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ABSTRACT
This study assessed the immunogenicity and safety of the BNT162b2 mRNA vaccine in lung cancer 
patients receiving anticancer treatment. We enrolled lung cancer patients receiving anticancer treatment 
and non-cancer patients; all participants were fully vaccinated with the BNT162b2 vaccine. Blood samples 
were collected before the first and second vaccinations and 4 ± 1 weeks after the second vaccination. Anti- 
severe respiratory syndrome coronavirus-2 (SARS-CoV-2) spike protein S1 subunit receptor-binding 
domain antibody titers were measured using the Architect SARS-CoV-2 IgG II Quant and Elecsys Anti- 
SARS-CoV-2 S assays. Fifty-five lung cancer patients and 38 non-cancer patients were included in the 
immunogenicity analysis. Lung cancer patients showed significant increase in the geometric mean anti-
body concentration, which was significantly lower than that in the non-cancer patients after the first (30 
vs. 121 AU/mL, p < .001 on Architect; 4.0 vs 1.2 U/mL, p < .001 on Elecsys) and second vaccinations (1632 
vs. 3472 AU/mL, p = .005 on Architect; 213 vs 573 A/mL, p = .002 on Elecsys). The adjusted odds ratio (aOR) 
for seroprotection was significantly lower (p < .05) in lung cancer patients than that in non-cancer 
patients. Analysis of the anticancer treatment types showed that the aOR for seroprotection was sig-
nificantly lower (p < .05) in lung cancer patients receiving cytotoxic agents. They showed no increase in 
adverse reactions. BNT162b2 vaccination in lung cancer patients undergoing anticancer treatment 
significantly increased (p < .05) antibody titers and showed acceptable safety. Immunogenicity in these 
patients could be inadequate compared with that in non-cancer patients.
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Introduction

Coronavirus disease (COVID-19), which originated in China in 
December 2019, spread globally with an unprecedented impact,1 

affecting the management of cancer patients in various ways.2 

Considering the poor outcome of COVID-19, cancer patients 
are particularly at risk from the disease,2 since most cancer patients 
are elderly and tend to have other underlying diseases along with 
immunosuppression owing to anticancer treatment.2 Thus, cancer 
patients are vulnerable to infection and at an increased risk of 
developing serious complications from COVID-19, which in turn 
could lead to hospitalization, admission to intensive care units, 
and/or death.3–7 Additionally, further anticancer treatment is 
often postponed due to the need to prioritize treatment for 
COVID-19.2 Therefore, prevention of COVID-19 in cancer 
patients is crucial.

Vaccines are the primary means to prevent COVID-19; more-
over, several formulations have been launched since 
November 2020.8–10 Cancer patients are being prioritized for 
COVID-19 vaccinations globally, considering their poor clinical 
outcomes when infected.11 A prospective study evaluated the 
immunogenicity of COVID-19 vaccine in patients with solid 

tumor cancer using the SARS-CoV-2-IgG II Quant assay 
(Abbott laboratories). This study reported the results of anti- 
severe respiratory syndrome coronavirus-2 (SARS-CoV-2) recep-
tor-binding domain spike protein IgG (anti-RBD) titers of 102 
patients with solid tumor cancers (29 patients with gastrointest-
inal cancer, 26 with lung cancer, 18 with breast cancer, 9 with 
brain cancer, 8 with genitourinary cancer, and the remaining 12 
with other types of cancer) along with 78 healthy subjects.12 After 
two doses of mRNA-BNT162b2 vaccine, the median IgG titer of 
patients with solid tumor cancer was significantly lower than that 
of healthy controls (1931 AU/mL vs. 7160 AU/mL; p < .001).12 

Nevertheless, 90% of patients with solid tumor cancers had 
a positive antibody response when IgG titer of 50 AU/mL or 
higher was defined as positive, which was considered 
adequate.12 Moreover, the vaccination was well tolerated in 
a large prospective cohort study of 816 patients with solid tumor 
cancer (120 with melanoma, 54 with sarcoma, and 250 with breast 
cancer, 168 with lung cancer, 70 with gastrointestinal cancer, 46 
with gynecologic cancer, 89 with genitourinary cancer, 9 with 
head-neck cancer, 3 with cerebral cancer, and 7 with neuroendo-
crine tumor).13 In this study, approximately 3.5% and 1.3% of the 
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cancer patients suffered severe adverse events after the first 
and second vaccinations, whereas total adverse events occurred 
in 44% and 38.3% of patients after the first and second dose, 
respectively.13 However, studies on the immunogenicity and 
safety of the COVID-19 vaccine specific to lung cancer patients 
undergoing chemotherapy are limited; a prospective study of 306 
patients with thoracic malignancies (including 282 patients with 
lung cancer, 13 patients with pleural mesothelioma, and 11 with 
other thoracic malignancies), using the SARS-CoV-2-IgG II 
Quant assay (Abbott laboratories) reported that 93.7% patients 
with thoracic cancer had a positive antibody response after two 
doses when indexed at ≥ 50 AU/mL, although serum anti-RBD 
IgG titers were lower in cancer patients than in healthy controls.14 

Additionally, variations in immunogenicity based on the type of 
anticancer drug administered to patients remain unclear. Finally, 
the correlation between the anti-RBD titers measured using two 
different immunoassays in lung cancer patients are unknown.

Therefore, we undertook a prospective, multicenter cohort 
study to evaluate the immunogenicity and safety of the 
BNT162b2 vaccine in lung cancer patients undergoing antic-
ancer treatment. Non-cancer patients with chronic pulmonary 
diseases represented the control group. Two different immu-
noassays were used to measure both the cancer patients’ and 
controls’ anti-RBD titers.

