
C AN C E R E P I D EM I O L OG Y

Immunogenicity of two doses of inactive COVID-19 vaccine
and third booster dose mRNA vaccine in patients with
cancer receiving active systemic therapy

Deniz Can Guven1 | Fatma Gul Gulbahce Incesu1 | Hasan Cagri Yildirim1 |

Enes Erul1 | Elvin Chalabiyev1 | Burak Yasin Aktas1 | Deniz Yuce1 |

Zafer Arik1 | Saadettin Kilickap1 | Sercan Aksoy1 | Mustafa Erman1 |

Kadir Mutlu Hayran1 | Serhat Unal2 | Alpaslan Alp3 | Omer Dizdar1

1Hacettepe University Cancer Institute,

Ankara, Turkey

2Faculty of Medicine, Department of

Infectious Disease, Hacettepe University,

Ankara, Turkey

3Department of Microbiology, Hacettepe

University Faculty of Medicine, Ankara, Turkey

Correspondence

Omer Dizdar, Hacettepe University Cancer

Institute, Department of Medical Oncology,

Ankara, Turkey.

Email: omer.dizdar@hacettepe.edu.tr

Funding information

Hacettepe University Scientific Research

Projects Coordination Unit, Grant/Award

Numbers: THD-2021-19639, THD-

2021-19 639

Abstract

We aimed to evaluate the seroconversion rates after two doses of inactive COVID-19

vaccine (CoronaVac) and the benefit of a third dose mRNA vaccine booster in patients

with cancer receiving active treatment. Patients with solid tumors receiving active

treatment (n = 101) and patients with no-cancer (n = 48) as the control group were

included in the study. All the patients and controls had received two doses of Corona-

Vac and a third booster dose of the mRNA vaccine (Bnt162b2). Anti-SARS-CoV-2

Spike Receptor Binding Domain IgG antibody levels after the second and third dose

were measured with quantitative ELISA. The median age of the patients was 66 (IQR

60-71). 79% of the patients were receiving chemotherapy, and 21% were receiving

immunotherapy at the time of vaccination. Antibody levels measured after two doses

of CoronaVac were significantly lower in patients with cancer than in the control group

(median 0 μg/ml [IQR 0-1.17 μg/ml] vs median 0.91 μg/ml [IQR 0-2.24 μg/ml], respec-

tively, P = .002). Seropositivity rates were 46.5% in patients with cancer and 72.9% in

the control group (P = .002). Antibody measurement was performed in 26 patients

after the third dose. Seroconversion rate increased from 46.5% to 88.5% (P < .001),

and the antibody titers significantly increased with the third-dose booster (median

0 μg/ml [IQR 0-1.17 μg/ml] after two doses vs 12.6 μg/ml [IQR 1.8-69.1 μg/ml] after

third booster dose, P < .001). Immunogenicity of CoronaVac is low in patients with

cancer receiving active treatment, and administering a third dose of an mRNA vaccine

is effective in terms of improving seroconversion rates.
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What's new?

The existing data on the efficacy of inactive COVID-19 vaccines and the benefit of heterologous

boosters remains limited in patients with cancer, who may be immunocompromised by cancer
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itself or anti-cancer treatments. This study shows that the immunogenicity of two doses of inac-

tive COVID-19 vaccine is lower in patients with cancer receiving active treatment compared

with controls. Administering a third booster dose of an mRNA vaccine significantly improves

seroconversion rates in these patients. The results could be important for clinical practice con-

sidering the limited access to mRNA vaccines in several parts of the world.

