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ABSTRACT
Introduction: Cancer patients are more vulnerable to coronavirus disease 2019 (COVID-19) owing to their 
compromised immune status. However, data regarding COVID-19 vaccine safety and immune response in 
cancer patients are scarce.
Method: This prospective, age- and sex-matched, single-center cohort study included 61 cancer patients 
and 122 healthy control participants. Seropositivity was defined as anti-S IgG titer >0.8 units/ml. Primary 
end point was seroconversion rate of immunoglobulin (Ig)G antibodies against the severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) spike (S) protein (anti-S IgG) in cancer patients vs. healthy 
control participants following the second dose of COVID-19 vaccine ChAdOx1 nCoV-19 (AZD1222).
Results: After the second-dose vaccination, there was no difference in seropositivity rate between groups 
(57 [93.44%] patients with cancer vs. 121 [99.18%] control participants; geometric mean ratio [GMR]: 0.39; 
95%CI: 0.01–10.46; p-value = 0.571). In contrast, after the first-dose vaccination, the seropositivity rate was 
significantly lower in the cancer patients than in the control participants (50/61 [81.97%] vs. 121/122 
[99.18%]; GMR: 0.07; 95%CI: 0.01–0.71; p = 0.025). The median anti-S IgG titer after the first-and second 
dose vaccination were not significantly different between groups. Female sex was significantly associated 
with a higher anti-S IgG titer. 5FU- and taxane-based chemotherapy regimens were associated with 
a lower IgG titer. Side effects of vaccination were tolerable.
Conclusions: The anti-S IgG seropositivity rate after completing the second vaccine dose did not differ 
between the cancer patients and control participants. However, the anti-S IgG seropositivity rate after the 
first-dose vaccination was lower in cancer patients.
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Introduction

Coronavirus disease 2019 (COVID-19) is a new emerging 
disease caused by severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2). Since the first cluster of COVID- 
19 cases was reported in China on 31 December 2019, more 
than 493 million cases and 6 million deaths globally as of 
8 April 2022 were reported by World Health Organization 
(WHO).1 Cancer patients are more vulnerable to infection 
than are healthy people owing to their compromised 
immune status and the cancer treatments they undergo.2 

In a meta-analysis of 19 retrospective studies involving 
63,019 patients (2,682 patients with cancer), the incidence 
of COVID-19 among cancer patients was 6%, which is 
much higher than the global incidence (approximately 
0.2%), and the COVID-19 mortality rate of cancer patients, 
especially lung cancer patients, was higher than that of 
persons without cancer [risk ratio (RR): 1.8].3 Thus, cancer 
patients should be given priority for receiving COVID-19 
vaccination.4,5 However, data supporting the safety and 
immune response of COVID-19 vaccination in cancer 

patients are scarce. Most clinical trials exclude cancer 
patients, and the few clinical trials that have included 
them had fairly small numbers of cancer patients.

Suboptimal vaccine immune response has been reported in 
cancer patients.6 Immunogenicity is a crucial point of concern 
owing to the inherent immunocompromised status of cancer 
patients as well as the anticancer treatment they receive. The 
SOAP-02 study was the first study on the safety and immunogeni-
city of a COVID-19 vaccine in cancer patient populations, includ-
ing both hematologic and solid malignancy patients, using the 
BioNTech/Pfizer COVID-19 (mRNA-BNT162b2) vaccine.7 The 
rates of seroconversion for immunoglobulin (Ig)G antibodies 
against the SARS-CoV-2 spike (S) protein (anti-S IgG) at approxi-
mately 21 days following inoculation with a single vaccine dose 
were 94%, 38%, and 18% in healthy controls, solid cancer patients, 
and hematological cancer patients, respectively. Among the 
patients with available blood samples from 2 weeks after a 21- 
day-post-vaccine boost, the seroconversion rates were 100%, 95%, 
and 60% in healthy controls, solid cancer patients, and hematolo-
gical cancer patients, respectively.
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A prospective cohort study in Israel that included 180 par-
ticipants with solid cancer who received the mRNA-BNT162b2 
vaccine also reported the vaccine immunogenicity in cancer 
patients as compared with that in healthy controls.8 The med-
ian anti-S IgG titer in the cancer patients was significantly 
lower than that in the control participants (1931 arbitrary 
unit (AU/ml vs 7160 AU/ml; p < 0.001). In a multivariable 
analysis, the variable that was significantly associated with 
lower anti-S IgG titers was treatment with chemotherapy plus 
immunotherapy.