Materials and methods

Study participants

Lung cancer patients receiving anticancer treatment and non- 
cancer patients with chronic diseases at the pulmonology 
departments of two tertiary hospitals in Japan (Kameda 
Medical Center, Chiba and Chikamori Hospital, Kochi) were 
invited to participate in the study from May 2021 to 
September 2021. Patients were included upon fulfilling the 
following criteria at the time of enrollment: 1) lung cancer 
patients currently undergoing anticancer treatment aged ≥50  
years (lung cancer group), or non-cancer patients with chronic 
diseases aged ≥50 years (non-cancer group); 2) patients who 
voluntarily received the COVID-19 vaccine; 3) patients who 
provided informed written consent to participate in the study. 
Patients meeting any of the following criteria at the time of 
enrollment were excluded: 1) patients with contraindications 
to vaccination; 2) those with a history of COVID-19 infection 
or previous COVID-19 vaccination (including participation in 
clinical trials or clinical studies); 3) those receiving systemic 
steroids or immunosuppressive drugs (except for administra-
tion as an antiemetic for anticancer drugs); 4) those with 
autoimmune diseases under active treatment; 5) those who 
experienced an acute illness requiring antimicrobial agents or 
steroids within a month of enrollment; 6) those with fever or 
acute severe diseases at the time of vaccination; 7) those judged 
by the principal investigator/sub-investigator to be unsuitable 
as research subjects. The study protocol was approved by the 
Hakata Clinic Institutional Review Board (no O-50) and was 
performed in accordance with the Declaration of Helsinki. This 
study was registered with the Japan Registry of Clinical Trials, 
trial number: jRCT1071210024.

During registration, the study participants were asked to fill 
out a self-administered questionnaire with the following infor-
mation: date of birth, sex, age, and allergy history. Additionally, 
the attending physicians collected the following information 
from the participants on the standardized questionnaire: sex, 
age, underlying diseases, and Eastern Cooperative Oncology 
Group performance status. The attending physician gathered 
the following information for lung cancer patients: histological 
type of the lung cancer, cancer stage, and details of anticancer 
treatment.

COVID-19 vaccination

All study participants were administered the BNT162b2 
mRNA COVID-19 vaccine (COMIRNATY® intramuscular 
injection, Pfizer, New York, NY, USA). In Japan, mass vaccina-
tion was undertaken for BNT162b2 vaccines, which were 
stored and prepared according to the package insert. Each 
person received two vaccination doses, 3–4 weeks apart.

Measurement of antibody titers

Blood samples for pre-vaccination antibody titer measure-
ments were collected from study participants within, or at 
most, 14 days before the first COVID-19 vaccination (S0); 
those for post-vaccination antibody titer measurements were 
collected within, or at most, 7 days before the second vaccina-
tion (S1) and 4 ± 1 weeks (21–35 days) after the second vacci-
nation (S2). The collected serum samples were stored at − 20°C 
in the laboratory of the respective hospitals.

Titers of the SARS-CoV-2 anti-RBD and nucleocapsid pro-
tein (anti-N) antibodies were measured from the collected 
blood samples using the following assays: Architect SARS- 
CoV-2 IgG II Quant and SARS-CoV-2 IgG (Abbott 
Laboratories, Abbott Park, Il, USA) and Elecsys Anti-SARS- 
CoV-2 S and Anti-SARS-CoV-2 (Roche Diagnostics, Basel, 
Switzerland).15,16 Architect SARS-CoV-2 IgG II Quant is an 
automated, two-step immunoassay for the qualitative and 
semi-quantitative detection of anti-RBD antibodies against 
SARS-CoV-2 in human serum and plasma using chemilumi-
nescent microparticle immunoassay technology.15 The Elecsys 
Anti-SARS-CoV-2 S uses a recombinant protein representing 
the RBD of the spike antigen in a double-antigen sandwich 
assay format.16 For the Architect assays, the cutoff values for 
a positive anti-RBD (quantitative range: 0–40,000 AU/mL) and 
anti-N test result were ≥50 AU/mL and ≥1.4 index, 
respectively.12,15 For the Elecsys assays, the cutoff values for 
a positive anti-RBD (quantitative range: 0.4–2,500 U/mL) and 
anti-N test result were ≥0.8 U/mL and ≥1.0 COI, respectively.16 

Seropositivity was defined as anti-RBD titers equal to or above 
the positivity cutoff per assay.

Safety

Adverse events associated with COVID-19 vaccination were 
monitored. Within 48 h after the first and second vaccinations, 
the focus was on ocular and respiratory symptoms referring to 
the safety evaluation of influenza vaccines.17,18 Within, or at 
most, 7 days after the first and second vaccinations, the focus 
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was on local reactions at the injection site as well as other 
systemic reactions. The symptoms were documented by the 
participants completing case cards.

Statistical analysis

Since this study aims to report descriptive data on immuno-
genicity and safety, we did not perform statistical hypothesis 
testing in the sample size calculation. Generally, 50 subjects are 
required in a group according to the international standard for 
evaluating the immunogenicity of influenza vaccines.19 

Therefore, we set an approximate sample size of 100 patients 
(50 lung cancer and 50 non-cancer patients).