1 | INTRODUCTION

The COVID-19 pandemic caused more than 500 million infections

and 6 million deaths worldwide as of April 22, 2022.1,2 While the dis-

ease affected people of all ages, older people and patients with

chronic comorbidities were affected most.3,4 Patients with cancer,

particularly those under active treatment and those with hematologi-

cal malignancies, were among the most significantly affected popula-

tions from the pandemic with significantly increased morbidity and

mortality.5 In addition, the effects of cancer care disruptions during

the pandemic are currently better appraised and will most likely have

short- and long-term untoward consequences.6

Vaccination is one of the most essential strategies against the

SARS-CoV-2 pandemic. As of April 22, 2022, there are currently over

20 vaccines approved after phase III clinical trials, and more than five

billion people worldwide have been vaccinated so far.2,7 While mRNA

vaccines have been commonly used in Europe and North America, the

inactivated SARS-CoV-2 vaccine (CoronaVac) has been widely used in

Turkey, where the first phase III trial of CoronaVac was also con-

ducted and showed a high level of activity after two doses (83.5%

effectiveness).8 However, data on vaccine efficacy is limited in cancer

patients due to the exclusion of these patients from the phase III vac-

cine clinical trials. Various observational studies have shown lower

seroconversion rates with two-dose vaccination in patients with can-

cer, particularly in those under active treatment.9-11 Both cancer itself

and the immunosuppression created by the anti-cancer treatments

were factored in the reduced vaccine efficacy in patients with cancer,

probably with a more important role of the anti-cancer treatments.12

However, these reports mostly included patients vaccinated with

mRNA vaccines and data with other vaccines were scarce. Two non-

comparative studies showed low efficacy of CoronaVac in cancer.13,14

Third dose booster vaccination is currently recommended in

these patients based on lower efficacy of the vaccines in these

patients and waning of immunity over time. Booster vaccination may

be with the same vaccine (homologous) or with a different type of

vaccine (heterologous). Heterologous vaccination elicited a higher

immune response in randomized trials in healthy individuals.15-17

Among patients who received two doses of inactivated vaccine

(CoronaVac), Clemens et al. showed that the magnitude of the

immune boost was greater with third dose adenoviral vaccines or

mRNA vaccine compared with the homologous vaccine.17

In this study, we assessed the immunogenicity of two doses of

CoronaVac in patients with solid tumors receiving active systemic

treatment in comparison with patients with no-cancer and evaluated

the activity of a third heterologous booster with an mRNA vaccine. To

our knowledge, this is the first study showing the efficacy of two-dose

vaccination with CoronaVac followed by a third dose booster with

mRNA vaccine (Bnt162b2) in this high-risk cancer patient population.

2 | PATIENTS AND METHODS

2.1 | Study cohort

Patients with solid tumors receiving active cancer treatment in Hacet-

tepe University Cancer Center, Turkey, between February 2021 and

May 2021 were included in this prospective study. The study institu-

tion is an ESMO-designated cancer center accepting patients from all

parts of Turkey as a reference center. All patients treated with chemo-

therapy or immunotherapy in the day chemotherapy unit were invited

to the study during the study period. Patients with various comorbid-

ities (other than cancer) but not receiving immunosuppressive treat-

ment were included from the general internal medicine outpatient

clinic as the control group. Patients and controls with a clinical history

of Covid-19 infection and patients who received only one dose of the

CoronaVac vaccine were excluded. All the patients and the controls

were vaccinated with the CoronaVac vaccine for the initial two vac-

cine doses due to the earlier availability of this vaccine in our country.

Patient demographics, tumor types, active anti-cancer treatment, vac-

cination dates and systemic treatment dates were collected from the

patient files and individual interviews with patients by the investiga-

tors on the day of serum sample collection.

The primary aim of the study was to compare seropositivity rates

after two doses of CoronaVac between patients with cancer and con-

trols. Due to a lack of available data on the seroconversion rates with

CoronaVac vaccine in patients with cancer during the planning of the

study, a target population of 100 patients was selected as the sample

size considering the continuous nature of target variables as previ-

ously suggested.18 The control group target was 50 to ensure a 2:1

patient to control ratio. The secondary aim was to describe the possi-

bly increased immune response after the third dose booster with the

mRNA vaccine in patients with cancer.

2.2 | Antibody measurement

Serum samples were obtained from all participants at least 14 days

after the second dose. In addition, a serum sample was drawn after the

third-dose vaccine in patients with cancer when available. The serum

samples were stored at �20�C until testing. Antibody measurement
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was performed by Coronahunter Anti-SARS-CoV-2 Spike Receptor

Binding Domain (RBD) ELISA kit (Matriks Biotechnology Co. Ltd,

Turkey), which is based on the sandwich principle and has been devel-

oped for the quantitative analysis of Spike RBD antibodies in serum

and plasma samples. The National Institute for Biological Standards and

Control (NIBSC) sera with the catalog numbers NIBSC 20/B764, NIBSC

20/130, NIBSC 20/162 and NIBSC 20/B770 were used as reference.

The results were evaluated in accordance with WHO cut-off values.

