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abstract

PURPOSE The COVID-19 pandemic has affected public health worldwide. The efficacy and safety of COVID-19
vaccines have been evaluated in the general population; however, data on patients with malignancies are limited.

METHODS This prospective longitudinal observational cohort study was conducted between June and July 2021.
Enrolled adult patients with cancer were divided into chemotherapy and nonchemotherapy groups. All par-
ticipants were immunized with two doses of the ChAdOx1 nCoV-19 or CoronaVac COVID-19 vaccines. The
primary outcome was a comparison of the immunogenicity (as assessed by spike protein [anti-S] immuno-
globulin G [IgG] antibody titers) of two doses of COVID-19 vaccine in the chemotherapy and nonchemotherapy
groups. The secondary outcomes included the anti-S IgG seroconversion rate and vaccine safety in both groups.

RESULTS Among the 173 enrolled patients with solid cancer, after COVID-19 vaccination, the chemotherapy
group had a significantly lower median anti-S IgG titer than the nonchemotherapy group (26 v 237 U/mL,
P , .001). A statistically significant difference in anti-S IgG titer was found between groups vaccinated with
CoronaVac (7 v 90 U/mL, P , .001), but no difference was found in those vaccinated with ChAdOx1 nCoV-19
(818 v 1061 U/mL, P = .075). The anti-S IgG seroconversion rate was significantly lower in the chemotherapy
group than that in the nonchemotherapy group (78.9% v 96.5%, P = .001). No new or serious vaccine-related
adverse events were reported.

CONCLUSION Patients with solid cancer receiving a COVID-19 vaccine while undergoing chemotherapy had
lower immunogenicity responses to vaccination than those who were vaccinated while undergoing non-
chemotherapy treatment. No statistically significant difference was observed in the COVID-19 vaccine safety
profiles between groups.
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BACKGROUND

Since December 2019, the SARS-CoV-2 infec-
tion has spread globally, resulting in more than
249 million confirmed cases of COVID-19 disease
and more than 5 million associated deaths as of
December 2021.1

Cancer is known to be associated with immunosup-
pression. Patients with cancer have a higher mortality
rate from COVID-19 disease relative to the general
population.2,3 A systematic review and analysis of 52
studies reported a COVID-19mortality rate of up to 25%
in solid malignancy patients.4 A recent meta-analysis of
16 studies showed that chemotherapy within the
30 days before a COVID-19 diagnosis increased the risk
of death in patients with cancer.5

In the general population, COVID-19 vaccines have a
good safety profile and their efficacy against symptomatic
disease ranges from 60% to 94%; however, patients with
cancer, especially those receiving active treatment, were
mostly excluded from the pivotal studies that reached
these conclusions.6-10 A recent recommendation from
the National Comprehensive Cancer Network COVID-19
Vaccination Advisory Committee is that patients with solid
cancer should be immunized against COVID-19 disease
when the vaccine is available, whether they are currently
receiving active treatment.11

A previous prospective cohort study conducted on
140 patients with either solid (81%) or hematologic
malignancies who received either the BNT162b2
(mRNA-based) or mRNA-1273 COVID-19 vaccine
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showed an excellent anti–SARS-CoV-2 antibody serocon-
version rate of 94%. The levels of anti–SARS-CoV-2 antibody
were also assessed via the blood test in these populations;
the highest antibody levels were observed in patients un-
dergoing clinical surveillance or endocrine therapy, whereas
the lowest levels were found in patients treated with che-
motherapy or monoclonal antibody.12 Another retrospective
study was conducted on 326 patients with solid tumor
who were undergoing treatment with anticancer agents
(approximately two thirds of them were receiving chemo-
therapy). The median anti–SARS-CoV-2 immunoglobulin
G (IgG) antibody titer after two doses of the BNT162b2
vaccine was lower among patients with cancer than among

healthy adults (931 v 2,817 AU/mL, P = .003), and these
titers were also significantly different among subgroups of
patients undergoing different treatment types, specifically
chemotherapy, immune checkpoint inhibitors, or targeted
therapy (P = .002); however, only a small number of patients
received each treatment type.13

The compromised efficacy by chemotherapy has been
reported in the mRNA-based vaccine (BNT162b2 and
mRNA-1273).12,13 However, data on the efficacy and safety
of viral-vectored and inactivated viral COVID-19 vaccines in
immunocompromised patients, especially patients with
cancer, are lacking. The purpose of this study was to
compare the immunogenicity of the COVID-19 vaccination

CONTEXT

Key Objective
Our study evaluated whether the patient receiving chemotherapy should be immunized with COVID-19 vaccine.
Knowledge Generated
Patients with cancer receiving the COVID-19 vaccine demonstrated a significantly lower COVID-19 immune response in the

chemotherapy-treated group than in the nonchemotherapy-treated group. However, subgroup analysis found that a
diminished immune response was appealed only in patients receiving inactivated vaccines. In the chemotherapy-treated
group, the doxorubicin/cyclophosphamide regimen might have caused the lowest immune response.

