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other hand, ESMO has implemented a framework to
evaluate single-arm studies for diseases with high unmet
needs,2 allowing some ATUs to obtain a better ESMO score
compared to CAV. Hence, HTA criteria may be outdated for
innovation assessment and thus are being revised
within the implementation of the HTA regulation and
the prolonged ongoing collaboration between HTAs in
Europe.5
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Potentiation of humoral response to the
BNT162b2 vaccine after the third dose in patients
with solid cancer

We had previously reported on the immunogenicity of the
BNT162b2messenger RNA (mRNA) coronavirus disease 2019
(COVID-19) vaccine (tozinameran) in a large cohort of pa-
tients with cancer after the first and second doses1 and we
subsequently showed the rapid decline of humoral response
over time until 6 months of follow-up.2,3 Herein, we describe
the serological response to the third dose (also called booster
or additional dose) of the vaccine in this frail population.

Study design and methods were reported in
Supplementary materials, available at https://doi.org/10.
1016/j.annonc.2022.02.006.1

From September to November 2021, 407 patients
received the additional third dose at 4-6 months after the
completion of their primary vaccine series. The median age
was 67 (range 24-89) years. Breast cancer (28.5%) and lung
cancer (19.9%) were the most common tumor subtypes.
Most patients (366/407, 89.9%) were on active anticancer
treatment during the 28 days before the administration.
Chemotherapy alone or in combination with monoclonal
antibodies (anti-HER2 and antiangiogenic drugs, immune
checkpoint inhibitors) was the most used treatment (32.2%),
followed by targeted therapy (22.8%) and anti-cytotoxic T-
lymphocyteeassociated antigen-4 and anti-programmed
death-ligand 1 checkpoint inhibitors (15.7%). Chronic ste-
roid use (daily assumption started at least 30 days before the
vaccination) was reported in 48 (11.8%) patients.

Patients with a positive serological status after the third
dose were 402/407 (98.8%). All the five nonresponder
patients had a negative serological status also at predose
assessment, although one patient was seropositive after the
second dose. Of the five patients remaining seronegative
after the additional dose, four (80%) were on active
treatment (one with chemotherapy, two with targeted
therapy, and one with immunotherapy). The geometric
mean concentration (GMC) of anti-S immunoglobulin G
(IgG) reached after the booster was 1054.5 AU/ml (95%
confidence interval 909.4-1238.2 AU/ml). Analysis of post-
dose IgG titer according to clinical characteristics showed
that only chronic use of steroids was significantly associated
with lower antibodies level (P ¼ 0.035). Nevertheless, the
type of anticancer treatment did not significantly affect the
IgG titer (P > 0.05; Figure 1A).

A total of 193 patients were evaluated for IgG titer just
before and at 4 weeks after the third dose. The GMC
increased from 61.3 to 1280.4 AU/ml with a statistically
significant increase of 20.9-fold (P < 0.001; Figure 1B). Of
the 30 seronegative patients before the additional dose, 27/
30 (90%) acquired a positive serological status after the
booster and only 3/30 (10%) patients remained seronega-
tive. Considering the 258 patients who were evaluated for
IgG titer at 4 weeks after the second and third doses, the
GMC significantly increased 5.77-fold, from 215.2 AU/ml
(95% confidence interval 181.7-255 AU/ml) after the second
563
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Figure 1. (A) Box plots of anti-S IgG titer after the third dose according to the active anticancer treatment. A logarithm scale was used for IgG titer. Inside each box
plot, the geometric mean concentrations ± standard errors were represented by a black point with error bars; the median is depicted as a thick horizontal line. No
statistically significant differences were found according to the type of treatment using analysis of variance (P [ 0.065). aTherapy with monoclonal antibodies
including anti-angiogenics and anti-HER-2. bTarget therapy is referred to the use of tyrosine kinases inhibitors. Dot plots of anti-S IgG titer assessed before and
after the additional dose (B) and after the second and third doses (C). A logarithm scale was used for IgG titer. The gray area is the area below the prefixed cut-off
of positivity. Inside each dot plot, the geometric mean concentrations ± standard errors were represented by a black point with error bars; the median is depicted
as a red asterisk. All comparison were significant at P < 0.001. IgG, immunoglobulin G; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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dose to 1240.6 AU/ml (95% 1229.5-1471.2 AU/ml) after the
booster (P < 0.001; Figure 1C).

No severe adverse events after the third dose were
observed.

The present study is properly powered to evaluate
humoral response to the third dose of the vaccine in
patients with cancer. Previous studies were strongly limited
by small sample sizes.4-6 Our results showed a globally
positive response to the additional dose of BNT162b2
mRNA COVID-19 vaccine in patients affected by solid cancer
with a relevant potentiation of the humoral response
initially acquired after the two-dose cycle. Although a very
high seroconversion rate followed the additional dose,
there was a very small subgroup of patients with no
detectable humoral response even after the third dose. For
564
these patients, further studies are warranted to assess the
existence of other types of immunity (i.e. T-cell immunity)
and to explore its correlation with protection from
infection.

Nevertheless, the active anticancer treatment did not
affect the serological immune response to the third dose
and patients receiving chemotherapy seems not have
weaker humoral response compared with patients under-
going other types of treatment, in contrast with our previ-
ous observations regarding the two doses of the vaccine.1-3

The chronic use of steroids was associated with a weaker
humoral response also for the third dose.

The present study is still ongoing to evaluate the dura-
bility of immune response to the additional dose in a long-
term period.
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