Anti-SARS-CoV-2 antibody titers from NIBSC were compared with the

study calibrated against the WHO International anti-SARS-CoV-2

Immunoglobulin Standards (NIBSC code 20/136). In the results

obtained, the value given by NIBSC in binding antibody units per

milliliter (BAU/ml) was calculated in ng/ml in the study. As a result of the

verification studies, one BAU/ml value corresponded to 10 ng/ml.19

2.3 | Statistical analyses

We presented the descriptive characteristics by the median and inter-

quartile range (IQR) for continuous variables and percentages for

categorical variables. We compared patient demographics, factors

affecting seroconversion rates, and antibody titers in the patient and

control groups with the Mann-Whitney U, Chi-square and Fischer

exact tests. Additional adjustments for the clinical factors affecting

the seroconversion rates in patients and controls were conducted

with binary logistic regression. Seroconversion rates between the sec-

ond and third-dose vaccination were compared with the McNemar

test and antibody titers with the Wilcoxon test. We used Statistical

Package for Social Sciences version (SPSS) version 25.0 (IBM Inc.,

Armonk, NY) in the analyses and considered P values below .05 statis-

tically significant.

3 | RESULTS

3.1 | Baseline characteristics

A total of 101 patients and 48 controls were included in the study

(Table 1). The median age of the patients was 66 (IQR 60-71), and

57% of the patients were male. The age distribution of the patients

and controls was similar (P = .480), while the control group had

female predominance (43% vs 71% in patients and controls, respec-

tively, P = .001). Lung cancer was the most common diagnosis (24%),

followed by colorectal cancer in 21% of the patients. Eighty patients

TABLE 1 Baseline clinical features of
the patient (n = 101) and control
(n = 48) cohorts

Clinical feature Patient Cohort n (%) Control Cohort n (%) P value

Age (median, IQR) 66 (60–71) 64 (59-71) .480

Sex

Male 58 (57) 14 (29) .001

Female 43 (43) 34 (71)

Any comorbidity 51 (50) 43 (90) <.001

Hypertension 36 (36) 32 (67) <.001

Diabetes mellitus 18 (18) 21 (44) .001

Coronary heart disease 10 (10) 8 (17) .236

Hypothyroidism 8 (8) 5 (10.4) .757

Primary tumor

Lung 24 (24)

Colorectal 21 (21)

Breast 9 (9)

Hepatobiliary 9 (9)

Gynecological 8 (8)

Genitourinary 7 (7)

Gastric 7 (7)

Other 16 (15)

Disease stage

Localized 23 (23)

Advanced 78 (77)

Treatment type

Chemotherapy 79 (79)

Immunotherapy 21 (20)

Immunotherapy + chemotherapy 1 (1)

Abbreviation: IQR, interquartile range.
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(79.2%) were treated with chemotherapy, while 22 patients received

immunotherapy (21 as monotherapy and one combined with chemo-

therapy) (Table 1). Twenty-six patients vaccinated with a third-dose

booster mRNA vaccine (Bnt162b2) were eligible and included in the

analyses.

3.2 | Antibody results after two-dose vaccination

The median time between the second dose of vaccination and anti-

body testing was 42 days (min-max: 14-110 days). The COVID-19

Spike RBD IgG antibody titers after two-dose vaccination were signifi-

cantly lower in patients with cancer compared with the control group

(median 0 μg/ml [IQR 0-1.17 μg/ml] vs median 0.91 μg/ml [IQR

0-2.24 μg/ml], respectively, P = .002) (Figure 1). Seroconversion rates

were 46.5% (47 of 101 patients) among the patients with cancer and

72.9% (35 of 48 patients) among the controls after two-dose vaccina-

tion (P = .002). Seropositivity rates were higher in female patients

(68% vs 42% in male patients, P = .002), in patients <70 years of age

(61% vs 38% in patients ≥70 years of age, P = .009), a trend toward a

higher seropositivity rate was observed in patients with hypertension

(63% vs 48% in those without hypertension, P = .065). Seroconver-

sion rates did not have a statistically significant association with tumor

type (P = .350) or tumor stage (localized vs advanced, P = .890). Mul-

tivariate analysis was made to refine the confounding effect of these

factors. The seroconversion rates after two-dose vaccination

remained significantly lower in patients compared with controls after

additional adjustments according to sex, age and presence of hyper-

tension (Table 2).