Relevance
Oncologists should be aware of the lower immune response to the COVID-19 vaccine in chemotherapy patients, especially

those receiving the inactivated vaccine and doxorubicin/cyclophosphamide regimen. Therefore, proper timing, active
cancer treatment, and vaccine type are factors that should be considered when generating the greatest immune response
in this patient setting.

Assessable patients with 
solid cancer 

(N = 185)

In the CMT group 
(n = 83)

In the non-CMT group
(n = 90)

Missing data          (n = 9)
Lost to follow-up (n = 1)

Analyzed at 4 weeks after
complete vaccination

(n = 73)

Analyzed at 4 weeks after
complete vaccination

(n = 80)

Underwent CCRT                                         (n = 6)
Withdrew consent                                       (n = 5)
Prior received an anti COVID-19 vaccine    (n = 1)

Missing data             (n = 8)
COVID-19 infection    (n = 2)
Died from cancer    (n = 1)

FIG 1. CONSORT diagram. CCRT, concurrent chemoradiotherapy; CMT, chemotherapy; complete vaccination, two doses of the ChAdOx1 nCoV-
19 or CoronaVac vaccine; non-CMT, nonchemotherapy.
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TABLE 1. Demographic and Disease Characteristics of Patients With Cancer at Baseline (the first vaccination)
Characteristica Chemotherapy (n = 83) Nonchemotherapy (n = 90) P

Age, years 58.6 6 10.8 62.5 6 13.1 .032

Sex, No. (%)

Female 50 (60.2) 53 (58.9) .033

Male 33 (39.8) 37 (41.1)

BMI, kg/m2 23.3 6 4.2 24.0 6 4.7 .325

Nononcologic comorbidities, No. (%)

Diabetes mellitus 10 (12.1) 12 (13.3) .064

Hypertension 21 (25.3) 24 (26.7) .042

Hyperlipidemia 13 (15.7) 17 (18.9) .314

Cerebrovascular disease 0 3 (3.3) .247

Cardiovascular disease 3 (3.6) 3 (3.3) 1.000

Lung disease 2 (2.4) 1 (1.1) .608

Renal disease 3 (3.6) 5 (5.6) .722

Liver disease 3 (3.6) 4 (4.4) 1.000

Others 6 (7.2) 9 (10.0) .518

ECOG PS, No. (%)

0 17 (20.5) 25 (27.8) .446

1 55 (66.3) 56 (62.2)

2 11 (13.3) 8 (8.9)

3 0 1 (1.1)

Cancer information

Primary cancer locations, No. (%)

Breast 28 (33.7) 27 (30.0) , .001

Lung 12 (14.5) 25 (27.8)

Colon 33 (39.8) 12 (13.3)

Other 10 (12.1) 26 (28.9)

TNM staging, No. (%)

I 3 (3.6) 7 (7.8) .192

II 12 (14.5) 12 (13.3)

III 16 (19.3) 27 (30.0)

IV 52 (62.7) 44 (48.9)

Treatment information

Chemotherapy, No. (%)

Doxorubicin-based 13 (15.7) —

Taxane-based 14 (16.9) —

Platinum-based 8 (9.6) —

FU-based 41 (49.4) —

Others 7 (8.4) —

No. of current chemotherapy cyclesb 4 [2-6]

Systemic glucocorticoid usage

Dexamethasone, No. (%) 70 (84.3) —

Cumulative doses of dexamethasone, mg/cycle 20 [20-36] —

Prednisolone, No. (%) 3 (3.6) 4 (4.4) 1.000

Doses of prednisolone, mg/db 10 [7.5-10] 7.5 [3.25-10] .435

Nonchemotherapy, No. (%)

(Continued on following page)
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(with the ChAdOx1 nCoV-19 or Corona Vac vaccines) in
patients receiving chemotherapy and those undergoing
nonchemotherapy treatment.