ChAdOx1 nCoV-19 (AZD1222) is a viral-vectored vaccine 
with a recombinant structure in which chimpanzee adenovirus 
encodes the spike (S) glycoprotein of the SARS-CoV-2 virus.9 

In a meta-analysis that included 21 studies of COVID-19 
vaccination, using either mRNA-1273 (Moderna), mRNA- 
BNT162b2, AZD1222, or Ad26.COV2.S (Janssen), in 5012 
patients with active malignancies, the seroconversion rates of 
anti-S IgG after complete COVID-19 vaccination, were 85% in 
cancer patients versus 100% in healthy control participants (p  
< 0.001).10 Only one paper in this meta-analysis studied the 
immune response of AZD1222 in cancer patients.11 In that 
study, only 4% of patients received AZD1222, and the immu-
nogenicity analysis was conducted on just 6% of all patients 
after their first vaccine dose. To address this gap, we began the 
present study investigating the safety and seropositivity of 
AZD1222 in patients with cancer and determining the factors 
associated with the immunogenicity of this vaccine.

Materials and methods

Study design and participants

This prospective single-centered cohort study was conducted 
to evaluate the seropositivity of AZD1222 (ChAdOx1 nCoV-19 
vaccine) among cancer patients. The study included patients 
aged ≥18 years who were histologically diagnosed with solid 
tumors at the Outpatient Department in Chulabhorn Hospital, 
Thailand. The enrolled patients were required to have an 
ECOG status of 0–2. We also included a cohort of healthy 
control participants who were health-care workers from our 
hospital. Exclusion criteria included: hematologic malignancy, 
absolute neutrophil count of < 1500 cells/µl and/or platelet 
count of <100,000 cells/µl, life expectancy of <3 months, preg-
nancy, and previous COVID-19 infection. The study was 
approved by the Ethics Committee of Chulabhorn Hospital. 
All participants signed a written consent form after receiving 
study information.

Procedure

During the period from 1 June 2021 to 18 July 2021, partici-
pants received their second of two doses of AZD1222, 12 weeks 
after receiving the first dose. To evaluate the immunogenicity 
of AZD1222 in our cohort, blood samples (6 ml) were collected 
from each study participant at the Outpatient Department in 
Chulabhorn Hospital at four timepoints: timepoint 1, before 
receiving first vaccine dose; timepoint 2, at week 8 after the first 
vaccine dose; timepoint 3, at week 12 after the first vaccine 
dose, directly before receiving the second vaccine dose; and 

timepoint 4, at week 4 after the second vaccine dose. The Roche 
Elecsys® Anti-SARS-CoV-2 immunoassay was used to detect 
antibodies against SARS-CoV-2 S protein (anti-S antibody). 
This assay has been demonstrated to perform reliably, with 
overall specificity and sensitivity of 99.95% and 97.92%, 
respectively.12 Samples with serum anti-S IgG antibody levels 
of >0.8 Units (U)/ml were considered positive. According to 
the WHO, the international standard for reporting immuno-
genicity is binding antibody units (BAU)/ml.13 The Elecsys-S 
U/ml were converted to BAU by using the equation: Elecsys-S 
U = 0.972 × BAU.14

For the 30 minutes directly following vaccination with 
a dose of AZD1222, all participants were observed for immedi-
ate adverse events (AEs). A questionnaire regarding vaccina-
tion side effects was conducted via telephone to evaluate 
symptoms on days 1, 7, and 30 post-vaccination for both 
vaccine doses. The grading severity of AEs was defined as 
follows: mild, AE does not interfere with daily activity; mod-
erate, AE interferes with daily activity; severe, AE limits daily 
activity; and life-threatening, AE requires emergency depart-
ment visit or hospitalization.

