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KEYWORDS Abstract Aim: Patients with cancer are at an increased risk for severe coronavirus disease of
COVID-19:; 2019. We previously reported initial findings from a single centre prospective study evaluating
SARS-CoV-2; antibody response after BNT162b2 vaccine, showing that adequate antibody response was
BNTI162b2 vaccine; achieved after two doses, but not after one, in patients with cancer vaccinated during anti-
Cancer; cancer therapy. Herein, we report a follow-up study, evaluating antibody response six months
Antibody response; after the second vaccine dose.

Lymphocyte count Methods: The study included patients with solid tumours undergoing anticancer treatment,

and immunocompetent health-care workers serving as controls. Serum titres of the
receptor-binding domain (RBD) IgG and neutralising antibodies (Nabs) were measured
approximately six months after the second vaccine dose. Complete blood count values were
collected and evaluated as predictors for antibody response.

Results: The analysis included 93 patients with cancer (66.7% metastatic). Six months after the
second vaccine dose (mean 176 + 20 days), seropositivity rate among patients and controls
was 83.9% versus 96.3% (p = 0.0001), respectively. Median RBD-IgG titre was lower among
patients compared with controls (2.3 versus 3.2, p = 0.0002). Among seropositive individuals,
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median Nabs titre was similar between patients with cancer and controls (p = 0.566). Among
patients with cancer, lymphocyte and neutrophil counts were not correlated with either RBD-

IgG or Nabs titres.

Conclusions: Seropositivity rates and RBD-IgG titre at six months after second BNT162b2
vaccine dose are lower among patients with cancer compared with healthy controls. However,
Nabs titre is similar, suggesting a comparable protection among seropositive individuals.
Lymphocyte count is not predictive of antibody response.

© 2022 Elsevier Ltd. All rights reserved.

1. Introduction

Patients with cancer are at a significantly increased
risk of severe morbidity and mortality from coronavirus
disease of 2019 (COVID-19) [1—-9]. In a previous report,
we showed that an adequate antibody response was
achieved after two doses of BNT162b2, but not after
one, in patients with cancer vaccinated during anti-
cancer therapy, and at lower seropositivity rates
compared with healthy controls [10], in accordance with
additional reports [11—15]. Conflicting data came from
follow-up studies showing that seropositivity rates
among patients with cancer compared with healthy
controls were lower at four months after the second
vaccine dose [16], but were similar at six months [17].
Additionally, a third vaccine dose, given six months
after the second vaccine dose, was shown to increase
antibody levels in patients with cancer [18,19].

Several previous studies have evaluated possible
predictors of seropositivity after BNT162b2 vaccination
in patients with cancer during anticancer therapy, sug-
gesting that low lymphocyte counts are associated with
lower seropositivity rates [20,21].

Here, we describe the efficacy of BNT162b2 vacci-
nation of actively treated cancer patients at six months
after the second vaccine dose. Our aim was to evaluate
the rate of seropositivity and neutralising antibodies ti-
tres, and to assess complete blood count values as
possible predictors for antibody response.

2. Methods
2.1. Study design and participants

Cancer patients who are actively treated in our institu-
tion were vaccinated with BNT162b2, regardless of
treatment type, disease stage, performance status, or life
expectancy. Study period was between 27th December
2020 and 23rd August 2021. Patients infected with
SARS-CoV-2 before or during the study period were
excluded. Two doses of the BNT162b2 vaccine (Pfizer,
New York, USA and BioNTech, Mainz, Germany) were
administered, 21 days apart. Patients were actively
screened for the vaccine-induced antibody response

approximately six months after the second vaccine dose.
We matched the case samples with control samples ac-
cording to age, sex, the interval between the second
vaccine dose and serologic testing, and comorbidities
(hypertension, diabetes, heart disease, lung disease, and
autoimmune disease). Controls were immunocompetent
healthcare workers with no history of SARS-CoV-2
infection who tested for antibody response approxi-
mately six months after the second vaccine dose. Med-
ical records were reviewed for results of complete blood
counts before each vaccine dose and after the second
vaccine dose. Written informed consent form (ICF) was
obtained from all participants. The Institutional Review
Board approved the study protocol and ICF.

2.2. Clinical data extraction

Relevant clinical data was retrieved from electronic medi-
cal records of cancer patients and included age, gender,
body mass index (BMI), cancer type, diagnosis date, and
cancer stage (i.e. local or metastatic). Comorbidities
included hypertension, diabetes mellitus, cardiac disease,
lung disease, and autoimmune disease. Anticancer thera-
pies were classified as chemotherapy, immunotherapy,
biological targeted therapy, hormonal therapy, and radi-
ation, given either alone or in combinations.

