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Immune responses to COVID-19 vaccines
in patients with cancer: Promising results
and a note of caution
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SARS-CoV-2 vaccines are effective in preventing COVID-19. Patients with cancer are at high risk for severe
COVID-19 and are appropriately prioritized for vaccination. Several studies in this issue of Cancer Cell add to
our knowledge of the heterogeneity of immune responses to vaccination among patients with cancer and
identify important areas for future research.

Patients with cancer are at increased risk
for morbidity and mortality from SARS-
CoV-2 infection. The increased risk of
complications reflects older age and
general co-morbidities that are more
common in patients with cancer (e.g.,
co-existing lung and cardiovascular dis-
ease). Adults with hematologic malig-
nancies are at particularly high risk for
death from COVID-19, which likely re-
flects immune impairment from the under-
lying disease as well as therapies that
disable innate, B cell, and T cell immunity.
Following SARS-CoV-2 infection, patients
with hematologic malignancies have been
found to have prolonged viral shedding,
impaired seroconversion, an exhausted
T cell phenotype, and sustained im-
mune-dysregulation compared to pa-
tients with solid tumors (Abdul-Jawad
et al., 2021).

FDA-authorized vaccines  against
SARS-CoV-2 are effective in preventing
COVID-19 and in reducing viral transmis-
sion, and they dramatically reduce the
risk of COVID-19-related hospitalization
and mortality in immunocompetent per-
sons. Because patients with active cancer
were underrepresented in these trials, an
important gap in knowledge is the extent
to which COVID-19 vaccines are protec-
tive in this high-risk population. Reflecting
the urgent need to protect patients with
cancer from COVID-19 and the safety of
FDA-authorized SARS-CoV-2 vaccines
in the general population, multiple profes-
sional societies and organizations (e.g.,
the National Comprehensive Cancer
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Network) strongly endorsed prioritization
of such patients for SARS-CoV-2 vacci-
nation, while noting gaps in knowledge
on their efficacy.

Recently, a number of important
studies have begun to elucidate the spec-
trum of early vaccine response among
larger subsets of patients with cancer
who are receiving different types of ther-
apy. The data on COQVID-19 vaccine
immunogenicity in patients with cancer
are preliminary and mostly limited to mea-
surement of post-vaccine antibody titers
to the viral spike protein. So far, the safety
of vaccines in patients with cancer is
similar to that in the general population.
The vast majority of patients with solid tu-
mors who are receiving chemotherapy
generate antibody responses to two
doses of BNT162b2, although titers may
be lower than those for healthy controls
(Massarweh et al., 2021; Monin et al.,
2021). However, sub-optimal immunoge-
nicity of COVID-19 vaccines has been
observed in patients with hematologic
malignancies (Herishanu et al., 2021).

Research published in this issue of
Cancer Cell significantly extends our
knowledge of COVID-19 vaccine immuno-
genicity in patients with cancer. Thakkar
et al. evaluated anti-spike IgG titers in 200
patients with cancer (67 % with solid tumors
and 33% with hematologic tumors, pre-
dominantly lymphoid) after the patients
were fully vaccinated with one of the FDA-
authorized COVID-19 vaccines (Thakkar
et al., 2021). Patients were from the New
York City area and represented a diverse
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ethnic background. At the time of vaccine
administration, 75% of patients had an
active cancer diagnosis and 67% were
receiving treatment. The overall serocon-
version rate was 94%, with a significantly
lower seroconversion rate in patients with
hematologic malignancies (85%) versus
solid tumors (98%). Substantially lower
rates of seroconversion occurred in pa-
tients receiving anti-CD20 therapy (70%)
or stem cell transplantation (73%). Patients
receiving immune checkpoint inhibitor ther-
apy or hormonal therapies had high sero-
conversion rates.

Addeo et al. assessed anti-SARS-
CoV-2 spike protein antibody titers
following the first and second doses of
BNT162b2 and mRNA-1273 SARS-CoV-
2 vaccines in 131 patients with cancer in
the U.S. and Europe (Addeo et al., 2021).
81% of patients had solid tumors and
19% had hematologic cancers (the major-
ity of these were B cell malignancy sub-
types). Overall, 94% of patients serocon-
verted after completion of the second
dose; responses were less robust after
the first dose. Seroconversion rates were
significantly lower in patients with hema-
tologic malignancies (77%) than in those
with solid tumors (98%). Antibody titers
were highest in patients who were not
receiving cancer therapy (on surveillance)
or were receiving endocrine therapy
compared to those receiving cytotoxic
therapy. Reflecting the prolonged B cell
depletion following anti-CD20 regimens,
none of the vaccinated patients who
received anti-CD20 antibody in the
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Figure 1. Predicted continuum of COVID-19 vaccine efficacy for patients with cancer based on cancer type and therapy

The majority of patients with cancer, including those who have solid tumors and are receiving active therapy, are expected to have protective titers following
completion of COVID-19 vaccination. Specific patients with hematologic malignancies, such as cellular therapy recipients and those who are receiving B cell-
depleting agents, may not mount protective responses. For a number of cancer types and regimens, vaccine-induced immune responses are unknown (right

column) and warrant further research.

Abbreviations: ICI, immune checkpoint inhibitor; CLL, chronic lymphocytic leukemia; MM, multiple myeloma; JAK, janus kinase.
*B cell-depleting agents include anti-CD20 agents (e.g., rituximab), anti-CD38 therapy, BCMA targeted agents, and Bruton tyrosine kinase inhibitors.

6 months prior to vaccination developed
an antibody response.