Outcome

The primary endpoint was the rate of seroconversion for anti-S 
IgG antibody in cancer patients relative to that in healthy 
control participants (mostly health-care workers) 
following second-dose vaccination with AZD1222. The sec-
ondary outcomes were the anti-S IgG antibody seroconversion 
rate after first-dose vaccination, comparisons of anti-S IgG 
titers between cancer patients and healthy control participants, 
identification of factors associated with anti-S IgG antibody 
seropositivity using univariate analyses, and evaluation of 
AZD1222 vaccination side effects.

Statistical analysis

The sample size was based on historical data from testing the 
COVID-19 vaccine BNT162b2 in patients with cancer.8 The 
present study was designed to have 90% power, assuming 
a two-sided overall alpha of 0.05. We planned to include 
approximately 60 cancer patients in this study. Every cancer 
patient was matched to a healthy control participant of the 
same sex with a maximum age difference of 5 years. Patients 
were categorized as healthy control participants and cancer 
patients by timepoint 1 (8 weeks after first-dose vaccination) 
or timepoint 2 (4 weeks after second-dose vaccination). The 
significance of differences in the anti-S antibody seroconver-
sion rates between the cancer patient group and the healthy 
control group at each timepoint were evaluated by logistic 
regression. Models were adjusted for comorbidities. The sig-
nificance of differences in the geometric mean ratio (GMR) of 
anti-S IgG titers between cancer patients and healthy control 
participants were evaluated by linear regression. We report 
GMRs with their 95% confidence intervals (95%CIs). 
Univariate analysis was performed by linear regression. 
A p-value of <0.05 was considered to indicate a significant 
difference. All statistical tests were performed using STATA/ 
SE version 16.1 (StataCorp LLC; College Station, TX, USA).
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Results

During the period from 1 June 2021 to 18 July 2021, 88 
patients with cancer at the Outpatient Department of 
Chulabhorn Hospital who met the eligibility criteria were 
included in the study. After age-matching, data from 61 
patients in the cancer patient group and 122 control parti-
cipants were analyzed. The baseline characteristics of the 
cancer patients and control participants are summarized in 
Table 1.

Among the study participants in both the cancer patient and 
control groups, most were women (54.1%). The median age 
was equal between groups. Among the cancer patient group, 
the common cancer types were lung cancer (27.87%), colon 
cancer (27.87%), and breast cancer (26.23%). Half of the 
patients received chemotherapy (50.82%).

All participants received the AZD1222 vaccine. After 
the second-dose vaccination, 57 (93.44%) participants in 
the cancer patient group and 121 (99.18%) participants in 
the healthy control group were seropositive for anti-S IgG; 
this difference between groups was not statistically signifi-
cant (GMR: 0.39; 95%CI: 0.01–10.46; p = 0.571). However, 
after first-dose vaccination, the rate of anti-S IgG seroposi-
tivity in the cancer patient group was significantly lower 
than that in the healthy control group (50/61 (81.97%) vs 
121/122 (99.18%), respectively; GMR: 0.07; 95%CI: 0.01– 
0.71; p = 0.025) (Table 2).

The median anti-S IgG titer after the first-dose vaccination 
was not significantly different between the cancer patient and 
the healthy control group (15.42 BAU/ml vs 42.94 BAU/ml; 
GMR: 0.66; 95%CI: 0.31–1.42; p = 0.294), as well as these titers 
after the second-dose vaccination (510.12 BAU/mL vs 659.64 
BAU/mL; GMR: 1.59; 95%CI: 0.73–3.46; p = 0.242) (Table 3). 
Conducting a subgroup univariate analysis within the cancer 
patient group by cancer type, systemic treatment, chemother-
apy regimen, and stage of cancer revealed that patients who 
received targeted therapy/immunotherapy and chemotherapy 
have lower anti-S IgG titers, especially patients who received 
taxane-based chemotherapy (GMR: 0.06; 95%CI: 0.01–0.63; p  
= 0.021) or 5-FU-based chemotherapy (GMR: 0.15; 95%CI: 
0.03–0.77; p = 0.025). Female participants had significantly 
higher anti-S IgG levels compared with male participants 
after first-dose vaccination. There were no statistically signifi-
cant differences in the anti-S IgG titer among subgroups with 
different cancer types or stages of cancer (Table 4).