2.3. Serology assays

Samples were evaluated with an enzyme-linked immu-
nosorbent assay (ELISA) that detects IgG (Immuno-
globulin G) antibodies against the RBD (receptor
binding domain) of SARS-CoV-2 [22]. ELISA index
value below 0.9 was considered negative, between 0.9
and 1.1 equivocal and equal or above 1.1 positive.
Samples that were positive for RBD-IgG were tested for
Nabs. A SARS-CoV-2 pseudo-virus neutralization assay
was performed using a propagation-competent VSV-
spike similar to that previously published [23] (kindly
provided by Gert Zimmer, University of Bern,
Switzerland). Sera not capable of reducing viral repli-
cation by 50% at a 1:8 dilution or below were considered
non-neutralising. Negative RBD-IgG samples were not
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tested for Nabs, since these have previously been shown
to yield negative Nabs tests.

2.4. Statistical methods

Continuous variables are presented as mean and stan-
dard deviation or as geometric mean (GMT) and 95%
confidence interval (CI). Categorical variables are pre-
sented as percentages. For GMT calculation, negative
Nabs (=0), missing Nabs (only if RBD-IgG negative),
were counted as titres of 2. Spearman’s correlation was
drawn to evaluate correlation between lymphocyte/
neutrophil count and RBD-IgG/Nabs titres among pa-
tients with cancer. Differences between groups were
assessed using chi-square test and t-test, for categorical
and continuous data, respectively. A p-value of < 0.05
was considered statistically significant. Statistical anal-
ysis was performed using SAS version 9.4 (SAS Insti-
tute, Cary, NC, USA).

3. Results
3.1. Patient characteristics

Demographic and clinical characteristics of patients
with cancer and controls are shown in Table 1. Baseline
characteristics were well balanced between the two
groups.

Cancer diagnosis and treatments are detailed in Table
2. Cancer diagnosis included gastrointestinal malig-
nancies in 40 (43.0%) patients, breast cancer in 23
(24.7%) patients, lung cancer in 9 (9.7%) patients, mel-
anoma in 10 (10.8%) patients, genitourinary malig-
nancies in 7 (7.5%) patients, and 4 (4.3%) patients had
other tumors (i.e. brain, thymoma, endometrial, and

Table 1
Demographic and clinical characteristics of patients with cancer and
controls.

Patients with Controls p-value
cancer (N = 93) (N = 186)
Gender N (%)
Female 56 (60.2) 110 (59.1) 0.863
Male 37 (39.8) 76 (40.9)
Age mean £+ SD 60.8 £ 12.5 61.1 £11.1 0.827
BMI mean £ SD  25.7 £ 5.1 268 £4.7 0.136

Days after second vaccine dose
Mean + SD 176.2 + 20.1 175.5 £ 19.6 0.773
Median (IQR) 178.0 (167.0—189.0)  172.0 0.547
(168.0—194.0)
Comorbidities N (%)

Hypertension 23 (24.7) 48 (25.8) 0.846
Diabetes 12 (12.9) 26 (14.0) 0.805
Cardiac disease 13 (14.0) 26 (14.0) 1.000
Lung disease 8 (8.6) 16 (8.6) 1.000
Autoimmune 4 (4.3) 8 (4.3) 1.000

BMI, body mass index; SD, standard deviation; IQR, interquartile
range.

Table 2
Cancer diagnosis and treatment characteristics.

Patients with
cancer (N = 93)

Cancer type N (%)

Gastrointestinal 40 (43.0)
Breast 23 (24.7)
Lung 9(9.7)
Melanoma 10 (10.8)
Genitourinary 7 (7.5)
Other® 4 (4.3)
Cancer stage N (%)
Locoregional 31 (33.3)
Metastatic 62 (66.7)
Cancer treatment N (%)
Chemotherapy” 31 (33.3)
Biologic agent® 13 (14.0)
Hormonal therapy” 3(3.2)
Immunotherapy® 16 (17.2)
Chemotherapy + immunotherapy 4 (4.3)
Chemotherapy + biologic agent 17 (18.3)
Hormonal therapy + biologic agent 5(5.4)
Radiotherapy 33.2)

Radiotherapy + chemotherapy 1(1.1)

# Other: brain, thymoma, endometrial, and neuroendocrine.

b Chemotherapy: Adriamycin, AC-T, AC-TPH, CMF, pemetrexed,
cisplatin, carboplatin, capecitabine, paclitaxel, nab-paclitaxel, TDM-1,
FOLFOX, FOLFIRI, FOLFIRINOX, gemcitabine, and vinorelbine.

¢ Biologic agents: bevacizumab, panitumumab, cetuximab, palboci-
clib, entrectinib, abemaciclib, trastuzumab, lenvatinib, neratinib,
rucaparib, osimertinib, and dabrafenib.

4 Hormonal therapy: letrozole, anastrazole, goserelin, megestrol, and
octreotide.

¢ Immunotherapy: pembrolizumab, nivolumab,
cemiplimab, ipilimumab, and durvalumab.

atezolizumab,

neuroendocrine). The disease stage was local in 33.3%
and metastatic in 66.7% of patients.

