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IMPORTANCE Patients with cancer and health care workers (HCWs) are at high risk of

SARS-CoV-2 infection. Assessing the antibody status of patients with cancer and HCWs can

help understand the spread of COVID-19 in cancer care.

OBJECTIVE To evaluate serum SARS-CoV-2 antibody status in patients with cancer and HCWs

during the COVID-19 pandemic in Japan.

DESIGN, SETTING, AND PARTICIPANTS Participants were enrolled for this prospective

cross-sectional study between August 3 and October 30, 2020, from 2 comprehensive

cancer centers in the epidemic area around Tokyo, Japan. Patients with cancer aged 16 years

or older and employees were enrolled. Participants with suspected COVID-19 infection at the

time of enrollment were excluded.

EXPOSURES Cancer of any type and cancer treatment, including chemotherapy, surgery,

immune checkpoint inhibitors, radiotherapy, and targetedmolecular therapy.

MAIN OUTCOMES ANDMEASURES Seroprevalence and antibody levels in patients with cancer

and HCWs. Seropositivity was defined as positivity to nucleocapsid IgG (N-IgG) and/or spike

IgG (S-IgG). Serum levels of SARS-CoV-2 IgM and IgG antibodies against the nucleocapsid and

spike proteins were measured by chemiluminescent enzyme immunoassay.

RESULTS A total of 500 patients with cancer (median age, 62.5 years [range, 21-88 years];

265men [55.4%]) and 1190 HCWs (median age, 40 years [range, 20-70 years]; 382men

[25.4%]) were enrolled. In patients with cancer, 489 (97.8%) had solid tumors, and 355

(71.0%) had received anticancer treatment within 1 month. Among HCWs, 385 (32.3%) were

nurses or assistant nurses, 266 (22.4%) were administrative officers, 197 (16.6%) were

researchers, 179 (15.0%) were physicians, 113 (9.5%) were technicians, and 50 (4.2%) were

pharmacists. The seroprevalence was 1.0% (95% CI, 0.33%-2.32%) in patients and 0.67%

(95% CI, 0.29%-1.32%) in HCWs (P = .48). However, the N-IgG and S-IgG antibody levels

were significantly lower in patients than in HCWs (N-IgG: β, −0.38; 95% CI, −0.55 to −0.21;

P < .001; and S-IgG: β, −0.39; 95% CI, −0.54 to −0.23; P < .001). Additionally, among

patients, N-IgG levels were significantly lower in those who received chemotherapy than in

those who did not (median N-IgG levels, 0.1 [interquartile range (IQR), 0-0.3] vs 0.1 [IQR,

0-0.4], P = .04). In contrast, N-IgG and S-IgG levels were significantly higher in patients who

received immune checkpoint inhibitors than in those who did not (median N-IgG levels: 0.2

[IQR, 0.1-0.5] vs 0.1 [IQR, 0-0.3], P = .02; S-IgG levels: 0.15 [IQR, 0-0.3] vs 0.1[IQR, 0-0.2],

P = .02).

CONCLUSIONS AND RELEVANCE In this cross-sectional study of Japanese patients with cancer

and HCWs, the seroprevalence of SARS-CoV-2 antibodies did not differ between the 2 groups;

however, findings suggest that comorbid cancer and treatment with systemic therapy,

including chemotherapy and immune checkpoint inhibitors, may influence the immune

response to SARS-CoV-2.
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A
n outbreak of pneumonia of unknown etiology was

reported inWuhanCity,Hubei Province, China, inDe-

cember 2019. It was identified as pneumonia caused

bynovel coronavirus SARS-CoV-2, and thediseasewasnamed

COVID-19 by the World Health Organization. COVID-19 has

spread globally, and thenumber of newcases reported is con-

tinuously rising. As of February 1, 2021, there have beenmore

than 102 million confirmed cases with 2.22 million deaths

worldwide and 389000 cases with 5722 deaths in Japan.1

Several diagnostic methods have been developed to date

aiming to manage and control the infection. The standard

diagnostic test for current SARS-CoV-2 infection is a per-

formed by reverse-transcription polymerase chain reaction

(RT-PCR) to detect SARS-CoV-2 RNA from the upper respira-

tory tract.2 However, PCR testing carries the risk of exposure

to health care workers (HCWs) at the time of specimen col-

lection and of false-negative results owing specimen type

and quality. Meanwhile, a serological test to detect antibod-

ies to SARS-CoV-2 is better suited to measure the extent of

the disease by detecting previously infected individuals,

including those who were not diagnosed by RT-PCR.3 The

serological test also identifies individuals who may have

acquired immunity to infection.