Study participants positive for anti-N antibodies (i.e., those 
who acquired COVID-19) in blood samples before (S0) and 
after the first (S1) and second (S2) vaccination were excluded 
from all analyses. The immunogenicity of the COVID-19 vac-
cine was measured using the geometric mean antibody con-
centration (GMC) and GMC ratio of the anti-RBD antibody 
titer. We set the following cutoff points for seroprotection 
according to the previous studies: 1) ≥165 BAU/mL, based on 
the 70% vaccine efficacy threshold against symptomatic 
COVID19 infection estimated from a prior clinical trial of 
ChAdOx1 nCoV-19 adenoviral vector vaccine,20 and 2) ≥775 
BAU/mL, based on the 90% vaccine efficacy threshold against 
symptomatic COVID-19 reported in a prior clinical trial of 
mRNA vaccine.21 Although ≥775 BAU/mL is the accepted 
cutoff value,21 165 BAU/mL was also adopted from 
a previous study20 since the present study included elderly 
patients with or without cancer, and the geometric mean of 
the antibody titer of these populations was considered rela-
tively low. According to the international standard for anti- 
SARS-CoV-2 immunoglobulin released by the World health 
Organization,22 manufacturers provided an assay-specific con-
version factor for BAU/mL, which enables cross-comparison 
among different assays.23 Based on the conversion factor sug-
gested by the manufacturers,24 the value of 165 BAU/mL was 
converted to 1,162 AU/mL (BAU/mL × 7.042) and 160 U/mL 
(BAU/mL × 0.971), and that of 775 BAU/mL to 5,458 AU/mL 
(BAU/mL × 7.042) and 753 U/mL (BAU/mL × 0.971) for the 
Architect and Elecsys assays, respectively. During data proces-
sing, anti-RBD antibody titer of 0 AU/mL was regarded as 0.1 
AU/mL for the Architect assay. Anti-RBD antibody titer of 
<0.4 AU/mL and >2,500 was regarded as 0.4 and 2,500 for 
the Elecsys assay, respectively. Reciprocal antibody titers were 
analyzed after logarithmic transformation, and the results are 
presented on the original scale by calculating the antilogarithm. 
Stratified analyses were performed to examine the effects of the 
following potential confounders: age at vaccination (<70, 70– 
74, and ≥75 years), sex, group (lung cancer and non-cancer 
groups), and type of anticancer treatment. The significance of 
the fold-rise within a category was assessed using the Wilcoxon 
signed-rank test. Inter-category comparisons were made using 
the Wilcoxon rank-sum test or the Kruskal–Wallis test. When 
appropriate, the following tests were performed: Student’s t, 
Fisher’s exact, Jonckheere–Terpstra, and Cochran–Armitage 
tests. For example, the Student’s t-test was used to compare 
the age between lung cancer and non-cancer patients in 
Table 1, the Jonckheere–Terpstra test was used to evaluate 

trends in geometric mean antibody concentrations in age cate-
gories in Table 2, whereas the Cochran–Armitage test was used 
to evaluate the trend of the proportions of seropositivity and 
seroprotection in the age categories in Table 3. Additionally, 
the independent effects of potential confounders on antibody 
induction were assessed using logistic regression analysis. 
Models were constructed considering seropositivity or sero-
protection as a dependent variable and the abovementioned 
potential confounders as explanatory variables. Odds ratios 
(ORs) and 95% confidence intervals (CIs) were calculated. All 
tests were two-sided, and all analyses were performed using 
R version 4.1.2 (R Foundation for Statistical Computing; http:// 
www.r-project.org). Differences were considered significant at 
p < .05.

Results

Figure 1 shows the patient selection flow. In total, we enrolled 93 
patients (55 lung cancer and 38 non-cancer patients) in this 
study. One lung cancer patient dropped out; another was posi-
tive for anti-N antibodies on the Architect assay, suggesting 
a previous infection before the first vaccination. After excluding 
these two patients, 91 patients completed the three blood collec-
tions up to 4 weeks after the second vaccination, and were 
evaluated for immunogenicity and safety as they were negative 
for anti-N antibodies in both assays in S0, S1, and S2. All study 
participants were completely vaccinated with the BNT162b2 
COVID-19 vaccine (two doses administered 3–4 weeks apart).

Table 1 lists a comparison of the characteristics between 
lung cancer patients and non-cancer patients included in the 
immunogenicity analysis. There was no difference between the 
lung cancer patients and non-cancer patients with chronic 
diseases in terms of their mean age. No differences existed in 
the proportion of men, history of allergies, or Eastern 
Cooperative Oncology Group performance status between 
lung cancer patients and non-cancer patients. The most fre-
quent underlying diseases were respiratory disease, hyperten-
sion, and dyslipidemia in lung cancer and non-cancer patients. 
No significant differences (p ≥ .05) in underlying diseases 
existed between the two groups. Adenocarcinoma was the 
most common histological type of lung cancer. The most 
common anticancer therapy comprised tyrosine kinase inhibi-
tors (TKIs), followed by immune-checkpoint inhibitors (ICIs).

Table 2 lists the GMC and GMC ratio according to the age, 
sex, group, and type of anticancer treatment. In all subjects, the 
GMC of the BNT162b2 vaccine was 54 AU/mL (p < .001) on 
Architect and 2.0 U/mL (p < .001) on Elecsys after the first 
vaccination and 2,237 (p < .001) AU/mL on Architect and 
322 U/mL (p < .001) on Elecsys after the second vaccination, 
indicating a significant increase. In the stratified analysis con-
sidering underlying disease, the GMCs of lung cancer patients 
were significantly lower than those of the non-cancer patients 
after the first (30 vs. 121 AU/mL, p < .001 on Architect; 4.0 vs 
1.2 U/mL, p < .001, on Elecsys) and second vaccination (1632 
vs. 3472 AU/mL, p = .005, on Architect; 213 vs 573 A/mL, p  
= .002, on Elecsys). Figure 2 depicts changes in the anti-RBD 
antibody titer before vaccination (S0), after first vaccination 
(S1), and after second vaccination (S2) between non-cancer 
and lung cancer patients. Supplementary Figure S1 shows the 
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changes in the anti-RBD antibody titer when converted to 
BAU/mL. Regarding types of anticancer treatments, in lung 
cancer patients, a significant increase (p < .05) in GMC was 
observed after each of the two doses of the BNT162b2 vaccine 
for all treatment types on both Architect and Elecsys. After 
the second vaccination, the GMCs varied significantly (p < .05) 
for various treatments on both Architect and Elecsys; in parti-
cular, lung cancer patients receiving cytotoxic agents showed 
low values of 818 AU/mL and 72 U/mL for Architect and 
Elecsys, respectively. The GMC ratio of S2/S0 was significantly 
different (p = .002) among the types of anticancer treatment on 
Elecsys, whereas no significant difference (p = .145) on 
Architect was observed. The GMC in the Architect assay mea-
sured after the second vaccination (S2) showed a 4.2-fold dif-
ference (3472 [AU/mL]/818 [AU/mL]) between non-cancer 
patients and patients with lung cancer receiving cytotoxic 
drugs. However, when tested by the Elecsys assay, the differ-
ence was further increased by 8-fold (573 [U/mL]/72 [U/mL]). 
Reduced immunogenicity in lung cancer patients was more 
notable with the Elecsys assay compared with the Architect 
assay. Figure 3 shows changes in the anti-RBD antibody titer 