Toxicity data were available for all 183 participants (61 
participants in the cancer patient group and 122 participants 
in the healthy control group). There were 51 of 61 (83.61%) 
patients with cancer and 101 of 122 (82.69%) healthy control 
participants who reported no toxicities following the first dose 
of vaccination with AZD1222. Likewise, after the second dose 
of AZD1222, 58 of 61 (95.08%) patients with cancer and 114 of 
122 (93.44%) healthy control participants reported no toxicity. 
Compared with the healthy control group, after first-dose 

Table 1. Baseline characteristics of study participants.

Cancer patients 
(N = 61) 
No. (%)

Healthy control participants 
(N = 122) 

No. (%)

Sex
- Female 33 (54.10%) 66 (54.10%)
- Male 28 (45.90%) 56 (45.90%)

Age [years], (median (IQR)) 66 (62–71) 65 (61–69)
Underlying disease

- T2DM 12 (19.67%)
- HT 39 (63.93%)
- DLP 23 (37.70%)
- CKD 8 (13.11%)
- CVS 9 (16.39%)
- Other 22 (36.06%)

Cancer type
- Breast 16 (26.23%)
- Lung 17 (27.87%)
- Colon 17 (27.87%)
- Other 11 (18.03%)

Systemic treatment
- No systemic treatment 12 (19.67%)
- Hormonal treatment 7 (11.48%)
- Chemotherapy 31 (50.82%)
- Targeted treatment 9 (14.76%)
- Immunotherapy 2 (3.27%)

Chemotherapy regimen
- Taxane (Paclitaxel, Docetaxel) 7 (22.58%)
- Platinum doublet (Platinum Paclitaxel/Platinum - Pemetrexed) 4 (12.90%)
- 5FU-based chemotherapy (FOLFOX/FOLFIRI/CAPEOX) 14 (45.16%)
- Other 6 (19.35%)

Stage of cancer
- Stage 1 3 (4.92%)
- Stage 2 10 (14.75%)
- Stage 3 11 (16.39%)
- Stage 4 39 (63.93%)

IQR, interquartile range; T2DM, type II diabetes mellitus; HT, hypertension; CKD, chronic kidney disease; CVS, cardiovascular disease.
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Table 2. Anti-S IgG seroconversion rate following vaccination with AZD1222.

Antibody level 
< 0.8 U/ml 

No. (%)

Antibody level 
≥ 0.8 U/ml 

No. (%)
Odd ratio 
(95% CI) p-value

Anti-S IgG seroconversion rate following first vaccination dose
Healthy control participants 

(122 cases)
1 (0.82%) 121 (99.18%) Ref.

Cancer patients 
(61 cases)

11 (18.03%) 50 (81.97%) 0.07 (0.01–0.71) 0.025

Anti-S IgG seroconversion rate following second vaccination dose
Healthy control participants 

(122 cases)
1 (0.82%) 121 (99.18%) Ref.

Cancer patients 
(61 cases)

4 (6.56%) 57 (93.44%) 0.39 (0.01–10.46) 0.571

Table 3. Anti-S IgG titers following vaccination with AZD1222.

Antibody level (BAU/ml) 
[Geometric mean (95% CI)] Geometric ratio (95% CI) p-value

Anti-S IgG level following first vaccination dose
Healthy control participants 

(122 cases)
42.94 (33.91–54.37) Ref.

Cancer patients 
(61 cases)

15.42 (8.99–26.44) 0.66 (0.31–1.42) 0.294

Anti-S IgG level following second vaccination dose
Healthy control participants 

(122 cases)
659.64 (532.09–817.78) Ref.