Patients with cancer are more susceptible to infections

owing to tumor cachexia,malnutrition, and immunosuppres-

sion from the cancer itself and anticancer treatment. Al-

though the incidence of COVID-19 among patients with can-

cer varies across reports,4-9 it is higher than in the general

population.10Additionally,patientswithcancerdiagnosedwith

COVID-19 have a higher risk of severe illness and death com-

pared with the overall population.11-13

Similarly, HCWs work in contact with patients with sus-

pected or confirmed COVID-19 and may be at high risk of

COVID-19 infection.14 However, several reports have shown

that theseroprevalenceofSARS-CoV-2antibodies inHCWswas

similar to that in general populations.15,16 There have been

no studies evaluating the seroprevalence of SARS-CoV-2 in

asymptomatic patientswith cancer andHCWs to evaluate the

extent of COVID-19 spread in the community. We aimed to

assess the seroprevalence of SARS-CoV-2 infection and anti-

body levels in patients with cancer and HCWs, considered as

controls, to help understand the spread and risk of COVID-19

inpatientswith cancer,whichhas significant implications for

cancer care.

Methods

Study Design

This prospective cross-sectional study was conducted at the

National Cancer Center (NCC), Japan, in collaboration with

Sysmex Co. The NCC has 2 comprehensive cancer centers,

the 538-bed NCC Hospital located in Tsukiji, Tokyo, and the

425-bed NCC Hospital East, located in Kashiwa, Chiba. The

Tokyo and Chiba prefectures have respectively reported the

highest and the sixth-highest cumulative numbers of SARS-

CoV-2 infections in Japan. The study included 2 cohorts:

(1) patients with cancer at the NCC Hospital and (2) HCWs at

the NCC Hospital and NCC Hospital East. Participants with

suspected current SARS-CoV-2 infection, such as those with

fever and/or respiratory symptoms at the time of enroll-

ment, were excluded.

Institutional review board and ethics committee ap-

proval was obtained from our institutions. The study was

conducted inaccordancewith theDeclarationofHelsinki.17All

participants provided written informed consent before the

study-related procedures. This study followed the Strength-

ening the Reporting of Observational Studies in Epidemiol-

ogy (STROBE) reporting guideline.

Patient Cohort

All inpatientsandoutpatientswithcanceraged16yearsorolder

were considered eligible. The registration period was from

August 3 to 31, 2020.We collected clinical and treatment data

of all patients frommedical records.

Health CareWorker Cohort

All HCWs at the NCCHospital and NCCHospital East were in-

vitedbyposters to participate in this study. Participantswith-

out suspected symptoms of COVID-19 were eligible. The reg-

istration period was from September 1 to October 30, 2020.

Health careworkerswho consented to the studywere given a

self-administeredquestionnaire. The information collected in

the questionnaire is described in eMethods 2 in the Supple-

ment. Only the NCC Hospital had secured an inpatient ward

for patients with COVID-19 but without cancer from April 15,

2020.

SARS-CoV-2 Antibody Test

SARS-CoV-2 IgM and IgG antibodies against the nucleocapsid

(N) and spike (S) proteins weremeasured using a highly quan-

titative and reproducible assay, as previously reported.18 This

assayusesa fullyautomated immunochemistryanalyzerbased

on the chemiluminescence enzyme immunoassay methodol-

ogy, namely the high-sensitivity chemiluminescence enzyme

immunoassay platform (Sysmex Co.) (details in eMethods 1 in

the Supplement). The sensitivity and the specificity for N-IgG

were 100% and 99.8%, respectively, and those for S-IgG were

98.3%and99.6% (eFigure 1 in the Supplement). Details of cut-

off value setting are provided in eMethods 1 in the Supple-

ment.The seropositivity in this studywasdefinedas apositive

Key Points

Question Are there differences in seroprevalence and antibody

levels for SARS-CoV-2 between patients with cancer and health

care workers (HCWs) during the COVID-19 pandemic in Japan?

