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T he COVID-19 pandemic has a substantial effect on popu-
lations with fragile health and is associated with an in-
creased mortality rate in patients with cancer com-

pared with the general population.1 Patients with cancer have
been defined as a high-risk population for priority access to
SARS-CoV-2 vaccination.2 However, patients with immune de-
ficiency or those receiving immunosuppressive treatment were
excluded from SARS-CoV-2 vaccine trials, and the immuno-
genicity in patients treated with anticancer agents remains
unknown. To date, few reports of immunogenicity after 3 vac-
cine doses in patients treated for solid tumors have been
published.3,4

We conducted this study to evaluate the immunogenic-
ity of the recommended 2 or 3 doses of SARS-CoV-2 vaccine

in patients with active cancer receiving systemic therapy. This
study focused on the type of oncologic treatment (cytotoxic
vs immunotherapy vs targeted treatment) and the timing of
vaccination.

Methods
A prospective, single-center observational cohort study in-
cluding patients receiving treatment for solid cancer from Hôpi-
tal Henri Mondor, Créteil, France, was conducted between Feb-
ruary 1 and May 31, 2021. The study followed the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guideline for cohort studies. An

IMPORTANCE Patients with solid cancer are more susceptible to develop SARS-CoV-2
infection and severe complications; the immunogenicity in patients treated with anticancer
agents remains unknown.

OBJECTIVE To assess the immune humoral response to 2 or 3 doses of the BNT162b2
(BioNTech; Pfizer) vaccine in patients treated with anticancer agents.

DESIGN, SETTING, AND PARTICIPANTS A prospective observational cohort study was
conducted between February 1 and May 31, 2021. Adults treated with anticancer agents who
received 2 or 3 doses of vaccine were included; of these, individuals with a weak humoral
response 1 month after the second dose received a third injection.

INTERVENTIONS Quantitative serologic testing of antibodies specific for SARS-CoV-2 was
conducted before vaccination and during follow-up.

MAIN OUTCOMES AND MEASURES Humoral response was evaluated with a threshold of
anti–SARS-CoV-2 spike protein antibody levels at 1000 arbitrary units (AU)/mL to neutralize
less-sensitive COVID-19 variants.

RESULTS Among 163 patients (median [range] age, 66 [27-89] years, 86 men [53%]) with
solid tumors who received 2 or 3 doses of vaccine, 122 individuals (75%) were treated with
chemotherapy, 15 with immunotherapy (9%), and 26 with targeted therapies (16%). The
proportions of patients with an anti-S immunoglobulin G titer greater than 1000 AU/mL were
15% (22 of 145) at the time of the second vaccination and 65% (92 of 142) 28 days after the
second vaccination. Humoral response decreased 3 months after the second dose. Treatment
type was associated with humoral response; in particular, time between vaccine and
chemotherapy did not interfere with the humoral response. Among 36 patients receiving a
third dose of vaccine, a serologic response greater than 1000 AU/mL occurred in 27
individuals (75%).

CONCLUSIONS AND RELEVANCE The results of this cohort study appear to support the use of a
third vaccine dose among patients with active cancer treatment for solid tumors.
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information sheet was given to the patients and oral informed
consent was obtained; participants did not receive financial
compensation. The study was approved by the Groupe
Hospitalier AP-HP-Nord Ethics Committee.

Active cancer was defined as histologic confirmation of
solid cancer under treatment within the previous 6 weeks or
starting treatment during the next 2 weeks. All data were pro-
spectively collected in a standardized format, including can-
cer diagnosis, cancer stage, anticancer therapy, and biologi-
cal results before vaccination. Data on race and ethnicity were
not obtained because these data are highly protected by French
legislation. The ethics committee was not asked to allow sta-
tistics on race and ethnicity.