Cancer patients 
(61 cases)

510.12 (271.13–959.76) 1.59 (0.73–3.46) 0.242

Table 4. Anti-S IgG titer by cancer patient subgroup.

Characteristics

Anti-S IgG level following first vaccination dose Anti-S IgG level following second vaccination dose

Antibody level (BAU/ml) 
[Geometric mean (95% 

CI)]

Geometric 
ratio 

(95% CI) p-value

Antibody level (BAU/ml) 
[Geometric mean (95% 

CI)]

Geometric 
ratio 

(95% CI) p-value

Sex
Male 7.41 

(3.58–15.33)
Ref. 433.66 

(180.19–1043.65)
Ref.

Female 28.72 
(13.56–60.82)

3.88 
(1.39– 
10.78)

0.010 585.48 
(228.39–1500.88)

0.74 
(0.21–2.61)

0.635

Cancer type
Lung cancer 21.77 

(8.74–54.23)
Ref. 697.31 

(211.95–2294.11)
Ref.

Breast cancer 22.18 
(6.01–81.88)

1.02 
(0.22–4.58)

0.980 392.48 
(79.73–1932.10)

0.56 
(0.09–3.68)

0.542

Colon cancer 11.70 
(4.19–32.66)

0.54 
(0.15–1.98)

0.344 629.81 
(177.03–2241.38)

0.90 
(0.17–4.70)

0.902

Systemic treatment
Hormonal treatment 79.59 

(34.13–185.59)
Ref. 2891.80 

(2073.19–4033.66)
Ref.

Chemotherapy 10.05 
(4.29–23.56)

0.13 
(0.04–0.37)

<0.001 459.86 
(165.13–1280.61)

0.16 
(0.06–0.46)

0.001

Targeted treatment/Immunotherapy 17.48 
(4.54–67.33)

0.22 
(0.06–0.86)

0.030 364.55 
(63.35–2097.91)

0.13 
(0.03–0.61)

<0.001

Chemotherapy regimen
Platinum doublet (Platinum Paclitaxel/Platinum - 

Pemetrexed)
56.32 

(9.26–342.57)
Ref. 2908.13 

(1232.08–6864.19)
Ref.

Taxane (Paclitaxel, Docetaxel) 7.88 
(0.56–111.35)

0.14 
(0.01–1.63)

0.112 164.68 
(9.71–2793.41)

0.06 
(0.01–0.63)

0.021

5FU-based (FOLFOX/FOLFIRI/CAPEOX) 8.44 
(2.41–29.54)

0.15 
(0.03–0.77)

0.025 624.57 
(134.42–2902.07)

0.21 
(0.04–1.05)

0.058

Stage of cancer
Non-metastatic stage 11.92 

(5.05–28.15)
Ref. 469.93 

(139.80–1579.64)
Ref.

Metastasis 
(stage 4)

17.83 
(8.72–36.45)

1.50 
(0.51–4.43)

0.461 534.29 
(250.19–1140.98)

1.14 
(0.29–4.53)

0.853
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vaccination, the cancer patient group had higher incidences of 
fatigue (13.11% vs 8.20%), diarrhea (4.92% vs 3.28%), and 
injection site reaction (8.20% vs 4.10%) but less myalgia 
(1.64% vs 9.84%), headache (8.20% vs 11.4%), and fever 
(8.20% vs 10.66%). However, after the second dose of vaccina-
tion with AZD1222, the cancer patient group had lower inci-
dences of all reported side effects compared with the healthy 
control group, except for myalgia (3.28% vs 1.64%). There was 
no death associated with AZD1222 vaccination (Figure 1).

Discussion

To the best of our knowledge, this is the first report of the 
immunogenicity and safety of the AZD1222 vaccine in solid 
cancer patients relative to that in healthy control participants. 
The anti-S IgG seroconversion rate after the second-dose vac-
cination with AZD1222 did not differ between cancer patients 
and healthy control participants. The median anti-S IgG titer 
after the first-and second dose vaccination were not signifi-
cantly different between groups. However, after first-dose vac-
cination, the anti-S IgG seroconversion rate was significantly 
lower in the cancer patient group than in the healthy control 
group. The vaccine was generally well-tolerated in cancer 
patients.