METHODS

Study Design

A prospective longitudinal observational cohort study was
conducted at Chulabhorn Hospital, Bangkok, Thailand, from
June to July 2021. The chemotherapy group was defined as
those patients who received their first dose of COVID-19
vaccine while undergoing chemotherapy treatment or within
1 month from their last dose of chemotherapy, and the
nonchemotherapy group was defined as those patients
who received their first dose of COVID-19 vaccine while
undergoing targeted therapy, endocrine therapy, immu-
notherapy treatment, or clinical surveillance and had ei-
ther completed adjuvant or palliative chemotherapy for
.1 month but not more than 5 years before. Written in-
formed consent was obtained from all the patients. This
study was conducted in accordance with the Human
Research Ethics Committee of the Chulabhorn Research
Institute (reference No. 063/2564). This trial was regis-
tered with Thaiclinicaltrials.org (TCTR20221001004).

Patient Population

All patients with solid cancer who visited the Outpatient
Department of Medical Oncology at Chulabhorn Hospital
from June 7, 2021, to July 12, 2021, were considered for
study participation. Patients were eligible if they were age
18 years or older with histologically or cytologically con-
firmed solid malignancy, in either early or advanced stages,
with an Eastern Cooperative Oncology Group performance
status score of 0-3, and currently receiving systemic
anticancer therapy or on active surveillance/follow-up
within 5 years after completing cancer treatment. The
main exclusion criteria were hematologic malignancy,
concurrent chemoradiotherapy, an absolute neutrophil
count, 1,500 cells/µL and/or an platelet count, 100,000/
µL, expected life expectancy , 3 months, HIV infection,
pregnancy, and breastfeeding.

COVID-19 Vaccination

In June 2021, The Ministry of Public Health of Thailand
launched a national vaccination program for individuals at
high risk of SARS-CoV-2 infection and COVID-19 mortality,
including patients with cancer. Both ChAdOx1 nCoV-19
(a replication-deficient chimpanzee adenoviral vector

TABLE 1. Demographic and Disease Characteristics of Patients With Cancer at Baseline (the first vaccination) (Continued)
Characteristica Chemotherapy (n = 83) Nonchemotherapy (n = 90) P

Targeted therapy — 22 (24.4)

Immunotherapy — 3 (3.3)

Endocrine therapy — 25 (27.8)

Follow-up — 17 (18.9)

Surveillance — 23 (25.6)

Laboratory information

Hemoglobin, g/dL 11.4 6 1.4 11.9 6 1.6 .039

Hematocrit, % 35.4 6 4.0 37.0 6 4.7 .023

WBC count, cells/µL 6,569 6 2,908 6,174 6 2,275 .367

Absolute neutrophil count, cells/µL 4,038 6 2,397 3,941 6 1,920 .790

Lymphocyte count, cells/µL 1,715 6 819 1,613 6 628 .401

Platelet count, k/µL 269 6 114 253 6 90 .356

BUN, mg/dL 12.4 6 4.9 15.1 6 5.3 .006

Creatinine, mg/dL 0.83 6 0.22 0.98 6 0.33 .002

eGFR, mL/min/1.73 m2 85.3 6 18.8 74.5 6 21.0 .002

Albumin, g/dL 4.1 6 0.4 4.2 6 0.4 .198

Vaccination information

COVID-19 vaccine, No. (%)

ChAdOx1 39 (47.0) 49 (54.4) .960

CoronaVac 44 (53.0) 41 (45.6)

Abbreviations: BMI, body mass index; BUN, blood urea nitrogen; ECOG PS, Eastern Cooperative Oncology Group performance status; eGFR,
estimated glomerular filtration rate; FU, fluorouracil.

aData are presented as the mean 6 standard deviation for continuous variables and as the number (percentage) for categorical variables.
Percentages may not total 100 owing to rounding.

bNon-normally distributed variables are presented as the median [interquartile range].
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containing the SARS-CoV-2 structural surface glycoprotein
antigen [spike protein; S] gene [also known as AZD1222
by Oxford/AstraZeneca]) and CoronaVac (a chemically
inactivated vaccine by Sinovac) vaccines were approved and
available in Thailand.9,10 Both vaccines were administered
intramuscularly; their vaccination schedules were two doses
administered 21 days apart for CoronaVac and two doses
administered 12 weeks apart for ChAdOx1.

Blood samples (6 mL each) were collected before receiving
the first dose of ChAdOx1 nCoV-19 or CoronaVac vaccine
(for assessing baseline levels of anti–SARS-CoV-2 antibody)
and at weeks 8 and 12 after the first vaccine dose. At week
12, blood samples were collected on the same day that the
second vaccine dose was administered to patients who
received the ChAdOx1 nCoV-19 vaccine. Two additional
blood samples were collected at 4 and 24 weeks after the
second vaccine dose.