All patients received 2 doses of the BNT162b2 mRNA SARS-
CoV-2 vaccine (BioNTech; Pfizer) on days 0 and 21. Patients
with a history of COVID-19 or positive SARS-CoV-2 antinucleo-
capsid antibodies before vaccination were excluded. A third
vaccine dose was offered to patients with a weak humoral re-
sponse 1 month after the second dose, defined as an anti–SARS-
CoV-2 spike protein (anti-S) antibody level less than 1000 ar-
bitrary units (AU)/mL.5 SARS-CoV-2 anti-S antibody testing was
performed at the time of the first, second, and third vaccine
doses 28 days and 3 months (±7 days) after the second and third
vaccine doses.

SARS-CoV-2 Anti-S Immunoglobulin G Antibody Testing
We used a commercial enzyme-linked immunoassay
(Architect; Abbott) validated for clinical use to assess patient
serum titers of anti–SARS-CoV-2 spike protein immunoglob-
ulin G (IgG). The assay detects IgG directed to the receptor bind-
ing domain of the SARS-CoV-2 spike S1 subunit. Results were
acquired on the Architect i1000 analyzer (Abbott). Values
greater than 21 AU/mL were considered positive, as specified
by the manufacturer.

Statistical Analysis
Analyses were performed on the R statistical software plat-
form, version 4.0.2 (R Foundation for Statistical Computing).
A χ2 test or Fisher exact test was performed for comparisons
of proportions. A logistic regression using seroconversion as
the outcome and risk factors as independent variables was per-
formed for multivariable analysis. With 2-sided, unpaired test-
ing, the significance threshold was set at P < .05.

Results
We enrolled 163 patients (median age, 66 [range, 27-89] years;
86 men [53%]; 77 women [47%]) receiving oncologic treat-
ment for solid cancer with no history of COVID-19 and a nega-
tive SARS-CoV-2 antinucleocapsid serologic test before vacci-
nation, indicating the lack of prior exposure to COVID-19.
Among these patients, 122 received chemotherapy (75%), 26
received targeted oral therapy (16%), and 15 received immu-
notherapy (9%) (Table). Median follow-up was 14 weeks (IQR,
8-16 weeks).

At the time of the second dose, 22 of 145 patients (15%) had
anti-S IgG titers greater than 1000 AU/mL (median, 30.4 AU/mL

[IQR, 0-243.4 AU/mL]). One month after the second dose, the
number of patients with anti-S IgG titers greater than
1000 AU/mL increased to 92 of 142 (65%) (median,
1996.3 AU/mL [IQR, 498.2-5575.3 AU/mL]).

In concordance with local practices, we offered a third dose
to patients with a weak humoral response, considering a cut-
off of anti-S IgG titer less than 1000 AU/mL 28 days after the
second dose.5,6 The third dose improved the humoral re-
sponse in 27 of 36 patients (75%) (median, 7435.3 AU/mL [IQR,
989.8-16103.5 AU/mL]) (Figure).

Because the administration of 3 doses of vaccine was de-
bated when the study was initiated, patients with anti-S IgG
titers greater than 1000 AU/mL were not offered a third vac-
cine dose. We observed a global decrease of their anti-S IgG lev-
els 3 months after the second dose, with 27 of 64 patients (42%)
then presenting with titers less than 1000 AU/mL (median,
1352.5 AU/mL [IQR, 569.8-2186.4 AU/mL]).

Age, sex, cancer type (digestive, urologic, and breast), can-
cer category (neoadjuvant, adjuvant, metastatic first, or >1 line),
lymphopenia, and use of corticosteroids 4 or more weeks be-
fore the vaccine injection were not associated with the level
of humoral response at the time of the second dose or 28 days
after the second dose. In multivariable analysis, patients treated
with chemotherapy or targeted therapy had a lower anti-S IgG
level than those receiving immunotherapy (odds ratio, 5.4; 95%
CI, 1.5-20.2; P = .02). Schedules of administration (daily,
weekly, every 2 weeks, and every 3 weeks) and time between
vaccination and intravenous chemotherapy administration
(≤48 vs >48 hours) were not associated with the intensity of
the humoral response.

No severe adverse events were observed after the third
dose. No patient presented symptomatic SARS-CoV-2 infec-
tion after 2 doses of vaccine or developed antinucleocapsid
antibody response.

