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Due to their immunocompromised status, cancer pa-
tients have reduced immune responses against SARS-
CoV-2 after dual-dose COVID-19 vaccination [1]. A
third primary dose has been recommended for this
population as various studies showed its ability to boost
the humoural immune response against SARS-CoV-2
[2,3]. However, it is presumed that after this third pri-
mary vaccination dose, the vaccination-induced protec-
tion against SARS-CoV-2 will wane rapidly, as seen
after dual-dose vaccination [2,4,5]. This in combination
with the emergence of highly transmissible SARS-CoV-2
variants, such as omicron BA.1, suggested that a fourth
vaccination doses against SARS-CoV-2 may be benefi-
cial for cancer and other immunocompromised patients,
aiming to improve the protection against COVID-19. It
had been shown recently is observed that a fourth
mRNA vaccination dose against SARS-CoV-2 is able to
significantly boost antibody responses against SARS-
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CoV-2 in healthy individuals, elderly and patients with
autoimmune rheumatic diseases [6—9]. The aim of this
current study (B-VOICE: EudraCT 2021-000300-38,
and Tri-VOICE plus: EudraCT: 2021-003573-58) is to
investigate the specific role of the fourth dose in cancer
patients.

A group of 157 cancer patients (Supplementary Table
1) received a fourth dose of the BNT162b2 vaccine after
dual-dose BNT162b2 or ChAdOx1 vaccination and a
third primary dose BNT162b2. All subjects were
assigned to a cohort based on the type of active treat-
ment receiving at time of first dose administration. Here,
we report data of five different cohorts: chemotherapy,
immunotherapy, targeted/hormonal therapy, B-cell
depleting therapy and other haematological cancer
treatments. A fourth vaccination dose was administered
within a time window of 7 months after third primary
vaccination, in all cancer patients. The majority (93%)
received a fourth vaccination dose within a time window
of 4—6 months (122—183 + 10 days) after administra-
tion of the third primary vaccination dose. Blood sam-
ples for analysis of the immune response were collected
28 days after third dose administration (D3_d28), on the
day of and prior to the fourth vaccination (D4_d0), and
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28 days afterwards (D4_d28). Anti-S1 IgG SARS-CoV-
2 antibody titres were analysed using the Siemens
Healthineers Atellica IM SARS-CoV-2 IgG (sCOVG)
assay to assess humoural immunity. Patients with
detectable antibodies were considered as seroconverters.
Log-transformed antibody titres were compared using a
random intercept linear mixed model including time,
active treatment at time of sampling and the interaction
between time and active treatment at time of sampling.
A two-sided P value <0.05 after Bonferroni—Holm
correction for multiple testing was considered statisti-
cally significant.

SARS-CoV-2 anti-S1 IgG antibody titres had
significantly waned at D4_d0 compared to D3_d28 in
patients receiving chemotherapy (GMT 1361.63 BAU/
mL [95% CI 704.05—2633.36] versus GMT 3461.39
BAU/mL [95% CI 2012.74—5952.70, p adj. <0.05),
immunotherapy (GMT 451.86 BAU/mL [95% CI
100.36—2034.36] versus GMT 1893.21 BAU/mL [95%
CI 790.33—4535.14, p adj. <0.05), targeted/hormonal
therapy (GMT 1977.19 BAU/mL [95% CI
1304.94—2995.76] versus GMT 3740.99 BAU/mL [95%
CI 2776.15—5041.16, p adj. <0.05) and the haematology
treatment cohort receiving other than B-cell depleting
therapy (GMT 631.53 BAU/mL [95% CI
299.56—1331.40] versus GMT 1944.61 BAU/mL [95%
CI 907.00—4169.23, p adj. <0.05) (Fig. 1). Waning
humoural immunity after third vaccination dose was
also observed in other studies, addressing both healthy
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individuals and immunocompromised patients, and was
therefore expected [2,4,5]. Remarkably, waning of
immunogenicity could not be observed in the group of
haematological patients receiving B-cell depleting ther-
apy since SARS CoV-2 anti-S1 IgG antibody titres did
not change between D3_d28 and D4_d0. On the con-
trary, the percentage seroconverting patients in this
cohort increases from 24% to 40% between D3_d28 and
D4_do0.

Administration of a fourth vaccination induced
significantly higher SARS-CoV-2 anti-S1 IgG antibody
titres at D4_d28 in comparison to D3_d28 in patients
receiving chemotherapy (GMT 10725.43 BAU/mL [95%
CI 7821.65—14707.22], versus GMT 3461.39 BAU/mL
[95% CI 2012.74—5952.69], p adj. <0.05), targeted/hor-
monal therapy (GMT 9179.44 BAU/mL [95% CI
6970.13—12089.03], versus GMT 3740.99 BAU/mL
[95% CI 2776.15—5041.16], p adj. <0.05) and B-cell
depleting therapy (GMT 82.47 BAU/mL [95% CI
24.68—275.59], versus GMT 19.44 BAU/mL [95% CI
7.13—53.03], p adj. <0.05) (Fig. 1). This indicates that
the immune system of cancer patients did not produce
the highest possible level of antibodies after full primary
vaccination (three vaccination doses) and that a fourth
vaccination dose is able to further boost the production
of SARS-CoV-2 anti-S1 IgG antibodies to higher levels.

This trend is also observed in hematological patients
receiving B-cell depleting therapy, but SARS-CoV-2
anti-S1 IgG antibody titres after fourth vaccination
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Fig. 1. SARS-CoV-2 anti-S1 IgG antibody titres before and after a fourth dose BNT162b2 in cancer patients. SARS-CoV-2 anti-S1 1gG
antibody titres 28 days and 6 months after third BNT162b2 dose and 28 days after fourth BNT162b2 COVID-19 vaccine in the different
treatment cohorts. Subjects were assigned to treatment cohorts based on the therapy received at time of the third dose. The height of each
bar represents the geometric mean titre (GMT) + standard error of the mean. Anti-S1 IgG-class antibody titres were quantified using a
SARS-CoV-2 Immunoassay, Siemens Healthineers Atellica IM SARS-CoV-2 IgG (sCOVG) assay for the detection of antibodies (BAU/
mL). Measuring interval: 10.90—16350.00 BAU/mL. Values below the detection were imputed half of it (5.45 BAU/mL), values above the
measuring interval were imputed 33% above the upper limit of detection (21,800 BAU/mL) with dotted line indicating LLQ and ULQ,

respectively.
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dose are still significantly lower compared to all other
treatment cohorts (Fig. 1). The findings about the
negative impact of B-cell depleting therapy on the im-
mune system after a fourth vaccination dose are similar
to the observations of Aikawa et al in patients with
autoimmune rheumatic diseases [6]. We previously
studied that a third primary vaccination dose barely
induced a humuoral immune response in haematological
patients receiving rituximab [2]. Therefore, the obser-
vation that in the group of patients receiving B-cell
depleting therapy, the percentage of seroconverts in-
creases after fourth vaccination dose is promising.

This study confirms that after expected waning, the
humoural immune response against SARS-CoV-2 in
cancer patients is boosted again after fourth vaccination
dose administration. In conclusion, the waning immu-
nity after third primary dose in combination with the
increased risk for severe COVID-19 after SARS-CoV-2
infection [10] highlights the importance of a fourth
vaccination dose in cancer patients.
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