Van Oekelen et al. analyzed anti-spike
IgG titers in 320 patients with multiple
myeloma who received COVID-19 vacci-
nations (Van Oekelen et al., 2021). They
observed a highly variable antibody
response after the patients completed
the two-dose COVID-19 vaccination
regimen, with 15.8% developing no
detectable anti-SARS-CoV-2 spike IgG
antibodies. Patients receiving active
therapy had lower antibody levels, with
anti-CD38 regimens and B cell maturation
antigen (BCMA)-targeted therapies corre-
lating with lower titers. The clinical rele-
vance of these findings is underscored
by four vaccinated patients who devel-
oped severe COVID-19 that required
hospitalization, one of whom died of res-
piratory failure. Hill et al. present a case
report of a patient on B cell-depleting
therapy which suggests that heterologous
vaccination (mixed vaccines) against
SARS-CoV-2 may enhance antibody
response in this setting (Hill et al., 2021).

Together, these studies demonstrate
the heterogeneity of patients with cancer
regarding vaccine-induced immune re-
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sponses (Figure 1). In general, antibody
responses for patients with the most com-
mon solid tumor types (breast, aerodiges-
tive, and GU malignancies), including
those receiving chemotherapy, were re-
assuring. We do not know if those with
less common solid tumors or those who
receive intensive cytotoxic regimens
(e.g., for sarcoma or germ cell tumors)
will have impaired immune responses to
vaccination. Patients with B cell malig-
nancies who are distant from therapy or
in remission appear respond to vaccina-
tion, but those on B cell-depleting agents
or who have undergone cellular therapies
are much less likely to be protected. Pa-
tients with myeloid malignancies and
acute leukemias are not represented in
these studies, and their degree of protec-
tion from vaccination is unknown.

Even when patients with cancer mount
an immune response to COVID-19 vacci-
nation, a number of questions remain. We
do not know whether immune responses
will have the same durability as in a
healthy population or if post-vaccine
anti-cancer therapies will impact degree
and duration of protection. Although com-
plete absence of detectable antibodies

after vaccination likely equates to a lack
of protection, we do not know what level
of antibody titer assures protection.
Moreover, although serum titers are
straightforward to measure, they do not
encapsulate other important features of
the immune response to natural infection
and vaccination, such as memory B cell
and T cell responses that are likely to drive
long-term immunity (Andreano et al.,
2021; Kared et al., 2021). More compre-
hensive analysis of cellular immune re-
sponses to vaccination in patients with
cancer and in otherimmunocompromised
patients are warranted. Clinical trials of
novel vaccine approaches, such as
boosters and heterologous vaccination,
should be prioritized in order to enhance
vaccine efficacy in those who are unable
to mount an adequate immune response
to standard-of-care vaccination.

Finally, the Centers for Disease Control
have appropriately removed restrictions
(masks and social distancing) for the gen-
eral public who have completed COVID-
19 vaccination. Importantly, current data
suggest that these liberalized guidelines
should not be automatically extended to
all patients with cancer; those receiving
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cytotoxic or targeted agents expected to
impair vaccine immunogenicity should
likely continue to exercise caution. This
concern is especially important for patients
with active hematologic cancers, stem cell
transplant recipients, and those recently
treated with B cell-depleting agents (e.g.,
anti-CD20 monoclonals, Bruton tyrosine
kinase inhibitors, and BCL2 inhibitors),
who are likely to have sub-optimal protec-
tion from vaccination, as well as subsets
of patients in whom vaccine efficacy has
not been adequately tested.
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Is resistance to targeted
therapy in cancer inevitable?
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Resistance to targeted therapies is a major challenge in cancer care and occurs via genetic and non-genetic
mechanisms. In this issue of Cancer Cell, Marin-Bejar et al. demonstrate that melanomas recurrently select
genetic or non-genetic resistance trajectories and that targeting neural crest stem cell-like cells prevents
non-genetic, but not genetic, resistance.

Targeted anti-cancer therapies have
revolutionized cancer care; however,
cures remain uncommon due to the
development of resistance. Targeted
therapies have two major advantages
over other anti-cancer therapies: excep-
tional response rates and low toxicities.
Overcoming resistance therefore remains
one of the greatest priorities to improve
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outcomes and quality of life for cancer
patients.

Remarkable progress has been made
in our understanding of the genetic bases
of acquired resistance to therapies tar-
geting the mitogen-activated protein ki-
nase (MAPK) pathway in BRAF-mutated
melanoma. Significantly, more than 20
mechanisms of genetic resistance have

Cancer Cell 39, August 9, 2021 © 2021 Published by Elsevier Inc.

been identified so far (Lim et al., 2017).
Another reason that targeted therapy fails
to provide durable responses is the
adaptive nature, or plasticity, of mela-
noma cells. Continuous exposure to
MAPK-targeted therapies can trigger a
series of cell-state transitions that allow
cells to survive and persist, resulting in
minimal residual disease (MRD). These

1047



http://refhub.elsevier.com/S1535-6108(21)00342-1/sref1
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref1
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref1
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref1
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref1
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref1
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref1
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref1
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref2
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref2
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref2
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref2
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref2
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref2
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref3
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref3
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref3
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref3
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref3
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref3
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref4
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref4
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref4
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref4
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref4
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref4
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref5
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref5
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref5
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref5
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref5
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref6
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref6
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref6
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref6
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref6
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref6
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref7
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref7
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref7
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref7
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref7
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref7
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref7
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref8
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref8
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref8
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref8
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref8
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref8
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref8
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref8
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref9
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref9
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref9
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref9
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref9
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref9
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref10
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref10
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref10
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref10
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref10
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref10
http://refhub.elsevier.com/S1535-6108(21)00342-1/sref10
mailto:grant.mcarthur@petermac.org
https://doi.org/10.1016/j.ccell.2021.07.013