before vaccination (S0), and after the first (S1) and second (S2) 
vaccinations based on the types of anticancer treatment. 
Supplementary Figure S2 shows the changes in the anti-RBD 
antibody titer converted to BAU/mL A reduction in the anti- 
RBD titers in lung cancer patients receiving cytotoxic agents 
after the second vaccination (S2) was more pronounced in the 
results of the Elecsys assay than in those of the Architect assay 
based on the cut off for detection.

Table 3 lists the seropositivity and seroprotection according 
to age, sex, group, and the type of anticancer treatment. Among 
all subjects, seropositivity on Architect and Elecsys was 54% 
and 58% after the first vaccination and 99% and 99% after 
the second vaccination, respectively. Regarding underlying dis-
eases, after the first vaccination (S1), the lung cancer patients 
showed significantly lower rates of seropositivity compared 
with non-cancer patients (38% vs 76%, p < .001 on Architect; 
45% vs 76%, p = .005 on Elecsys). After the second vaccine 
dose, the percentages of lung cancer patients and non-cancer 
patients with positive seropositivity showed no difference (98% 
vs 100%, p = 1.000 on Architect; 98% and 100%, p = 1.000 on 
Elecsys). However, the percentage of seroprotection in lung 

Table 1. Characteristics of study patients included in the immunogenicity analysis.

Variables
Lung cancer Non-cancer
(N = 53) (N = 38) P value*

Age, years (mean±SD） 73.1 (±7.9) 71.2 (±7.5) .242
Male 28 (53) 15 (40) .287
History of allergies 15 (28) 12 (32) .817
ECOG Performance status

1 43 (81) 31 (82) .627
2 8 (15) 7 (18)
3 2 (4) 0 (0)

Underlying disease
Hypertension　　　　 31 (59) 17 (45) .210
Diabetes mellitus 13 (25) 10 (26) 1.000
Dyslipidemia 18 (34) 13 (34) 1.000
Stroke 4 (8) 5 (13) .483
Heart disease 9 (18) 4 (11) .384
Respiratory disease 53 (100) 37 (97) .418
Digestive disease 5 (9) 7 (19) .214
Liver disease 8 (15) 4 (11) .755
Renal disease 5 (9) 2 (5) .695
Neuromuscular disease 1 (2) 2 (5) .569

Histological type of lung cancers
Adenocarcinoma 44 (83)
Squamous cell carcinoma 4 (8)
Small cell carcinoma 5 (9)

Tumor stage
Stage 3 10 (19)
Stage 4 30 (57)
Relapse after surgery 13 (25)

Anticancer treatment
Treatment line

1st 34 (60)
2nd 15 (28)
3rd 4 (8)
4th 2 (4)

Type
Cytotoxic agent 14 (26)

Platinum doublet 8 (15)
Single agent 6 (11)

TKI 20 (38)
Cytotoxic agent + ICI 8 (15)
ICI 11 (21)

Angiogenesis inhibitor 7 (11)

All data except for “Age” are expressed as n (%). 
*Student’s t-test or Fisher’s exact test was performed, as appropriate. 
SD, standard deviation; ECOG, Eastern Cooperative Oncology Group; TKI, tyrosine kinase inhibitor; ICI, 
immune-checkpoint inhibitor.
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cancer patients was lower than that in non-cancer patients for 
the cutoff points ≥1,162 AU/mL (62% vs 87%, p = .016) on 
Architect and ≥160 U/mL (64% and 90%, p = .007) on Elecsys. 
In addition, there were significant differences (p < .05) in the 
percentages of seroprotection after the second vaccination 
among the types of anticancer treatments. Notably, the percen-
tages of seroprotection in lung cancer patients with cytotoxic 
agents were low (43% for ≥1,162 AU/mL, 0% for ≥5,458 AU/mL 
on Architect; 50% for ≥160 U/mL, 0% for ≥753 U/mL on 
Elecsys), whereas those in lung cancer patients receiving ICIs 
were high (73% for ≥1,162 AU/mL, 46% for ≥5,458 AU/mL on 
Architect; 82% for ≥160 U/mL, 46% for ≥753 U/mL on Elecsys), 
which were similar to those in non-cancer patients.