3.2.1 | Antibody results after third booster dose

A total of 70 patients with cancer received a booster dose, and 26 of

these patients had serum samples available for antibody measure-

ments. The median time between the second and third dose was

111 (min-max: 82-174) days. The seroconversion rate was increased

from 46.5% (47 of 101 patients) to 88.5% (23 of 26 patients) after the

third-dose booster (P < .001). Additionally, the antibody titers were

significantly increased with the third-dose (median 0 μg/ml (IQR

0-1.17 μg/ml) after second dose vs 12.6 μg/ml (IQR 1.8-69.1 μg/ml)

after third dose, P < .001) (Figure 2). Among patients receiving chemo-

therapy, the seroconversion rate was increased from 50% (40 of

80 patients) to 94% (16 of 17 patients) (P < .001), and among those

receiving immunotherapy, the seroconversion rate was increased from

33% (seven of 21 patients) to 78% (seven of nine patients) after the

third-dose booster (P = .001). Seropositivity rates after third dose

were higher in patients <70 years of age (100% vs 50% in patients
F IGURE 1 Antibody titers in patient and control groups after
two-dose vaccination

TABLE 2 Multivariate analysis of
factors associated with seropositivity
after two-dose vaccination

Univariate

HR 95% CI P

Multivariate

HR 95% CI P value

Patient group

Cancer (ref ) 1

Control 3.09 1.46-6.53 .003 2.73 1.23-6.07 .014

Gender

Male (ref) 1

Female 2.91 1.49-5.68 .002 2.25 1.11-4.58 .025

Age

≥70 (ref) 1

<70 2.15 1.11-4.15 .023 2.68 1.22-5.89 .014

Hypertension 1.85 0.96-3.58 .066 1.69 0.79-3.60 .175

Diabetes

mellitus

0.82 0.39-1.69 .584 — — —

Abbreviations: CI, confidence interval; HR, hazard ratio.
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≥70 years of age, P = .008), and a trend toward a higher rate was

observed in female patients (100% vs 81% in male patients, P = .260).

4 | DISCUSSION

In this study, we have shown that immunogenicity of CoronaVac was

lower in patients with cancer receiving active treatment compared

with controls and administering a third booster dose of an mRNA vac-

cine significantly improved seroconversion rates in these patients.

Older age and male gender were also associated with lower serocon-

version rates.

Patients with cancer are among the most vulnerable groups

affected by COVID-19. Mortality and morbidity of COVID-19 are high

secondary to immunocompromise by cancer itself and anti-cancer

treatments.6,20-22 This immunocompromise also affects antibody

responses to vaccination. Furthermore, two recent meta-analyses

demonstrated significantly diminished antibody responses in patients

receiving active treatment, especially in patients treated with chemo-

therapy, pointing out the importance of iatrogenic immunosuppres-

sion by anti-cancer treatments and rendering the patients under

active anti-cancer treatment a specific high-risk group for reduced

antibody response to vaccination.12,23 It was previously demonstrated

that patients with cancer had decreased antibody responses to sea-

sonal influenza and hepatitis B vaccines.24,25 A similar pattern

emerged during the COVID-19 vaccination period, and studies dem-

onstrated significantly lower seroconversion rates and antibody titers

after the first and second doses of vaccination.10,11 Guven et al.

recently reported 19% lower seroconversion rates in patients with

cancer compared with controls with two-dose COVID-19 vaccination

in the pooled analysis of 10 studies encompassing 1448 patients. The

seroconversion rate was lower in patients with hematological malig-

nancies (72.6 vs 99.4% in patients and controls, respectively), while

91.6% of the patients with solid tumors achieved seroconversion.26

This is considerably higher than the seroconversion rate in our study

after two-dose vaccination (48.1%). Patient characteristics in our

study seem to be similar to previous studies, but our patients were

mainly vaccinated with two doses of the inactivated vaccine

(CoronaVac), in contrast to mRNA vaccines in the previous studies.

This may be the main reason for the discrepant results. Likewise,

Karacin et al. reported a 63.8% seroconversion rate in 47 patients

with cancer vaccinated with two doses of CoronaVac.13 These find-

ings emphasize the importance of additional boosters to high-risk

populations vaccinated with two doses of the CoronaVac vaccine.