Elecsys Anti–SARS-CoV-2 S Assays

To assess COVID-19 vaccine immunogenicity, the collected
blood samples were tested using Elecsys Anti–SARS-CoV-
2 S, an immunoassay for the in vitro quantitative determi-
nation of antibodies (including IgG) against the SARS-CoV-2
spike (S) protein receptor–binding domain in human serum
and plasma. The assay uses a recombinant protein pre-
senting the receptor-binding domain of the S antigen in a
double-antigen sandwich assay format, which favors the
detection of high-affinity antibodies against SARS-CoV-2
infection. It has been designed for use as an aid to assess
the adaptive humoral immune response to SARS-CoV-2 S
protein. A cutoff value of≥ 0.8 U/mL was used for assessing
seroconversion, resulting in a clinical sensitivity of 98.8%

(95% CI, 98.1 to 99.3) and an analytical specificity of 100%
(95% CI, 99.7 to 100).14

Outcome Assessments

The primary outcome of this study was to compare the
immunogenicity of two doses of the ChAdOx1 nCoV-19 or
CoronaVac vaccine in patients with cancer undergoing
chemotherapy and in patients with cancer receiving
nonchemotherapy treatment.

The secondary outcomes included the anti-SARS-CoV-2
S antibody seroconversion rate after immunization with
COVID-19 vaccine and the safety of these vaccines.
Exploratory outcomes were the effects of the COVID-19
vaccine type on the anti-SARS-CoV-2 S antibody titer and
seroconversion rate.

Statistical Analysis

All data were collected and managed using REDCap
electronic data capture tools.15 To compare characteristics
between the chemotherapy and nonchemotherapy groups,
Student’s t test, Mann-Whitney U test, chi-square test, or
Fisher’s exact test was used as appropriate.

The median 6 interquartile range (IQR) was used to rep-
resent the anti–SARS-CoV-2 S antibody titers because of
their non-normal distribution. We used a random-intercept
linear mixed model, with the natural log-transformed anti-
body level as the dependent variable. This method incor-
porates a correlation between repeated blood test results in
individuals.

The anti–SARS-CoV-2 S antibody seroconversion rate is
presented in percentages.
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FIG 2. Anti–SARS-CoV-2RBD IgG levels before
and after COVID-19 vaccination (all vaccine).
The anti–SARS-CoV-2 RBD IgG levels in pa-
tients in CMT and non-CMT treatment groups
were zero at baseline. At 4 weeks after two-dose
vaccination, the anti–SARS-CoV-2 RBD
IgG levels in patients receiving CMT were
26 U/mL and 267 U/mL in non-CMT treat-
ment (P , .001). CMT, chemotherapy; IgG,
immunoglobulin G; IQR, interquartile range;
non-CMT, nonchemotherapy; RBD, receptor-
binding domain.
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In addition, we performed a post hoc subgroup analysis to
determine the subpopulations with higher anti–SARS-CoV-2 S
antibody levels and seroconversion rates. Lastly, vaccine-
related adverse events were compared. A P value of ,.05
was considered statistically significant. All statistical tests were
performed using STATA version 16.0.

RESULTS

Patient Characteristics

We initially enrolled 185 eligible patients with solid tu-
mors between June 7, 2021, and July 12, 2021. Of these,
12 patients were excluded from the final analysis for
various reasons (Fig 1). Among these 173 patients with
solid cancer, 83 underwent scheduled chemotherapy
(chemotherapy group) and 90 received other treatments or
surveillance (nonchemotherapy group). We further stratified
patients into four subgroups according to the cancer type:
breast, lung, colon, and others. Colorectal cancer was the
most common malignancy in the chemotherapy group
(39.8%), whereas breast cancer was the most common
malignancy in the nonchemotherapy group (30.0%; P ,
.001). Endocrine therapy (27.8%) and targeted therapy

(24.4%) were the two most common treatments adminis-
tered in the nonchemotherapy group (Table 1).

The ChAdOx1 nCoV-19 vaccine was administered to 39 of
the 83 patients (47%) in the chemotherapy group and to 49
of the 90 patients (54%) in the nonchemotherapy group
(P = .96); the remainder of the study participants received
the CoronaVac vaccine.

Postvaccination Anti–SARS-CoV-2 Antibody Levels

In this study, 11.6% (20 of 173) of the enrolled patients
were not included in the primary analysis for many reasons
(Fig 1). The incidence of documented SARS-CoV-2 infec-
tion during the study period was 1.2% (two of 173 patients).