Table 4 lists the adjusted ORs for seropositivity and seropro-
tection after vaccination with the BNT162b2 vaccine. The ORs for 
seropositivity in lung cancer patients were significantly lower (p  
< .05) than those in non-cancer patients (0.20, 95% CI, 0.08–0.55 
on Architect; 0.29, 95% CI, 0.11–0.75 on Elecsys) after the first 
vaccination. The ORs for seroprotection were significantly 
reduced (p < .05) in lung cancer patients after the second vaccina-
tion for the cutoff value of ≥1,162 AU/mL on Architect and ≥160  
U/mL on Elecsys showing 0.22 (95% CI 0.07–0.69) and 0.20 (95% 
CI 0.06–0.68), respectively. Among the anticancer treatment 
types, the ORs for seropositivity in lung cancer patients receiving 
cytotoxic agents were reduced: 0.07 (95% CI: 0.01–0.37) for 
Architect and 0.09 (95% CI 0.02–0.44) for Elecsys after the first 
vaccination and 0.07 (95% CI: 0.01–0.40) for ≥1,162 AU/mL on 
Architect and 0.11 (95% CI 0.02–0.57) for ≥160 U/mL on Elecsys 
after the second vaccination. In contrast, the OR in lung cancer 
patients receiving ICIs after the second vaccination was 0.39 

(0.06–2.28) for ≥1,162 U/mL on Architect and 0.59 (95% CI 
0.08–4.23) for ≥160 U/mL on Elecsys, showing no significant 
difference (p ≥ .05) compared with that in non-cancer patients.

Table 5 lists the adverse reactions to the BNT162b2 
COVID-19 vaccination. There were no differences (p ≥ .05) in 
ocular or respiratory symptoms within 48 h, local reactions 
(within 48 h, and 48 h to 1 week), or systemic reactions (within 
48 h, and 48 h to 1 week) between lung cancer patients and 
non-cancer patients after the first vaccination. Local reactions 
within 48 h post-vaccination were observed in 79% of lung 
cancer patients and 81% of non-cancer patients (p = 1.000). 
The most frequent local reaction within 48 h after the first 
vaccination was pain (72% in lung cancer patients and 78% 
in non-cancer patients, p = .624). Forty-two percent of lung 
cancer patients and 47% of non-cancer patients had systemic 
reactions within 48 h after the first vaccination (p = .666). No 
significant differences (p ≥ .05) in adverse reactions were noted 
after the second vaccination, except for itching being more 
common (p = .034) within 48 h in non-cancer patients. Local 
reactions within 48 h after the second vaccination increased 
compared with that after the first vaccination (83% in lung 
cancer patients and 84% in non-cancer patients, p = 1.000). 
Systemic reactions within 48 h after the second vaccination 
also increased compared with that after the first vaccination 
(65% of lung cancer patients and 68% of non-cancer patients, p  
= 1.000). The frequencies of fever (27% vs. 19%, p = .453), 
fatigue (36% vs. 43%, p = .516), and myalgia (26% vs. 38%, p  
= .259) in lung cancer patients vs. non-cancer patients, respec-
tively, were particularly high. Most cases were mild and did not 
affect daily life.

Table 2. Comparison of the geometric mean concentration (GMC) and GMC ratio of the anti-RBD antibodies among study participants stratified by age, sex, group, and 
the type of anticancer treatment.

Anti-RBD titer (Architect) Anti-RBD titer (Elecsys)

GMC [AU/mL] GMC ratio GMC [U/mL] GMC ratio

N S0 S1 S2 S1/S0 S2/S0 S0 S1 S2 S1/S0 S2/S0

Total 91 2.8 54 2237 19 (p < .001) 794 (p < .001) 0.40 2.0 322 5.0 (p < .001) 799 (p < .001) 

Age, years

<70 24 2.0 69 2937 35 (p < .001) 1484 (p < .001) 0.40 2.1 371 5.2 (p < .001) 928 (p < .001)
70–75 34 3.7 61 2316 17 (p < .001) 633 (p < .001) 0.41 2.9 315 7.0 (p < .001) 771 (p < .001)
≥75 33 2.8 39 1771 14 (p < .001) 637 (p < .001) 0.40 1.3 297 3.4 (p < .001) 742 (p < .001)

p = .693 p = .130 p = .221 p = .183 p = .135 p = .974 p = .181 p = .796 p = .178 p = .796

Sex

Male 43 3.1 36 1908 12 (p < .001) 612 (p < .001) 0.40 1.9 248 4.8 (p < .001) 621 (p < .001)
Female 48 2.6 78 2580 30 (p < .001) 1002 (p < .001) 0.41 2.1 406 5.1 (p < .001) 1001 (p < .001)

p = .373 p = .042 p = .184 p = .019 p = .099 p = .355 p = .212 p = .143 p = .221 p = .152

Group

Non-cancer 38 3.1 121 3472 39 (p < .001) 1120 (p < .001) 0.41 4.0 573 9.8 (p < .001) 1404 (p < .001)
Lung cancer 53 2.6 30 1632 11 (p < .001) 621 (p < .001) 0.40 1.2 213 3.1 (p < .001) 533 (p < .001)

p = .141 p < .001 p = .005 p = .003 p = .093 p = .247 p < .001 p = .002 p < .001 p = .002

Type of anticancer treatment 

Non-cancer 38 3.1 121 3472 39 (p < .001) 1120 (p < .001) 0.41 4.0 573 9.8 (p < .001) 1404 (p < .001)
Lung cancer with cytotoxic agents 14 2.9 13 818 4.6 (p = .011) 280 (p < .001) 0.40 0.6 72 1.6 (p = .100) 181 (p = .002)
Lung cancer with TKI 20 2.4 59 1584 24 (p < .001) 646 (p < .001) 0.40 2.1 254 5.3 (p < .001) 636 (p < .001)
Lung cancer with cytotoxic agents and ICI 8 2.2 48 2467 22 (p = .008) 1146 (p = .008) 0.40 2.4 319 5.9 (p = .059) 797 (p = .008)
Lung cancer with ICI 11 3.0 18 3074 5.9 (p = .007) 1019 (p = .007) 0.40 0.6 455 1.6 (p = .059) 1137 (p < .001)

p = .481 p < .001 p = .006 p = .003 p = .145 p = .845 p < .001 p = .002 p < .001 p = .002