Findings In this cross-sectional study including 500 patients with

cancer and 1190 HCWs, the seroprevalence was 1.0% in patients

and 0.67% in HCWs. However, the levels of IgG antibodies against

nucleocapsid and spike protein were significantly lower in patients

than in HCWs.

Meaning These findings indicate that seroprevalence was not

different in patients with cancer compared with HCWs, but the

immune response to SARS-CoV-2may differ between patients

with cancer and HCWs.
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result for either the N-IgG or the S-IgG antibody test. All tests

were performed at Tsukiji Laboratory, Riken Genesis Co Ltd.

Statistical Analysis

The primary end point was SARS-CoV-2 antibody level and

seroprevalence in patientswith cancer andHCWs. The SARS-

CoV-2 antibody levels and seroprevalence were evaluated in

theoverallpopulation (intention-to-treat [ITT]population)and

in thepopulationwithoutahistoryofCOVID-19 (analysispopu-

lation). The association between clinical factors and SARS-

CoV-2 antibody status was examined. Continuous variables

were reported asmedian (range and interquartile range [IQR])

andcomparedusing theMann-WhitneyUtest.Categoricalvari-

ables were reported as numbers and percentages and com-

pared by the χ2 test. Multivariable regression analysis was

performed to analyze the association between SARS-CoV-2

antibody levels and variables. The 2-sided 95%CI of the sero-

prevalencewas calculated.All testswere 2-tailed, and the sig-

nificance levelwas set at α = .05. Statistical analyseswereper-

formed using StatFlex version 7.0 software (Artech Co. Ltd),

STATA version 15.1 (StataCorp), and GraphPad Prism version

8.0 (GraphPad Software).

Results

Baseline Characteristics of the Study Participants

A total of 1690 participants were enrolled in this study: 500

patients with cancer (median age, 62.5 years [range, 21-88

years]; 265 men [55.4%] and 235 women [44.6%]) and 1190

HCWs (median age, 40 years [range, 20-70 years]; 382 men

[25.4%] and 888 women [74.6%]). Most patients with cancer

had solid tumors (489 of 500 [97.8%]), whereas 11 (2.2%) had

hematological malignancies. The most common cancer type

was lung cancer (84of 500 [16.8%]), followedbyprimary cen-

tral nervous systemcancer (75of 500 [15.0%]) andbreast can-

cer (66 of 500 [13.2%]). Among HCWs, approximately one-

third (385 of 1190 [32.3%]) were nurses or assistant nurses,

22.4% (266) were administrative officers, 16.6% (197) were

researchers, 15.0%(179)werephysicians, 9.5%(113)were tech-

nicians, and 4.2% (50) were pharmacists (Figure 1).

The baseline characteristics of the study participants are

shown inTable 1. Patientswith cancer, comparedwithHCWs,

weremore frequentlymale (265 [53.0%]vs382 [25.4%]), older

(≥65years, 223 [44.6%]vs 13 [1.1%]), andpast or current smok-

ers (265 [53.0%] vs 166 [14.0%]) comparedwithHCWs. There

were also more participants with hypertension (130 [26.0%]

vs 65 [3.8%]), diabetes (68 [13.6%] vs 8 [0.7%]), and chronic

kidney disease among patients with cancer. Three partici-

pants in each cohort (patients, 0.6%; HCWs, 0.25%) had a

history of SARS-CoV-2 infection diagnosed byRT-PCR test. In

the patient cohort, 287 (57.4%) had advanced disease. Three

hundred fifty-five (71.0%) patients had received any antican-

cer treatment within 1 month of study enrollment, including

35 (7.0%)having receivedsurgery, 24 (4.8%) radiotherapy, 204

(40.8%) cytotoxic chemotherapy, 44 (8.8%) immune check-

point inhibitors (ICIs), and 91 (18.4%) molecular targeted

therapy (Table 2).