While the patients under active treatment have a significantly

worse prognosis with COVID-19 disease, patients treated with

immune checkpoint inhibitors had similar outcomes to the general

population,27 possibly due to the relatively intact immune system and

activated T-lymphocyte machinery in immunotherapy-treated

patients.28 Based on a similar mechanism, the immunotherapy-treated

patients could have more robust responses to vaccination, although

the data is unequivocal. Massarweh et al. showed similar antibody

titers in patients treated with immunotherapy or chemotherapy, while

the patients treated with combined chemo-immunotherapy had the

lowest antibody titers.10 Addeo et al. observed similar seroconversion

rates in patients treated with immunotherapy or chemotherapy (93%

for both groups), while the median antibody titers were higher in

immunotherapy-treated patients (1116 vs 611 U/ml).11 The very

recent VOICE study reported numerically higher seroconversion rates

in immunotherapy-treated patients compared with patients treated

with chemotherapy (93.1 vs 83.8%).29 Recently, Tang et al. demon-

strated similar seroconversion rates in patients treated with immuno-

therapy compared with those without active treatment in their pooled

analysis of 17 study cohorts, including patients with both hematologic

and solid tumors. However, in the subgroup analyses, the patients

with solid tumors treated with immunotherapy had a significantly

increased risk of seronegativity (odds ratio: 1.71, 95% CI: 1.03-2.84)23

than patients without active treatment, similar to our results. We

observed similar seroconversion rates and antibody titers in patients

treated with chemotherapy and immunotherapy but lower serocon-

version rates compared with previous studies. Both the use of inacti-

vated CoronaVac vaccine in contrast to mRNA vaccines and the

delayed use of immunotherapy in later lines of treatment (after che-

motherapy) in our country could be the reasons for relatively low

seroconversion rates in immunotherapy-treated patients in our study.

Due to concerns with the efficacy of two-dose vaccination in high-

risk populations and the rise of variants of concern, the FDA recently

recommended a third-dose booster for immunocompromised adults

with a high risk of severe COVID-19.30 Afterward, two community-

level studies from Israel reported over 90% protection rates from

severe COVID-19 protection with a third-dose booster.31,32 Similarly,

in a study from France including patients with cancer under active

treatment and vaccinated with two doses of mRNA vaccines, a third-

dose booster created antibody responses in 75% (27/36) of the sero-

negative patients after two-dose vaccination.33 Recently, Clemens et al.

reported the efficacy of booster vaccination in adults who received two

P

F IGURE 2 Antibody titers (μg/ml) after two (left) and three (right)
vaccine doses. Red triangles denote median values [Color figure can
be viewed at wileyonlinelibrary.com]
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doses of the CoronaVac vaccine in Brazil. In this study, booster vaccina-

tion with a different type of vaccine (an mRNA vaccine or a recombi-

nant adenoviral-vectored vaccine) resulted in substantially higher

anti-Spike IgG and neutralizing antibody responses compared with

homologous booster vaccination with CoronaVac.17 These studies sup-

port using third-dose boosters for the general population; however,

specific data on heterologous boosters for patients with cancer was

lacking. Our study showed a significant increase in antibody titers and a

nearly 2-fold increase in seroconversion rate from 46.5 to 88.5% after

heterologous third-dose booster with Bnt162b2 vaccine. Given the cor-

relation between antibody levels and vaccine efficacy, such a robust

enhancement in antibody titers may imply stronger protection against

COVID-19 in cancer patients with this vaccination strategy, which needs

to be verified in clinical studies. In a recent population-level study from

Israel, the effectiveness of two doses of the mRNA BNT162b2 vaccine

was evaluated. In this study, patients with hematological malignancies

still had an increased risk of severe COVID-19 (OR 2.27) and COVID-19

related death (OR 1.66) compared with healthy controls.34 Booster

doses with either homologous or heterologous vaccines may augment

the protection level against the virus in this high-risk population.

Limitations of our study include a limited sample size precluding

additional analyses according to tumor types and treatment lines. Sec-

ond, baseline COVID-19 antibody testing was unavailable for the

patients and controls. Therefore, some patients may have baseline

antibody positivity because of previous asymptomatic infection,

resulting in an overestimation of seroconversion rates. On the con-

trary, the interval between vaccination and antibody testing was not

uniform, extending up to 110 days after the second or the third dose.

This may have affected antibody titers, which is known to wane over

time. Lastly, the control group had a higher frequency of comorbid-

ities, although this difference would have driven the results toward

the null hypothesis rather than a false positive result.

In conclusion, our study provides important data regarding the

lower efficacy of CoronaVac in patients with cancer compared with

controls. Older age and male gender are other risk factors that may

further compromise vaccine immunogenicity. Additionally, we demon-

strated significantly increased seroconversion rates with a third-dose

booster mRNA vaccine after two doses of CoronaVac in patients with

cancer for the first time in literature. Further research is needed to

define the optimal vaccination schedule in patients with cancer.
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