In the large (N = 32,451 participants) phase III landmark 
clinical trial of ChAdOx1 nCoV-19, study participants were 
randomized in a 2:1 ratio to receive two doses of AZD1222 
vaccine or placebo (administered 4 weeks apart on days 1 and 
29). The primary endpoint was prevention of the onset of 
symptomatic or severe COVID-19 from ≥15 days after 
the second dose; no severe or critical symptomatic COVID- 
19 cases were observed among the participants in the AZD1222 
group, whereas 8 cases were noted among the 8,550 partici-
pants in the placebo group (<0.1%). The rate of nucleocapsid- 
specific antibody seroconversion, as measured by the validated 
Roche Elecsys® Anti-SARS-CoV-2 nucleocapsid serology test at 
≥15 days after the second dose of AZD1222 was 64.3%. 
However, cancer patients comprise approximately 6.5% of the 
total population, and there were no provided efficacy data for 
the AZD1222 vaccine in cancer patients owing to an insuffi-
cient number of cancer patients in the study.15 Notably, our 
study had a different vaccine dosing schedule, with a longer 
interval between the first and second dose to achieve greater 
vaccine efficacy. A pooled analysis of four randomized trials 
demonstrated that AZD1222 vaccine efficacy was higher in 
individuals vaccinated with a longer prime-boost interval (vac-
cine efficacy: 81.3% [95%CI: 60.3%–91.2%] at ≥12 weeks) than 
in those vaccinated with a short prime-boost interval (vaccine 
efficacy: 55.1% [33.0%–69.9%] at <6 weeks).16

Figure 1. Side effect occurrence within 1 week of receiving a dose of AZD1222. (a–d) Side effects that occurred within 1 week following the first (a, b) or second (c, d) 
vaccination dose in the cancer patient group (a, c) or healthy control group (b, d).
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There is concern regarding the immune response to the 
AZD1222 vaccine in cancer patients because of their impaired 
immune function such that antibodies may be produced 
insufficiently.4 This study demonstrated that although cancer 
patients had a poor antibody response, in terms of anti-S IgG 
seroconversion and titers, after one dose of AZD1222, they had 
a sufficient antibody response after receiving a second dose of 
vaccine. Many studies evaluating the immune response of 
COVID-19 vaccines in cancer patients found that the tested vac-
cine worked sufficiently in this immunocompromised group. 
A prospective observational study in Italy conducted on 293 
solid cancer patients evaluated the anti-S IgG antibody seroposi-
tivity rate and safety of a two-dose regimen of mRNA-BNT162b2 
or mRNA-1273 vaccine relative to those in healthy volunteers. 
SARS-CoV-2-specific antibody was analyzed by the LIAISON XL 
automated platform. Most of the enrolled patients were under-
going active anticancer treatment (85%). The study found 
a seropositivity rate after complete course of vaccination of 
75.88% for the cancer patient group, as compared with one of 
100% for the control group. Moreover, the median anti-S IgG titer 
was significantly lower in the cancer patient group than in the 
control group. The seroconversion rates and antibody titers after 
first-dose vaccination were significantly lower than those 
after second-dose vaccination.17 Our data proves the humoral 
immune response in patients with cancer. The immune system is 
partially suppressed from cancer and their treatments, however 
humoral immune response is still function, thus the immune 
response can still be elicited especially after the second dose of 
vaccination.In our study, the anti-S IgG antibody titers after first- 
dose vaccination were significantly higher in the female partici-
pants compared with those in the male participants, which is 
consistent with the previous reports.17–19 There are well- 
established explanations for female individuals having 
a significant immunological advantage over male individuals. 
One interesting hypothesis suggests that the X chromosome con-
tains a high density of immune-related genes and regulatory ele-
ments that are extensively involved in both the innate and adaptive 
immune responses.20 Another study proposed that possible 
mechanisms for this difference include differences in human 
ACE2 (hACE2) receptor expression and behavioral differences, 
such as smoking or the prevalence of comorbidities that conse-
quently influence immunity.21