Serum SARS-CoV-2 Antibody Status in Patients

With Cancer and HCWs

Regarding the seroprevalence of SARS-CoV-2 antibodies, 13 of

1690participants (0.77%;95%CI.0.41%-1.31%)were seroposi-

tive for either N-IgG or S-IgG, including 7 participants who

Figure 1. Study FlowDiagram

1690 Study participants (ITT population)

1684 Analysis after excluding participants previously diagnosed with COVID-19 (analysis population)

497 No history of COVID-19

1190 Health care worker cohort

700 NCC Hospital, Tokyo

490 NCCE Hospital, Chiba

500 Patient cohort (age ≥16 y) from NCC 
Hospital, Tokyo

1187 No history of COVID-19

Professional category

385 Nurse/assistant nurse (32.3%)

266 Administrative officer (22.4%)

197 Researcher (16.6%)

179 Physician (15.0%)

113 Technician (9.5%)

50 Pharmacist (4.2%)

Type of malignant neoplasm

84 Lung cancer (16.8%)

75 Primary CNS tumor (15.0%)

66 Breast cancer (13.2%)

50 Pancreatic cancer (10.0% )

33 Esophageal cancer (6.6%)

29 Head and neck cancer (5.8%)

27 Colorectal cancer (5.4%)

22 Sarcoma (4.4%)

20 Melanoma (4.0%)

10 Malignant lymphoma (2.0%)

1 Acute leukemia (0.2%)

3 Previously diagnosed with

COVID-19
3 Previously diagnosed with

COVID-19

ITT indicates intention-to-treat;

NCC, National Cancer Center;

NCCE, National Cancer Center East;

CNS, central nervous system.
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tested positive for both. Five of the 500 patients with cancer

(1.0%; 95% CI, 0.33%-2.32%) were seropositive. Eight of the

1190 HCWswere seropositive (0.67%; 95% CI, 0.29%-1.32%).

The difference in the seroprevalence of SARS-CoV-2 antibod-

ies between patients with cancer and HCWs was not signifi-

cant (P = .48) in the ITT population. In the analysis popula-

tion, after excluding the 6 participants with a previous

diagnosis, there was also no difference in the seroprevalence

of SARS-CoV-2 antibodies between patients with cancer and

HCWs (0.4% [2 of 497] vs 0.42% [5 of 1187]; P = .96). The

seroprevalencewashigher inparticipantswhohadhadCOVID-

19–related symptoms among both patients with cancer and

HCWs (COVID-19–related symptoms vs no symptom; 7.14% [1

of 14] vs 0.21% [1 of 483] in patients with cancer [P < .001];

2.94% [2 of 68] vs 0.27% [3 of 1119] in HCWs [P < .001]).

Furthermore, serumSARS-CoV-2antibody levelswere sig-

nificantly lower in patients with cancer than in HCWs in the

ITT population. The median N-IgG and S-IgG levels were

0.1 SU/mL (IQR, 0-0.3 SU/mL) and 0.1 SU/mL (IQR, 0.1-

0.2 SU/mL), respectively, inpatientswith cancer vs0.2 SU/mL

(IQR, 0.1-0.5 SU/mL) and 0.2 SU/mL (IQR, 0.1-0.4 SU/mL), re-

spectively, in HCWs (both P < .001). The median N-IgM and

S-IgM levels were 1.24 SU/mL (IQR, 0.62-2.73 SU/mL) and

0.9 SU/mL (IQR,0.4-2.2 SU/mL), respectively, inpatientswith

cancervs2.38SU/mL(IQR, 1.23-4.4SU/mL)and2.1SU/mL(IQR,

1.0-3.3SU/mL), respectively, inHCWs(bothP < .001) (Figure2).

Antibody levels were also significantly lower in the analysis

population.ThemedianN-IgGandS-IgG levelswere0.1 SU/mL

(IQR,0-0.3 SU/mL) and0.1 SU/mL (IQR,0-0.2 SU/mL), respec-

tively, in patients with cancer vs 0.2 SU/mL (IQR, 0.1-

0.5 SU/mL) and 0.2 SU/mL (0.1-0.4 U/mL), respectively, in

HCWs(bothP < .001).ThemedianN-IgMandS-IgMlevelswere

1.24 SU/mL (IQR, 0.62-2.68 SU/mL) and 0.9 SU/mL (IQR, 0.4-

2.2SU/mL), respectively, inpatientswith cancervs2.37SU/mL

(IQR, 1.23-4.4 SU/mL) and 2.1 SU/mL (IQR, 1.0-4.4 SU/mL) re-

spectively, in HCWs (both P < .001) (eFigure 2 in the Supple-

ment). In themultivariable regression analysis, including age,

sex, comorbidities, and smoking history as covariates, there

was also a significant association between patients with can-

cer (compared with HCWs) and N-IgG and S-IgG levels

(N-IgG: β, −0.38; 95% CI, −0.55 to −0.21; P < .001; S-IgG: β,

−0.39;95%CI,−0.54 to−0.23;P < .001) (eTable 1 in theSupple-

ment).