Regarding the primary study outcome, of the patients who
completed vaccination with ChAdOx1 nCoV-19 or Coro-
naVac vaccine, those in the chemotherapy group had
significantly lower median anti–SARS-CoV-2 S IgG titers
than those in the nonchemotherapy group (26 v 237 U/mL,
P , .001; Fig 2).

When this comparison was repeated for vaccine-type
subgroups, no significant difference was observed for
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FIG 3. Anti–SARS-CoV-2 RBD IgG levels before and after COVID-19 vaccination (ChAdOx1 and CoronaVac vaccine). In the ChAdOx1 vaccination
group (left), there was no difference in the anti–SARS-CoV-2 S RBD IgG levels at 4 weeks after completing vaccination between chemotherapy and
nonchemotherapy groups, 818 and 1,061 U/mL, respectively (P = .075). Patients receiving the CoronaVac vaccination (right) showed a statistically
significant difference in anti–SARS-CoV-2 RBD IgG levels between the two groups, 7 U/mL in the CMT group and 90 U/mL in the non-CMT group
(P, .001). CMT, chemotherapy; IgG, immunoglobulin G; IQR, interquartile range; NA, not available; non-CMT, nonchemotherapy; RBD, receptor-
binding domain.
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those who received the ChAdOx1 nCoV-19 vaccine
(818 v 1,061 U/mL, P = .075; Fig 3).

However, at weeks 8 and 12 after the first dose of ChAdOx1
nCoV-19 vaccination, a statistically significant difference
in median anti–SARS-CoV-2 S IgG titers was observed
between the CMT and non-CMT groups (Appendix Table A1).
Concerning the CoronaVac vaccine, the median anti–SARS-

CoV-2 S IgG titer was 7 U/mL in the chemotherapy group
compared with 90 U/mL in the nonchemotherapy group, with
a statistically significant difference (P , .001; Fig 3).

Regarding secondary study outcomes, the anti–SARS-CoV-2 S
antibody seroconversion rate after vaccination in the
chemotherapy group was significantly lower than that in the
nonchemotherapy group (78.9% [95% CI, 68.1 to 87.5] v
96.5% [95% CI, 80.1 to 99.3], P = .001; Fig 4).

The pattern of differences in the anti–SARS-CoV-2 S IgG
seroconversion rate was consistent with that of the primary
end point, as described above. There was no significant
difference in the seroconversion rates between the che-
motherapy and nonchemotherapy groups among the sub-
groups that received the ChAdOx1 nCoV-19 vaccine at
1 month after completing vaccination (88.6% v 97.9%,
P = .436), whereas a statistically significant difference was
observed between these two groups at weeks 8 and 12 after
the first dose of ChAdOx1 vaccination (Appendix Table A2).
Among the subgroup of patients who received the Coro-
naVac vaccine, the chemotherapy group had a significantly
lower rate of anti–SARS-CoV-2 S IgG seroconversion than the
nonchemotherapy group (70.7% v 94.9%, P = .007; Fig 5).

In subgroup analysis of COVID-19 vaccine types, patients
with breast cancer who received doxorubicin/cyclophos-
phamide (AC) regimens and vaccination with CoronaVac
had the lowest anti–SARS-CoV-2 S IgG level and sero-
conversion rate, compared with those who received other
chemotherapy regimens (0 [IQR, 0-0.8] U/mL [P = .007]
and 22.2% [P = .002], respectively). Furthermore, patients
who used dexamethasone as a preventative treatment for
chemotherapy-induced nausea and/or vomiting had a
significantly lower median anti–SARS-CoV-2 S IgG level and
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than that in the CMT group at weeks 8 and
12 (P = .002 and P = .019), whereas the
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difference. There were 88.6% (95% CI,
73.3 to 96.8) in the CMT group and 97.9%
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nation group (right), the anti–SARS-CoV-2
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seroconversion rate than patients who did not use dexa-
methasone (4 [IQR, 0.2-28] U/mL [P , .001] and 65.6%
[P = .002], respectively). However, other patient charac-
teristics such as age, primary cancer type, cancer stage,
and baseline lymphocyte count did not significantly affect
the median anti–SARS-CoV-2 S IgG level and serocon-
version rate, regardless of the COVID-19 vaccine type
(Table 2).

Adverse Events

There were no differences in the reported local or systemic
adverse events between the chemotherapy and non-
chemotherapy groups (Table 3). All vaccine-related adverse

events were mild to moderate in severity, but were easily
manageable. Local adverse events, most of which were
injection site pain, occurred in 15.7% (n = 25) of study
participants. Systemic adverse events (n = 32, 20.1%),
fatigue (n = 22, 13.8%), headache (n = 19, 12.0%), and
myalgia (n = 19, 12.0%) were the most frequent adverse
events. No new or serious adverse events (either life-
threatening conditions or those requiring hospitalization)
were reported in our study.