S0, within 14 days before the first vaccination; S1, within 7 days before the second vaccination; S2, 4 ± 1 weeks (21–35 days) after the second vaccination. 
Architect, Architect SARS-CoV-2 IgG II Quant (Abbott Laboratories); Elecsys, Elecsys Anti-SARS-CoV-2 S (Roche Diagnostics). 
For statistical analysis, the Wilcoxon rank-sum test, Wilcoxon signed-rank test, Kruskal-Wallis test, and Jonckheere-Terpstra test were performed as appropriate. 
Anti-RBD, anti-severe respiratory syndrome coronavirus-2 receptor-binding domain spike protein IgG; GMC, geometric mean concentration; ICI, immune-checkpoint 
inhibitor; TKI, tyrosine kinase inhibitor.
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Discussion

Herein, we evaluated the immunogenicity and safety of the 
BNT162b2 COVID-19 vaccine after the first and second vacci-
nations in lung cancer patients and compared them with those 
in non-cancer patients. Lung cancer patients showed 
a significant increase in the GMC; however, the GMC was 
significantly lower in these patients than in non-cancer 
patients. In the multivariate analysis, the adjusted OR for 
seropositivity and seroprotection (≥1,162 AU/mL for 
Architect and ≥160 AU/mL for Elecsys) by the BNT162b2 
vaccine was significantly lower (p < .05) in lung cancer patients 
than in non-cancer patients. In the analysis of the anticancer 
treatment types, the adjusted OR for seropositivity and 

seroprotection (≥1,162 AU/mL for Architect and ≥160 AU/ 
mL for Elecsys) was significantly lower (p < .05) in lung cancer 
patients receiving cytotoxic agents than in non-cancer patients. 
Additionally, there was no increase in the number of adverse 
reactions in lung cancer patients compared with that in non- 
cancer patients.

Several studies have shown that the immunogenicity of the 
COVID-19 vaccine is reduced in cancer patients; moreover, 
inadequate antibody responses have been reported, especially 
in cancer patients vaccinated with a single dose.12,25,26 A lower 
seroconversion rate of anti-spike IgG antibody has been 
reported especially in patients with hematologic malignancies 
and those receiving the anti-CD20 antibody.25,27,28 Conversely, 

Table 3. Seropositivity and seroprotection among study participants stratified by age, sex, group, and the type of anticancer treatment.

Anti-RBD titer (Architect) Anti-RBD titer (Elecsys)

Seropositivity  
≥50 [AU/mL]

Seroprotection 
≥1,162 [AU/mL]

Seroprotection 
≥5,458 [AU/mL]

Seropositivity  
≥0.8 [U/mL]

Seroprotection  
≥160 [U/mL]

Seroprotection 
≥753 [U/mL]

N S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2

Total 91 49 (54) 90 (99) 1 (1) 66 (73) 0 (0) 25 (27) 53 (58) 90 (99) 1 (1) 68 (75) 0 (0) 27 (30)

Age, years

<70 24 17 (71) 24 (100) 0 (0) 21 (88) 6 (25) 15 (63) 24 (100) 1 (4) 20 (83) 7 (29)
70–75 34 21 (62) 34 (100) 1 (3) 22 (65) 10 (29) 22 (65) 34 (100) 0 (0) 24 (71) 10 (29)
≥75 33 11 (33) 32 (97) 0 (0) 23 (70) 9 (27) 16 (49) 32 (97) 0 (0) 24 (73) 10 (30)

p = .004 p = .249 p = .899 p = .176 p = .875 p = .251 p = .249 p = .159 p = .402 p = .923

Sex

Male 43 19 (44) 42 (98) 1 (2) 28 (65) 11 (26) 21 (49) 42 (98) 1 (2) 29 (67) 12 (28)
Female 48 30 (63) 48 (100) 0 (0) 38 (79) 14 (29) 32 (67) 48 (100) 0 (0) 39 (81) 15 (31)

p = .095 p = .473 p = .473 p = .162 p = .815 p = .094 p = .473 p = .472 p = .152 p = .820

Group

Non-cancer 38 29 (76) 38 (100) 1 (3) 33 (87) 12 (32) 29 (76) 38 (100) 0 (0) 34 (90) 15 (40)
Lung cancer 53 20 (38) 52 (98) 0 (0) 33 (62) 13 (25) 24 (45) 52 (98) 1 (2) 34 (64) 12 (23)

p < .001 p = 1.000 p = .418 p = .016 p = .484 p = .005 p = 1.000 p = 1.000 p = .007 p = .105

Type of anticancer treatment

Non-cancer 38 29 (76) 38 (100) 1 (3) 33 (87) 12 (32) 29 (76) 38 (100) 0 (0) 34 (90) 15 (40)
Lung cancer with cytotoxic 

agents
14 3 (21) 13 (93) 0 (0) 6 (43) 0 (0) 3 (21) 13 (93) 0 (0) 7 (50) 0 (0)

Lung cancer with TKI 20 12 (60) 20 (100) 0 (0) 14 (70) 5 (25) 13 (65) 20 (100) 0 (0) 14 (70) 4 (20)
Lung cancer with cytotoxic 

agents and ICI
8 4 (50) 8 (100) 0 (0) 5 (63) 3 (38) 5 (63) 8 (100) 1 (13) 4 (50) 3 (38)

Lung cancer with ICI 11 1 (9) 11 (100) 0 (0) 8 (73) 5 (46) 3 (27) 11 (100) 0 (0) 9 (82) 5 (46)
p < .001 p = .363 p = 1.000 p = .022 p = .0496 p = .001 p = .363 p = .088 p = .012 p = .017

S1, within 7 days before the second vaccination; S2, 4 ± 1 weeks (21–35 days) after the second vaccination. 
Architect, Architect SARS-CoV-2 IgG II Quant (Abbott Laboratories); Elecsys, Elecsys Anti-SARS-CoV-2 S (Roche Diagnostics). 
For statistical analysis, Kruskal‒Wallis test, Jonckheere‒Terpstra test, and Cochran – Armitage test were performed as appropriate. 
Anti-RBD, anti-severe respiratory syndrome coronavirus-2 receptor-binding domain spike protein IgG; ICI, immune-checkpoint inhibitor; TKI, tyrosine kinase inhibitor.