Association Between Clinical Factors and SARS-CoV-2

Antibody Status in PatientsWith Cancer

eFigure3 in theSupplementshowstheseroprevalenceofSARS-

CoV-2 antibodies according to selected subgroups in the ITT

population. Therewere no significant differences in the sero-

prevalence of SARS-CoV-2 antibodies between subgroups. Of

note, 5 seropositive patients had received systemic treat-

ment of any kind, such as ICIs, chemotherapy, or molecular

targeted therapy, within 1 month.

eTable 2 in the Supplement shows the characteristics of

seropositive patientswith cancer. In 2 patientswithout a pre-

viousdiagnosisofCOVID-19,only theN-IgGantibodywasposi-

tive. In 3 patients with a history of COVID-19, high N-IgG and

S-IgGantibody levelspersistedeventhoughmorethan120days

had passed since the diagnosis.

We evaluated whether having received cancer treatment

within 1month and the treatmentmethod receivedwas asso-

ciated with SARS-CoV-2 antibodies (N-IgG and S-IgG). There

were no significant differences in SARS-CoV-2 antibody lev-

els between patients who had received or not received anti-

cancer treatment (eFigure 4 in the Supplement). However, in

patients who had received cytotoxic chemotherapy within 1

month,N-IgG antibody levelswere significantly lower than in

those who did not receive it (median N-IgG levels, 0.1 SU/mL

[IQR, 0-0.3 SU/mL] vs 0.1 SU/mL [IQR, 0-0.4 SU/mL];P = .04)

(Figure 3A). In contrast, in patients who had received ICIs

within 1 month, both N-IgG and S-IgG antibody levels were

Table 1. Baseline Characteristics of 1690 PatientsWith Cancer

and Health CareWorkers (HCWs)

Characteristic

No. (%)

Patients (n = 500) HCWs (n = 1190)

Age, median (range), y 62.5 (21.0-88.0) 40.0 (20.0-70.0)

<65 277 (55.4) 1177 (98.9)

≥65 223 (44.6) 13 (1.1)

Sex

Male 265 (53.0) 382 (25.4)

Female 235 (47.0) 888 (74.6)

Comorbidities

Hypertension 130 (26.0) 65 (3.8)

Diabetes 68 (13.6) 8 (0.7)

COPD 1 (0.2) 0

Coronary artery disease 1 (0.2) 0

Chronic kidney disease 9 (1.8) 0

Malignancy NA 8 (1.1)

Smoking

Current 43 (8.6) 33 (2.8)

Past 222 (44.4) 133 (11.2)

Never 222 (44.4) 1024 (86.1)

Unknown 13 (2.6) 0

Residence

Tokyo 264 (52.8) 598 (50.3)

Non-Tokyo 236 (47.2) 592 (49.7)

Stage

Early 213 (42.6) NA

Advanced 287 (57.4) NA

Abbreviations: COPD, chronic obstructive pulmonary disease;

NA, not applicable.

Table 2. Details of Cancer Treatment in 500 PatientsWith Cancer

Details of cancer treatment No. (%)

Cancer treatment within 1 mo of participation 355 (71.0)

Type of treatment

Surgery 35 (7.0)

Radiotherapy 24 (4.8)

Cytotoxic chemotherapy 204 (40.8)

Immune checkpoint inhibitors 44 (8.8)

Molecular targeted therapy 92 (18.4)
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significantlyhigher than in thosewhodidnot receive ICIs (me-

dianN-IgG levels:0.2SU/mL[IQR,0.1-0.5SU/mL]vs0.1 SU/mL

[IQR, 0-0.3 SU/mL], P = .02; median S-IgG levels: 0.15 SU/mL

[IQR, 0-0.3 SU/mL] vs 0.1 SU/mL [IQR, 0-0.2 SU/mL], P = .03)