Discussion
A third vaccine booster dose strengthened the immune re-
sponse in most patients with a weak humoral response after
the second dose.6,7 Most patients who remained seronega-
tive after 2 doses showed an emerging humoral response 28
days after the third dose.

Key Points
Question What is the immune humoral response to 2 or 3 doses
of the BNT162b2 (BioNTech; Pfizer) vaccine in patients treated
with anticancer agents for solid cancer?

Findings In this cohort study including 163 patients, a third
vaccine dose strengthened the immune response in 75% of the
patients treated with chemotherapy or targeted therapy
presenting a weak humoral response after the second dose.

Meaning The data of this study appear to support the use of a
third vaccine dose as a booster dose among patients with active
cancer treatment for solid tumors.
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To date, few studies have reported a prolonged serologic
follow-up of 3 months after 2 doses of BNT162b2 vaccine.8,9

Immunogenicity after 2 doses of vaccine seems to be stron-
ger in patients with solid cancer compared with those who have
hematologic c ancer or have undergone solid organ
transplantation.8,10 COVID-19 guidelines have evolved since
this study was designed, and a third dose is now recom-
mended at 6 months for adults older than 60 years. The re-
sults of this study suggest that a third dose of the SARS-CoV-2
vaccine could be needed at 1 month after the second dose in
patients receiving active cancer treatment.

Patients treated with targeted therapy (mainly tyrosine
kinase inhibitors or anti-CDK4/6 inhibitors) had the same hu-
moral immune response profile as those treated with chemo-
therapy, and patients treated with immunotherapy had a stron-
ger humoral response. We did not find any factor associated
with a weak humoral response in patients receiving chemo-
therapy or targeted therapy: delay between vaccination and
chemotherapy (≤48 vs >48 hours from the previous and next
injection) was not associated with the intensity of the hu-
moral response. This result must be confirmed in larger co-
horts, because the organization of vaccination schedule and
chemotherapy cycles is a daily challenge.11

Limitations
This study has limitations, including the absence of B- and
T-cell function analysis. Correlation between serologic titers

and protection against infection remains unclear, although neu-
tralizing antibodies have been shown to be associated with im-
mune protection from symptomatic infection.12,13 Several in
vitro thresholds correlating with high levels of neutralizing an-
tibodies against the receptor-binding domain of the spike pro-
tein have been proposed.3,14,15 Owing to concerns about re-
duced sensitivity of the Delta SARS-CoV-2 variant to antibody
neutralization, we selected a threshold of 1000 AU/mL.5,16 Sta-
tistical significance of multivariable analysis should be inter-
preted with caution, and the lack of association with some vari-
ables could be the consequence of the relatively small number
of patients, which also prevented us from performing com-
parative analyses after the third dose. The number of pa-
tients without iterative blood sampling was mainly owing to
the poor prognosis associated with cancer.

Conclusions
In this cohort study of patients treated with anticancer agents,
the use of an early third SARS-CoV-2 vaccine dose appeared
to be capable of stimulating humoral immune response. Pa-
tients treated with targeted therapy had the same humoral re-
sponse profile as those treated with cytotoxic chemotherapy.
The timing between vaccine administration and intravenous
chemotherapy cycle was not associated with humoral re-
sponse.
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Figure. Humoral Immune Response After 2 or 3 Doses of BNT162b2 Vaccine
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immune response greater than 1000 AU/mL at 3 months after the second dose.
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response at 3 months (n = 64). B, Humoral immune response after 3 doses of

vaccine: orange lines indicate the antibody titers of patients with a strong
immune response greater than 1000 AU/mL at 1 month after a third dose of
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persistent weak immune response less than 1000 AU/mL at 1 month after a
third dose of mRNA vaccine. M1 indicates first month; M3, third month; V1, first
dose of BNT162b2 vaccine; V2, second dose of BNT162b2 vaccine; V3, third
dose of BNT162b2 vaccine.
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