Figure 1. Patient selection flow.
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patients with solid tumors may have a sufficient seroconversion 
rate after two doses of mRNA vaccination.12,14,25,27 Studies 
using the same Abbott reagent for anti-RBD antibodies, as in 
our study, reported that completely vaccinated patients with 
solid tumors showed 90–98% of seropositivity at a cutoff value 

≥50 AU/mL.12,14,27 Here, we found 98% seropositivity at 
a cutoff value ≥50 AU/mL on Architect in lung cancer patients 
receiving anticancer treatment. Nevertheless, patients with 
solid tumors reportedly had a lower titer of anti-spike IgG 
than healthy subjects, even after complete vaccination.12,14,29 

Figure 2. Changes in the anti-RBD antibody titer before vaccination (S0), after first vaccination (S1), and after second vaccination (S2) between non-cancer and lung 
cancer patients. A red triangle in each box shows the geometric mean titers, whereas the black horizontal line in the middle shows the median of the log-transformed 
antibody titers. A. Anti-RBD titer on Architect. B. Anti-RBD titer on Elecsys. The GMCs of lung cancer patients were significantly lower than those of the non-cancer 
patients after the first vaccination (30 vs. 121 AU/mL, p < .001 on Architect; 4.0 vs 1.2 U/mL, p < .001 on Elecsys) and second vaccination (1,632 vs. 3,472 AU/mL, p = .005 
on Architect; 213 vs 573 A/mL, p = .002 on Elecsys). Anti-RBD, anti-severe respiratory syndrome coronavirus-2 receptor-binding domain spike protein IgG; S0, within 14 
days before the first vaccination; S1, within 7 days before the second vaccination; S2, 4 ± 1 weeks (21–35 days) after the second vaccination; Architect, Architect SARS- 
CoV-2 IgG II Quant (Abbott Laboratories); Elecsys, Elecsys Anti-SARS-CoV-2 S (Roche Diagnostics)

Figure 3. Changes in the anti-RBD antibody titer before vaccination (S0), after first vaccination (S1), and after second vaccination (S2) based on types of anticancer 
treatment. A red triangle in each box shows the geometric mean titers, whereas the black horizontal line in the middle shows the median of the log-transformed 
antibody titers. A. Anti-RBD titer on Architect. B. Anti-RBD titer on Elecsys. Anti-RBD, anti-severe respiratory syndrome coronavirus-2 receptor-binding domain spike 
protein IgG; LC, lung cancer; ICI, immune-checkpoint inhibitor; TKI, tyrosine kinase inhibitor; S0, within 14 days before the first vaccination; S1, within 7 days before 
the second vaccination; S2, 4 ± 1 weeks (21–35 days) after the second vaccination; Architect, Architect SARS-CoV-2 IgG II Quant (Abbott Laboratories); Elecsys, Elecsys 
Anti-SARS-CoV-2 S (Roche Diagnostics)
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Here, the GMC was significantly lower in lung cancer patients 
than in non-cancer patients, considering a stratified analysis.

Recent studies have shown an association between antibody 
titer and vaccine efficacy.20,21,23,30,31 In our study, we adopted 
two cutoff points for seroprotection according to previous 
studies.20,21 There was no difference in the percentage of ser-
opositivity between lung cancer patients and non-cancer 
patients after two doses of vaccination; however, the percen-
tage of seroprotection in lung cancer patients was lower than 
that in non-cancer patients with cutoff values of ≥1,162 AU/ 
mL and ≥160 AU/mL for Architect and Elecsys, respectively. 
Furthermore, a significant decrease was observed in the 
adjusted OR for seroprotection with cutoff values of ≥1,162 
AU/mL and ≥160 AU/mL for Architect and Elecsys, respec-
tively. Compared to that in non-cancer patients, the immuno-
genicity of the COVID-19 vaccine in lung cancer patients 
undergoing anticancer treatment could be inadequate.

Several studies have reported that cytotoxic agents reduce 
the immunogenicity of COVID-19 vaccines in patients with 
solid tumor cancer.14,29,32–34 Consistent with previous findings, 
in this study, the OR for seroprotection at cutoff values of 
≥1,162 AU/mL for Architect and ≥160 U/mL for Elecsys after 
two vaccination doses was significantly decreased in lung can-
cer patients undergoing treatment with cytotoxic agents. 
A cytotoxic agent is designed to destroy rapidly growing 
tumor cells, but will inevitably also impair hematopoiesis. 
Moreover, the full functional capacity of immune cells depends 
on the clonal expansion of antigen specific lymphocytes and is 
therefore adversely affected.35 Thus, cytotoxic agents may inhi-
bit antibody production. Additionally, there are limited data on 
whether TKIs affect the immunogenicity of COVID-19 
vaccines.14,32 In a study evaluating patients with thoracic can-
cer using the Abbott reagent used in the present study, TKI 
treatment was associated with a reduced antibody response to 
BNT162b2 COVID-19 vaccine compared with that in health 
controls.14 Similarly, in our study, the adjusted OR for ≥1,162 
AU/mL on Architect and ≥160 AU/mL on Elecsys after two 
vaccination doses tended to decrease in patients treated with 
TKIs, although not significantly (p ≥ .05). Several studies have 
reported that ICIs do not decrease the immunogenicity of 
COVID-19 vaccines.27,36 Notably, the adjusted ORs for sero-
protection in patients receiving ICIs were 0.39 (0.06–2.28) for 
≥1,162 U/mL on Architect and 0.59 (95% CI 0.08–4.23) for 
≥160 U/mL on Elecsys after the second vaccination, which did 
not decrease as compared with that in non-cancer patients.