DISCUSSION

Patients with cancer may face severe COVID-19 morbidity
and mortality.2-4 Impaired humoral and cellular immunity

TABLE 2. Subgroup Analysis of Anti–SARS-CoV-2 IgG Levels and Seroconversion Rates in the ChAdOx1 and CoronaVac Vaccines

Variables

Anti–SARS-CoV-2 IgG Levels Seroconversion Rates

ChAdOx1 CoronaVac ChAdOx1 CoronaVac

Median [IQR] P Median [IQR] P No. (%) P No. (%) P

Overall 694 [150-2,235] — 24 [3-128] — 77/82 (93.9) — 66/80 (82.5) —

Age, years

,60 301 [150-516] .287 18.4 [2-102] .299 7/7 (100.0) 1.000 49/61 (80.3) .500

≥60 742 [142-2,257] 33 [6-217] 70/75 (93.3) 17/19 (89.5)

Sex

Female 702 [188-2,235] .844 36 [3-159] .053 35/39 (89.7) .134 48/59 (81.4) .751

Male 685 [147-2,503] 8 [3-36] 42/43 (100.0) 18/21 (85.7)

Primary cancer

Breast 516 [22-2,235] .417 21 [0.4-129] .168 18/21 (85.7) .389 21/30 (70.0) .103

Lung 1,021 [324-2,386] 90 [29-237] 20/21 (95.2) 13/13 (100.0)

Colon 1,130 [150-3,015] 17 [3-102] 20/21 (95.2) 19/22 (86.4)

Others 396 [183-1,100] 13 [4-91] 19/19 (100.0) 13/15 (86.7)

TNM staging

I/II/III 674 [110-2,083] .434 28 [3-159] .590 29/32 (90.6) .374 31/39 (79.5) .489

IV 694 [150-2,554] 18 [3-102] 48/50 (96.0) 35/41 (85.4)

Chemotherapy

Doxorubicin-based 11 [0-22] .218 0 [0-0.8] .007 1/2 (50.0) .529 2/9 (22.2) .002

Taxane-based 340 [15-1,247] 14 [0-181] 8/9 (88.9) 2/4 (50.0)

Platinum-based 1,419 [877-2,239] 14 [7-132] 4/4 (100.0) 3/3 (100.0)

FU-based 974 [150-2,554] 13 [2-46] 16/18 (88.9) 18/21 (85.7)

Others 408 [114-702] 4 [3-16] 2/2 (100.0) 4/4 (100.0)

Nonchemotherapy therapy

Targeted therapy 512 [157-2,710] .103 89 [40-152] .922 12/12 (100.0) .043 10/10 (100.0) 1.000

Immunotherapy 34 [0-68] — 1/2 (50.0) 0

Endocrine therapy 1,973 [808-2,925] 85 [18-217] 12/12 (100.0) 10/11 (90.9)

Follow-up 519 [147-2,172] 52 [8-206] 9/9 (100.0) 8/8 (100.0)

Surveillance 410 [252-1,628] 123 [36-169] 12/12 (100.0) 9/10 (90.0)

Dexamethasonea

Receiving 704 [76-1,973] .456 4 [0.2-28] ,.001 29/32 (90.6) .374 21/32 (65.6) .002

Not receiving 607 [188-2,257] 51 [14-166] 48/50 (96.0) 45/48 (93.8)

Abbreviations: FU, fluorouracil; IgG, immunoglobulin G; IQR, interquartile range.
aOptimal cumulative dose of dexamethasone for high emetic chemotherapy as National Comprehensive Cancer Network Panel’s recommendation.

8 © 2023 by American Society of Clinical Oncology

Tantiyavarong et al



has been observed in these patients. In addition, bone
marrow suppression, a side effect of chemotherapy, may
impede immunologic responses to both infection and im-
munization. Hence, the COVID-19 vaccine–induced anti-
body response may be poor in patients with cancer,
especially those undergoing chemotherapy.

The efficacy of some COVID-19 vaccines has been stu-
died in patients with cancer, although data regarding the
mRNA COVID-19 vaccines are available,12,13 and data on
viral-vectored and/or inactivated viral COVID-19 vaccines
are still limited. To address this gap, the present study
investigated the immunogenicity and safety of viral-
vectored and inactivated viral COVID-19 vaccines in pa-
tients with solid cancers. Specifically, this study compared
the anti–SARS-CoV-2 S IgG levels and seroconversion
rates in patients with cancer who were receiving ongoing
chemotherapy or nonchemotherapy treatments, while also
receiving two-dose COVID-19 vaccination with either the
ChAdOx1 nCoV-19 or CoronaVac vaccine, both of which
were available in Thailand during the study period.