(Figure 3B). In the multivariable regression analysis includ-

ing age, sex, comorbidities, and smoking history as covari-

ates, chemotherapy was not significantly associated with

N-IgGandS-IgGantibody levels (N-IgG:β,−0.14;95%CI,−0.37

to 0.09; P = .24; S-IgG: β, −0.00043; 95% CI, −0.21 to 0.31;

P = .99) (eTable 3 in the Supplement). However, ICIswere sig-

nificantly associated with N-IgG and S-IgG antibody levels

(N-IgG:β,0.56;95%CI,0.15-0.97;P = .008,S-IgG:β,0.42,95%

CI, 0.052-0.79; P = .03) (eTable 4 in the Supplement). There

was no difference in antibody levels according to sex, age,

smoking status, or cancer stage or according to surgery, radio-

therapy,ormolecular targeted therapyreceivedwithin 1month

(eFigure 5 in the Supplement).

Discussion

This is, to our knowledge, the largest prospective study

evaluating the seroprevalence of SARS-CoV-2 antibodies

among patients with cancer. No significant difference in

seroprevalence was observed between patients with cancer

and HCWs (1.0% vs 0.67%) in the ITT population, nor after

excluding individuals previously diagnosed with COVID-19

(0.4% vs 0.4%).

Patients with cancer have been reported to have a higher

risk of COVID-19 infection, according to a case-control study

from the United States.10 Themortality rates of COVID-19 in-

fection in patients with cancer, especially those with hema-

tological cancers, were also reported to be higher than those

in an unselected population. A recent meta-analysis showed

that in patients with cancer, active cancer treatment, includ-

ing chemotherapy, was associated with mortality for COVID-

19, but immunotherapy, surgery, and molecular targeted

therapywerenot.19Thereasonswhycomorbidcancerandcan-

cer treatment increase infection riskandmortality arenot fully

understood.

Serological testing to detect anti–SARS-CoV-2-specific

antibodies is an important approach to understand the ex-

tent of COVID-19 spread in the community, although the stan-

dard diagnostic test for COVID-19 is an RT-PCR test to detect

SARS-CoV-2RNA fromtheupper respiratory tract. Therehave

been no studies evaluating the seroprevalence of SARS-

Figure 2. SARS-CoV-2 Antibody Levels in PatientsWith Cancer (PWC) and Health CareWorkers (HCWs)
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Figure 3. Association Between Cancer Treatment and SARS-CoV-2 Antibody Levels in PatientsWith Cancer
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CoV-2 inpatientswith cancerwithout symptomatic COVID-19

infections. We evaluated the seroprevalence of SARS-CoV-2,

definedas thepresenceof IgGantibodies, and compared it be-

tween patients with cancer and HCWs. The detection rate of

SARS-CoV-2 was quite low, and there was no significant dif-

ference in seroprevalencebetween the2groups.However, IgG

and IgM antibody levels in patients with cancer were signifi-

cantly lower than those in HCWs, although the levels were

under the respective seropositivity cutoffs. Solodky et al20 re-

ported the detection of SARS-CoV-2 antibodies after sympto-

matic COVID-19, and the seroconversion rate 15 days after

COVID-19 diagnosiswas lower in patientswith cancer than in

HCWs. These results might suggest that the immune re-

sponse to the virus in patients with cancer differs from that

of healthy individuals. Indeed, the prospective observational

study showed an inverse correlation between antibody levels

and subsequent SARS-CoV-2 infection, even under the posi-

tivecutoff level.21LowIgGantibody levels inpatientswithcan-

cer could be associated with their higher risk of SARS-CoV-2

infection compared with that of the general population.

Additional studieswill be needed to confirmwhether there is

a difference in the immune response to the virus between

people with and without cancer.

Wealsoevaluatedwhethercancer treatmentaffectedSARS-

CoV-2antibody (N-IgGandS-IgG) levels.Ofnote, theN-IgGan-

tibody levels were lower in patients who had received chemo-

therapywithin1monththaninthosewithoutchemotherapy,al-

though this difference was not significant in the multivariate

analysis.BothN-IgGandS-IgGantibodylevelswerehigher inpa-

tientshavingreceivedICIs than inthosewithout ICIs. It remains

unclear how these data affect the risk andmortality of COVID-

19. Somereportshave investigated the immuneresponse inpa-

tientsundergoingcytotoxicchemotherapyandICIs.Vermaetal22

reportedthat in88patientswithbreastcancerwhoreceivedad-

juvant chemotherapy, titers of antipneumococcal and anti-

tetanusantibodieswerebothsignificantlyreducedafterchemo-

therapyanddidnotrecoverduringthestudyperiodof9months.