The GMC ratio of S2/S0 was significantly different between 
groups and among types of anticancer treatment on Elecsys, 
whereas it was insignificant on Architect. In addition, a more 
exaggerated fold difference in the Elecsys assay antibody titer 
between non-cancer patients and patients with lung cancer 
receiving cytotoxic agents was observed after the second vacci-
nation (S2). First, this may reflect the assay-specific handling of 
values below the limit of detection and setting of the zero-value 
baseline; the limit of detection per manufacturers’ definitions is 
set at 0.35 U/mL for the Elecsys and 6.8 AU/mL for the 
Architect assay. Secondly, it is of note that the Elecsys assay 
uses a double-antigen sandwich method,16 which in other stu-
dies has been shown to better detect antibodies with higher 
avidity,37,38 compared with the two-step Architect 

immunoassay.15 The avidity was determined by the colorimetric 
comparison of optical density values obtained using enzyme- 
linked immunosorbent assay with and without the addition of 
a 5.5 M urea treatment step.38 Third, the difference in epitope39 

targeted by the two assays might also have affected the measured 
titers. A recent study demonstrated the different kinetics of the 
two immunoassays in healthy adults.40 In the study, the anti- 
RBD titers after six months from the second vaccination were 
more attenuated in Architect (Abbott) than in Elecsys (Roche) 
even though the changes in antibody titers were similar until 
one month after the second vaccination. The authors speculated 
that the attenuation of antibodies in Elecsys was less than that in 
Architect owing to the detection of antibodies with higher 
avidity by Elecsys because time intervals and additional vaccine 
doses increase the maturation and activity of antibodies induced 
against the target antigen.41 In this study, we only evaluated the 
short-term immunogenicity and safety. High avidity IgG report-
edly plays an important role in immunity against SARS-CoV 
-2.42 Further studies are thus needed to evaluate the kinetics of 
antibody titers in immunocompromised patients, such as 
patients with cancer, to determine differences in assays and the 
longitudinal changes, such as after 6 months post-vaccination.

The short-term safety of the COVID-19 vaccine in cancer 
patients undergoing treatment is reportedly comparable to that 
in healthy subjects.29 In a review of seven studies-three including 
patients with hematologic malignancies, two including those with 
solid tumors, and two including those with both types of cancer – 
the authors reported that frequencies of local and systemic reac-
tions did not differ between cancer patients and healthy subjects 
after partial and full vaccination.29 A large cohort study that 
evaluated 1,753 patients, including 1,094 with solid tumors and 
89 with hematologic malignancies, revealed few differences in the 
frequency of adverse reactions between cancer and non-cancer 
patients.43 Here, no increase in adverse reactions was observed in 
patients with lung cancer after either the first or second vaccina-
tion dose.

Furthermore, we observed a significant increase in anti-
body titers and an acceptable safety level of BNT162b2 
COVID-19 vaccination in lung cancer patients undergoing 
anticancer treatment, which could support the use of 
COVID-19 vaccination in this patient group. However, com-
pared with that in non-cancer patients, immunogenicity may 
be inadequate. Further studies are needed to determine 
whether increased mRNA dosage, vaccine types, mixing vac-
cine types, vaccination timing, or additional doses enhance 
immunogenicity in cancer patients under treatment. Cancer 
patients should continue to be prioritized for vaccination. 
Studies evaluating the immunogenicity of COVID-19 vacci-
nation in cancer patients are increasing in number; however, 
only a few have evaluated clinical outcomes such as the 
incidence of infection, hospitalization, and death.25,44,45 

Further studies are needed to evaluate the effectiveness of 
COVID-19 vaccination in cancer patients considering the 
various cancer types, administered vaccine, type of anticancer 
treatment, number of doses, timing of vaccination, mixed 
vaccination, immunogenicity by assay method, and clinical 
outcomes such as incidence of COVID-19 and death attribu-
table to COVID-19. Even after vaccination, infection control 
measures, including universal wearing of masks and social 
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distancing, continue to be important for lung cancer patients 
undergoing anticancer treatment.

Our study has some limitations. First, the sample size was 
small. Nevertheless, this was a multicenter study and, to date, 
only a few have focused on lung cancer patients alone. The 
sample size of 53 lung cancer patients was relatively large 
compared with those in previous studies, and we were able to 
undertake a multivariate analysis considering various types of 
anticancer treatment. Second, we did not evaluate the cellular 
immunity associated with the COVID-19 vaccination. However, 
the anti-RBD antibody titer evaluated here is reportedly corre-
lated with the efficacy of the COVID-19 vaccination.20,21,23 

Third, only short-term immunogenicity and safety were evalu-
ated here. However, as this study is ongoing, antibody titers and 
adverse events, including immune-related events, at 6 months 
after the second vaccination will be reported in a future paper.

In conclusion, BNT162b2 vaccination in lung cancer 
patients undergoing anticancer treatment significantly 
increased the antibody titers with acceptable safety. 
Compared to non-cancer patients, the COVID-19 RBD immu-
nogenicity in the lung cancer patients could be inadequate. 
Further studies and infection control measures to protect 
lung cancer patients from COVID-19 are therefore warranted.
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