Our study found that the group of patients with cancer
vaccinated with two doses of COVID-19 vaccine while re-
ceiving ongoing chemotherapy had a significantly lower
median anti–SARS-CoV-2 S IgG level and seroconversion
rate than the nonchemotherapy group. Similarly, a retro-
spective cohort study conducted on 326 patients with
cancer showed that the mRNA-based COVID-19 vaccine
BNT162b2 was safe and effective in patients with cancer
undergoing active treatment (62.9% with chemotherapy,
16.9% with immune checkpoint inhibitors, and 11.7% with
targeted therapy), similar to that in healthy adults. A
multivariate analysis found that the percentage of indi-
viduals who were still seronegative for anti–SARS-CoV-2 S

IgG after vaccination was higher in the chemotherapy-
treated group (18.8%) than in the immunotherapy-treated
group (9.1%) or the targeted therapy-treated group
(2.6%; P = .02).13 Another prospective cohort study
conducted on 366 patients with solid malignancies
confirmed the favorable efficacy of two-dose vaccination
with BNT162b2 in patients undergoing active cancer
treatment and found no difference in the vaccine efficacy
assessment data between these patients who were re-
ceiving active treatment or not (median anti–SARS-CoV-2
IgG titer:1,530 v 2,256 AU/mL, respectively [P = .29]; and
anti–SARS-CoV-2 IgG seroconversion rate [seroconver-
sion defined as ≥50 AU/mL IgG titer] 91.2% v 89%, re-
spectively [P = .56]).16 As in the mRNA-based COVID-19
vaccine studies, the present study observed relatively high
rates of immune response in the subset of patients with
cancer who were not being treated with immunosup-
pressive agents, as compared with those in the subset who
received immunosuppressants.17,18

Interestingly, we found that the patients with cancer who
were vaccinated with the inactivated viral COVID-19
vaccine (CoronaVac) had a lower immune anti–SARS-
CoV-2 antibody response and seroconversion rate than
those who were vaccinated with the viral-vectored
vaccine (ChAdOx1 nCoV-19) in both the chemotherapy
(7 v 818 U/mL and 70.7% v 88.6%, respectively) and
nonchemotherapy (90 v 1,061 U/mL and 94.9% v
97.9%, respectively) groups. The difference in the
mechanisms of action of whole-cell inactivated and viral
vector vaccines could result in differences in antibody
responses. The results of this analysis are consistent with
data from the general population, which reported that
adenovirus-vectored vaccines are more effective than
inactivated viral vaccines. A recent prospective cohort
study conducted in a Thai population reported a more
rapid decline in the short-term immune response, as
reflected by the anti–SARS-CoV-2 antibody levels, to
COVID-19 vaccination in health care workers vaccinated
with CoronaVac than in individuals vaccinated with
ChAdOx1 nCoV-19.19 Nevertheless, no previous study
has compared the performance of these two types of
vaccination in an oncologic setting.

The current study observed that the anti–SARS-CoV-2 S IgG
seroconversion rate after the first dose of ChAdOx1 nCoV-19
in the nonchemotherapy group was high (95.6%), but
the mean IgG titer in this group was low (36-60 U/mL)
because the cutoff value used for seroconversion was low,
0.8 U/mL. Poor anti–SARS-CoV-2 antibody response and
seroconversion rates were found in the subgroup of
CoronaVac-vaccinated patients treated with the AC regi-
men and dexamethasone. These findings could be the
result of a low cellular immunity response in these patients
because of bone marrow suppression from doxorubicin and
cyclophosphamide and the very high dose of dexametha-
sone that is routinely prescribed for emesis prevention. The

TABLE 3. Vaccine-Related Adverse Events After COVID-19 Vaccination of Patients
With Cancer

Adverse Event

No. of Patients (%)

Chemotherapy (n = 74) Nonchemotherapy (n = 85)

Local adverse events 11 (14.9) 14 (16.7)

Injection site pain 10 (13.5) 12 (14.3)

Injection site erythema 1 (1.4) 1 (1.2)

Injection site swelling 0 2 (2.4)

Systemic adverse events 14 (18.9) 18 (21.2)

Headache 9 (12.2) 10 (11.8)

Myalgia or arthralgia 9 (12.2) 10 (11.8)

Fatigue 10 (13.5) 12 (14.1)