In addition, theVACANCE trial, a prospectiveopen-label study

thatevaluatedtheimmunogenicityofAS03A-adjuvantedH1N1v

vaccine in patientswith cancer receiving cytotoxic and/ormo-

lecular targetedtherapy,showedthat theseroconversionrateby

seasonal influenza vaccine in patientswith cancer undergoing

chemotherapywaslowerthanthat inthosetreatedwithmolecu-

lartargetedtherapy.23,24Thestudysuggestedthatchemotherapy,

which induces immunosuppression,butnotmolecular targeted

therapy, reduced the immune response to the vaccine.

Regarding the effect of ICIs on the immune response,

Läubli et al25 reported no significant differences in influenza

vaccine-induced antibody titers between patients with lung

cancer receiving ICIs andhealthy controls.However, the sero-

conversion rate at day 30 was significantly higher in patients

receiving ICIs. PD-1/PD-L1 inhibition enhanced T-cell re-

sponses to various viral infections in a mouse model,26

suggesting that patients with cancer receiving ICIs may have

enhanced immune responses to viral antigens.

The mRNA-1273 SARS-CoV-2 and BNT162b2 mRNA

COVID-19 vaccines have recently been developed for protec-

tion against COVID-19.27,28 Whether vaccination reduces the

incidence andmortality of COVID-19 in patients with cancer,

or whether cancer treatment affects the efficacy of the vac-

cines, remains to be seen. Further investigation on how vac-

cination affects immune response in patients with cancer is

warranted.

Limitations

Our study has several limitations. First, there could be a

sampling bias in the patient population, because this study

included various cancer types, ages, and stages from only 1

hospital. Second, differences in baseline characteristics,

such as age, sex, comorbidities, and smoking status, which

are associated with the severity of COVID-19 infection, were

observed between patients with cancer and HCWs. How-

ever, multiple regression analysis revealed that patients

with cancer were independently associated with lower IgG

antibodies than were HCWs. There were some differences in

the potential risk of COVID-19 infection between the 2

groups. Patient care may influence antibody levels in HCWs.

In contrast, patients with cancer, especially those treated

with chemotherapy, may be more careful of COVID-19 infec-

tion and more likely stay at home compared with those who

were not treated with chemotherapy. Our results do not

fully demonstrate that cancer treatment is associated with

antibody production capacity. To evaluate whether cancer

treatment is associated with immune response to SARS-

CoV-2, we are currently conducting a prospective study to

examine the immune response to SARS-CoV-2 vaccination

in patients who received various treatments for cancer.

Third, our results may not be generalizable, because the

seroprevalence in our cohort was much lower than that in

previous studies conducted outside Japan in 2020. The

seroprevalence in patients with cancer reported from

Spain (n = 229) and Austria (n = 84) ranged from 3.6% to

27.9%,29,30 and that in HCWs ranged from 3.2% to 19.1% in

Western countries.15,16,29,31,32 This difference is explained

by the fact that the seroprevalence rate in Japan among

the general population as of June 2020 was 0.1% (positive

on both Roche Elecsys and Abbott Architect assays; the

prevalence of positivity for either test was 0.4%), which

is also lower than that reported in Western countries

(1.0%-6.9%).33,34 Nevertheless, our study revealed the dif-

ferences in baseline SARS-CoV-2 antibody levels in patients

with cancer and HCWs without COVID-19 infection and how

the cancer treatment affects the baseline SARS-CoV-2

antibody levels.

Conclusions

In this cross-sectional study of Japanese patientswith cancer

and HCWs, the seroprevalence of SARS-CoV-2 antibodies

betweenthe2groupswasnotdifferent,but results suggest that

comorbidcancer and treatmentwith systemic therapy, includ-

ing chemotherapy and ICIs, may be associated with serum

SARS-CoV-2 antibody levels. Further studies are needed to

determine the influence of comorbid cancer and cancer treat-

ment on the immune response to SARS-CoV-2.
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