3.2. Immunogenicity six months following BNT162b2
vaccination

At a mean time of 176 days after the second vaccine
dose, 78/93 (83.9%) patients with cancer developed
RBD-IgG compared with 179/186 (96.3%) controls,
p = 0.0001 (Table 3). The GMT of RBD-IgG was lower
among patients with cancer than that of controls, 2.33
(95% CI 2.0—2.7) vs. 3.2 (95% CI 3.0—3.4), respectively,
p = 0.0002. The GMT of Nabs was similar between
patients with cancer and controls, 96.7 (95% CI
71.2—131.2) versus 87.5 (95% CI 74.6—102.7), respec-
tively, p = 0.556 (Table 3).

Blood lymphocyte and neutrophil counts were
recorded at three time points, the first at a median of ten
days (5—17) before the first vaccine dose, the second at a
median of 11 days (5—15) before the second vaccine
dose, and the third at a median of 13.5 days (8§—24) after
the second wvaccine dose. Neither lymphocyte nor
neutrophil count were correlated with either RBD-1gG
or Nabs titres at six months after the second vaccine
dose (Supplementary Table 1).
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Table 3
Antibody response and titres among patients with cancer and controls.

Patients with cancer (N = 93) Controls (N = 186) p-value
RBD-IgG positive N (%) 78 (83.9) 179 (96.3) 0.0001
RBD-IgG titre GMT (95%CI) 2.3 (2.0-2.7) 3.2 (3.0-3.4) 0.0002
Neutralising Ab titre GMT (95%CI) 96.7 (71.3—131.2) 87.5 (74.6—102.7) 0.566

RBD, receptor-binding domain; IgG, immunoglobin G; CI, confidence interval; Ab, antibody; GMT, geometric mean.

4. Discussion

This is a prospective study evaluating serological
responsiveness and neutralising antibodies levels in
response to two vaccine doses mRNA BNT162b2 vac-
cine among patients with solid tumours receiving active
treatment. We found that 84% of patients with cancer
were seropositive six months following the second vac-
cine dose, compared with 96% of healthy controls.
Median RBD-IgG titre was lower among patients
compared with controls (2.3 versus 3.2). Among sero-
positive individuals, median Nabs titre was similar be-
tween patients with cancer and controls. Among
patients with cancer, lymphocyte and neutrophil counts
were not correlated with either RBD-IgG or Nabs titres
at six months after the second vaccine dose.

A previous report showed that four months after the
second vaccine dose, a lower percentage of patients with
cancer were seropositive compared with healthy con-
trols, 87% versus 100%, respectively [16]. Our findings
support the notion that at six months after the second
vaccine dose, the rate of seropositivity in patients with
cancer is still lower than that of healthy controls.
However, another study showed that at six months after
vaccination, patients with cancer and healthy controls
had similar seropositivity rates (79% versus 84%,
respectively, p = 0.32) [17]. It should be noted that
seropositivity rates of healthy controls shown by
Waldhorn et al. were numerically lower than those
shown in our study.

The efficacy of vaccines against SARS-CoV-2 is usu-
ally measured quantitively by RBD-IgG seropositivity
rate and titre. Additionally, the functionality of the an-
tibodies can be measured using neutralising antibodies
assays [24]. Our findings show that compared with
healthy controls, fewer patients with cancer mount an
adequate immune response six months after vaccination.
However, those patients with cancer that do achieve
RBD IgG seropositivity, have a similar protection from
SARS-CoV-2 infection, based on their level of Nabs.

Several studies attempted to define predictors for
seronegativity following vaccination against SARS-
CoV-2. In our previous report, only diabetes was asso-
ciated with a lower rate of seropositivity in patients with
cancer vaccinated with BNT162b2 [10]. Buttiron Web-
ber et al. suggested that patients with cancer with
baseline lymphocyte count below 1 x 10/L had a two-
fold risk of seronegativity two weeks following

vaccination with BNT162b2 [20]. Similarly, Sekkate
et al. found a significant correlation between lymphocyte
count and antibody level [21]. On the contrary, in the
present study, we show that lymphocyte count at
various time points before and after vaccination is not
associated with seronegativity at six months after
vaccination with BNT162b.

This study had several limitations. First, the data was
collected during the time period in which the dominant
SARS-CoV-2 variants were Alpha (until June 2021),
and Delta thereafter. Second, we used humoral response
as a surrogate for vaccine efficacy, yet we neither
checked T cell activity against the virus nor showed
clinical outcomes. Third, this study included a small
sample size, and was conducted in a single centre.

5. Conclusions

This study demonstrated that seropositivity rates and
RBD-IgG titre at six months after second BNT162b2
vaccine dose are lower among patients with cancer
receiving anticancer therapy compared with healthy
controls. However, Nabs titre is similar between these
two groups, suggesting a comparable protection in
seropositive individuals. Lymphocyte count, as well as
neutrophil count, is not predictive of antibody response.
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