Fever 3 (4.1) 6 (7.1)

Nausea or vomiting 2 (2.7) 5 (5.9)

Diarrhea 3 (4.1) 8 (9.4)

Abdominal pain 0 2 (2.4)

Others 6 (8.1) 7 (8.2)
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side effects of AC regimens are widely recognized; therefore,
it was not surprising that the lowest post–COVID-19 vacci-
nation anti–SARS-CoV-2 antibody titers and seroconversion
rates were observed in the AC regimen subgroup compared
with the other chemotherapy treatment subgroups in both
the virus-vectored and inactivated viral vaccine groups.
Although, these differences were significant only in the latter
group. By contrast, there was no immunogenicity difference
between the subgroups treated with higher and lower
dexamethasone doses, nor was there any relation between
COVID-19 vaccine immunogenicity and age, sex, Eastern
Cooperative Oncology Group performance status, primary
cancer type and stage, laboratory data, or vaccine type.
Moreover, two patients in the current study were diagnosed
with mild symptomatic COVID-19 disease. Both patients
underwent chemotherapy. One patient received the Coro-
naVac vaccine, and the other received the ChAdOx1 nCoV-
19 vaccine. None of the participants died from this cause.
No new or serious vaccine-related adverse events were
reported in any of the enrolled patients with cancer, re-
gardless of treatment type. The incidence of documented
COVID-19 disease in the enrolled patients during this study
was lower (1.2%) than that reported in a previous study

(2.5%), likely owing to the strict maintenance of social
distancing by patients with cancer.20

Our study has several limitations. First, this study used the
measurement of anti–SARS-CoV-2 S IgG as a surrogate for
determining vaccine immunogenicity. However, the results of
the anti–SARS-CoV-2 S IgG assay are highly correlated with
those of a SARS-CoV-2 neutralizing antibody assay.21 Second,
the findings of our subgroup analysis need to be interpreted
with appropriate caution because the subgroups were each
composed of a small number of patients with cancer; thus,
larger studies are required to verify these results.

In conclusion, COVID-19 immunization induced lower
anti–SARS-CoV-2 antibody responses when administered to
patients with cancer actively receiving chemotherapy than
when administered to patients with cancer receiving non-
chemotherapy treatment, especially for patients who re-
ceived the inactivated viral COVID-19 vaccine. Therefore,
oncologists should be concerned about the proper timing of
vaccination to generate maximum immunization in patients
with cancer. Finally, further studies should be conducted to
determine the ideal COVID-19 vaccination timing for patients
with cancer to achieve the highest vaccine efficacy.
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APPENDIX

TABLE A1. Anti–Severe Acute Respiratory Syndrome Coronavirus 2 Immunoglobulin G After Vaccination With ChAdOx1 or CoronaVac
Vaccine Type
and Time
Point

Chemotherapy (n = 83) Nonchemotherapy (n = 90)

P aNo. Median IQR No. Median IQR

ChAdOx1

Week 0 39 0 0 49 0 0 NA

Week 8 34 12 0-42 45 36 6-74 , .001

Week 12 33 53 1-120 44 60 16-119 .014

Week 16 31 818 114-2,503 42 1,061 293-2,386 .075

CoronaVac

Week 0 44 0 0 41 0 0 NA

Week 7 41 7 1-28 39 90 18-201 , .001

Abbreviations: IQR, interquartile range; NA, not applicable.
aComparing immunoglobulin G levels (log scale) between the chemotherapy and nonchemotherapy groups using a linear mixed model that

incorporated a correlation with individual blood testing.

TABLE A2. Anti–Severe Acute Respiratory Syndrome Coronavirus 2 Immunoglobulin G Seroconversion Rates After VaccinationWith ChAdOx1 or
CoronaVac

Vaccine Type and Time
Point

Chemotherapy (n = 83) Nonchemotherapy (n = 90)

PaRate (%) 95% CI Rate (%) 95% CI

ChAdOx1

Week 8 64.7 46.5 to 80.2 95.6 84.9 to 99.5 .002

Week 12 80.0 63.1 to 91.6 95.6 85.2 to 99.5 .019

Week 16 88.6 73.3 to 96.8 97.9 88.7 to 99.9 .436

CoronaVac

Week 7 70.7 54.5 to 83.9 94.9 82.7 to 99.4 .007

aComparing the anti–severe acute respiratory syndrome coronavirus 2 immunoglobulin G seroconversion rate (cutoff value: ≥ 0.8 U/mL)
between the chemotherapy and nonchemotherapy groups using a generalized estimating equation, which incorporated a correlation within
patients.
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