggest the need for more 
sophisticated vaccine strategies for patients currently re-
ceiving chemotherapy.

Because of concerns about effectiveness, it has been ad-
vised that inactivated vaccines should be administered at 
least two weeks prior to any immunosuppression in cancer 
patients.15 Regarding the COVID-19 vaccine, expert con-
sensus recommends its administration irrespective of che-
motherapy schedules.9 However, thus far, no studies have 
analyzed the effect of the interval between COVID-19 vac-
cination and chemotherapy on vaccine efficacy. Our study 
examined post-vaccination antibody titers across two 
groups: those with an interval exceeding 14 days between 

vaccine and chemotherapy and those with a shorter gap. 
Antibody titers measured after the first vaccination tended 
to be higher when the interval between vaccination and 
chemotherapy was more than 14 days. However, this trend 
was not observed after the second dose. Although the small 
number of patients limits the interpretation of the results, 
our observation suggests that it is essential to complete the 
recommended number of vaccinations to compensate for 
impaired immunogenicity in cancer patients, in addition 
to determining the optimal timing of vaccination.

This study had several limitations. First, the sample size 
was small. Even though the sample size was calculated to 
show non-inferiority of immunogenicity in cancer patients, 
care must be taken when generalizing these results. Second, 
given that the participants voluntarily participated in the 
study, patients in relatively better condition than general 
cancer patients may have been included. Third, we used 
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humoral response as a surrogate for vaccine immuno-
genicity, but we did not check cellular immune response 
against the virus. Other limitations include the lack of data 
on the effectiveness of vaccination and antibody durability.

In conclusion, this study demonstrated that after second 
doses of mRNA COVID-19 vaccines, humoral immune re-
sponses in patients receiving chemotherapy were com-
parable to those of healthy controls, regardless of whether 
the purpose of the anti-cancer treatment is palliative or 
adjuvant. Furthermore, the level of humoral immunity af-
ter the second vaccination was not affected by timing of 
vaccination. These findings could provide important in-
formation to cancer patients and their physicians for the 
adopting COVID-19 vaccines.
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