The subgroup of patients treated with chemotherapy had 
considerably lower anti-S IgG antibody titers than did the 
subgroup of patients receiving hormonal treatment. These 
data are consistent with previous reports.18,19 Because che-
motherapy interferes with DNA synthesis and cell prolifera-
tion, the activation of lymphocytes by vaccination is 
suppressed by this therapy.22 However, such suppression 
must be incomplete because an immune response to vaccina-
tion can still be generated. Another finding of our study is 
that taxane- and 5FU-based chemotherapy influenced the 
immune response to vaccination more than did other che-
motherapy regimens. Taxane inhibits T-cell and natural 
killer-cell proliferation and activation, mainly by stabilizing 
GDP-bound tubulin in microtubules, thereby stopping cell 
division and migration.23 5FU is an antimetabolite that inhi-
bits RNA and DNA synthesis. Possible explanations would be 

that 5FU-containing regimen was generally for first and also 
subsequent line of treatment, e.g., FOLFOX and FOLFIRI in 
patients with colon cancer. However, carboplatin containing 
regimen was less likely used as subsequent or rechallenging 
treatment. Previous chemotherapy regimens may influence 
more immune suppression in 5FU-based chemotherapy. 
Moreover, data from breast cancer patients showed taxane- 
based chemotherapy lower levels of all the measured lympho-
cytes especially memory B-cell. Surprisingly, lymphocyte 
recovery in taxane-based chemotherapy was significantly 
slower than taxane-free chemotherapy.24

Moreover, the anti-S IgG antibody titer was lower in the 
subgroup of patients who received targeted therapy than in the 
subgroup of those who underwent hormonal treatment.25 

There are also data demonstrating less durable responses for 
patients receiving targeted therapy or chemotherapy.25,26 In 
2021, Chumsri et al. studying humoral responses after SARS- 
CoV-2 mRNA vaccination in cancer patients also found that 
the CDK4/6 inhibitor may cause an impaired antibody- 
mediated response to SARS-CoV-2 mRNA vaccines.26

Regarding side effects of vaccination with AZD1222, cancer 
patients had relatively higher incidences of fatigue, diarrhea, 
and injection site reaction after first-dose vaccination. The 
reason for these side effects may be the cancer itself or the 
systemic anticancer treatment that the patients received con-
currently with vaccination.19,27 However, after the second-dose 
vaccination, the cancer patient group had a lower incidence of 
all reported side effects, except for myalgia, compared with the 
healthy control group. The safety profile of the vaccine was 
consistent with previous studies.19,27

The biggest strength of our study is its age-matching and 
prospective design, which minimizes the interference of age and 
sex confounders on the results. However, our study has some 
limitations. First, it has insufficient power to differentiate vaccine 
immunogenicity within specific patient subgroups (e.g., those with 
different cancer types and distinct treatment modalities, which 
could have differential affects on host immune responsiveness). 
Second, at the time the study was conducted, the predominant 
SARS-CoV-2 strain was Delta, but the Omicron strain is now 
predominant. Third, we assessed only anti-S IgG antibody levels 
and did not evaluate neutralizing antibody levels.28 However, there 
is evidence that anti-S antibody levels correlate with neutralizing 
antibody levels.28

Conclusion

Our study shows the seropositivity and safety of AZD1222 in 
solid cancer patients. The anti-S IgG seropositivity rate after 
completing the second dose of AZD1222 was not different 
between the cancer patient group and the control group. In 
contrast, after the first-dose vaccination, the anti-S IgG sero-
positivity rate was lower in cancer patients, suggesting that 
antibody responses to AZD1222 in cancer patients might be 
delayed such that they strongly benefit from completing 
the second dose of COVID-19 vaccination. The side effects of 
AZD1222 are tolerable. Our findings suggest that the benefits 
of vaccination with AZD1222 outweigh the risks of side effects 
in cancer patients. Further studies with larger sample sizes are 
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needed to determine the efficacy of COVID-19 vaccines in 
cancer patients.
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