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two doses of MRNA-1273, BNT162b2, or one dose of Ad26.COV2.S. We analyzed responses by multivariate
regression and included data from 1,638 healthy controls, previously reported, for comparison.

RESULTS Between April and July 2021, we enrolled 1,001 patients; 762 were eligible for analysis (656 had
neutralization measured). mRNA-1273 was the most immunogenic (log1o geometric mean concentration
[GMC] 2.9, log1o geometric mean neutralization titer [GMT] 2.3), followed by BNT162b2 (GMC 2.4; GMT 1.9)
and Ad26.COV2.S (GMC 1.5; GMT 1.4; P < .001). The proportion of low neutralization (< 20% of convalescent
titers) among Ad26.COV2.S recipients was 69.9%. Prior COVID-19 infection (in 7.1% of the cohort) was as-
sociated with higher responses (P < .001). Antibody titers and neutralization were quantitatively lower in patients
with cancer than in comparable healthy controls, regardless of vaccine type (P < .001). Receipt of chemo-
therapy in the prior year or current steroids were associated with lower antibody levels and immune checkpoint
blockade with higher neutralization. Systemic reactogenicity varied by vaccine and correlated with immune
responses (P = .002 for concentration, P = .016 for neutralization). In 32 patients who received an additional
vaccine dose, side effects were similar to prior doses, and 30 of 32 demonstrated increased antibody titers (GMC
1.05 before additional dose, 3.17 after dose).

CONCLUSION Immune responses to SARS-CoV-2 vaccines are modestly impaired in patients with cancer. These
data suggest utility of antibody testing to identify patients for whom additional vaccine doses may be effective and
appropriate, although larger prospective studies are needed.

J Clin Oncol 00. © 2021 by American Society of Clinical Oncology
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INTRODUCTION

SARS-CoV-2 has led to almost 200 million recorded
infections and nearly 5 million deaths globally as of
September 2021 (WHO COVID-19 dashboard). Pa-
tients with cancer have a particularly high risk of poor
outcomes from SARS-CoV-2 infection with increased
rates of severe disease and death.?

differences in study design, and there are limited real-
world effectiveness data comparing all three vaccines. A
growing body of data suggest antibody and, more so,
neutralization titers correlate with protection against in-
fection after vaccination.®’

Aberrantimmune responses in the setting of underlying
cancer, use of immunosuppressive anticancer thera-

In clinical trials, vaccination with mRNA-1273 (Mod- Pies, older age, and high rates of comorbidities may

erna, Cambridge, MA), BNT162b2* (Pfizer BioNTech,
New York, New York), and Ad26.COV2.S° (Johnson &
Johnson Janssen, Leiden, the Netherlands) was effi-
cacious in reducing the risk of severe disease and in-
fection. Cross-trial comparisons are limited by

collectively lead to impaired immune responses and
altered reactogenicity following immunization against
SARS-CoV-2. However, published trials did not spe-
cifically include patients with a history of or active
cancer, although these individuals comprise > 15% of
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CONTEXT

Key Objective

To understand the immunogenicity and reactogenicity of SARS-CoV-2 vaccines in patients with cancer.

Knowledge Generated

Prior SARS-CoV-2 infection, vaccine type (MRNA1273>BNT162b2>Ad26.COV2.S), receipt of chemotherapy, cortico-

steroids, and immune checkpoint blockade were associated with immunogenicity to SARS-CoV-2 vaccines in patients
living with cancer, in whom responses were overall lower than those in healthy controls. Reactogenicity was similar to
reports in healthy individuals and was more frequent in those with prior infection. Systemic reactogenicity correlated with
immunogenicity. Additional vaccine doses appeared safe and immunogenic.

Relevance
In patients with cancer, SARS-CoV-2 vaccines appear safe and immunogenic in most patients. Antibody testing may help

identify those with inadequate responses, in whom additional vaccine doses appear to be safe and effective.

people age older than 65 years.® Some studies have sug-
gested lower seroconversion rates and antibody concen-
trations following SARS-CoV-2 vaccination in patients with
cancer,®'” and particularly low responses in patients who
have received B-cell-depleting agents. However, these
studies are limited in size, thereby prohibiting key subgroup
analyses, and frequently report only measurement of binding
antibodies, or focus on the effects of individual vaccines.

We aimed to identify correlates of the immunogenicity and
reactogenicity of current US Food and Drug Administration
Emergency Use Authorization vaccines in a large cohort of
approximately 1,000 patients enrolled in the Cancer,
COVID, and Vaccination (CANVAX) study.

METHODS
Study Design, Eligibility, and Study Procedures

The CANVAX study is a prospective cohort study that en-
rolled adult patients at the Massachusetts General Hospital
Cancer Center who intended to receive or had received
SARS-CoV-2 vaccination. The study was advertised on a
website and on posters across the cancer center; patients
were also directly referred by their oncology care team.
Written informed consent was obtained. Participants
completed a standardized electronic or paper question-
naire that included questions about baseline demo-
graphics, cancer treatment history, medical history, SARS-
CoV-2 exposures and infection, vaccination information,
and postvaccine symptoms (vaccine reactogenicity). Ad-
ditional clinical information was abstracted from the
medical record, including cancer type, cancer history,
complete blood counts obtained at the last visit before
vaccination, cancer therapy within 1 year before enroll-
ment, or contemporaneous corticosteroid use (excluding
replacement dose or chemotherapy-associated dosing).

This analysis considers CANVAX participants with com-
pleted baseline survey and antibody testing from April 21

2 © 2021 by American Society of Clinical Oncology

through July 21, 2021; or with antibody testing after an
additional vaccine dose through September 20, 2021. We
excluded individuals who had been sampled within 7 days
of the final dose of the vaccine series or had not completed
the full series. The results of antibody testing at the primary
timepoint were returned to participants. This study was
approved by the Mass General Brigham Human Research
Committee (2021P000746).

Data from healthy controls recruited into a separate study in
Chelsea or Boston, Massachusetts, and analyzed con-
temporaneously (detailed elsewhere®!?) are included as
healthy (noncancer) comparison cohorts.

Antibody Assays

Serum antibody assays were performed with the Roche
Elecsys Anti-SARS-CoV-2 S assay (Roche Diagnostics,
Indianapolis, IN), at the Massachusetts General Hospital
Core Clinical laboratory, a CLIA laboratory. Participants with
a negative test result (cutoff index < 0.4) were offered
confirmatory testing 7-14 days later and referred to clinical
immunology specialists for further counseling at the dis-
cretion of the ftreating oncologist. A positive anti-
nucleocapsid antibody (Roche Elecsys Anti—-SARS-CoV-2
total [nucleocapsid assayl) was regarded as evidence of
prior infection.

Assessment of Neutralization

Neutralization was measured with a SARS-CoV-2 pseu-
dovirus neutralization assay that has been previously
described.!®2° A pseudovirus neutralization titer 50 was
calculated by taking the inverse of the serum concentration
that achieved 50% neutralization of SARS-CoV-2 pseu-
dotyped lentivirus particles entry into cells.

Study End Point and Statistical Analysis

The primary end points of this study were immunoglobulin
(Ig)A/G/M antispike antibody concentration and neutrali-
zation titers. Secondary end points included reactogenicity.
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A prespecified enroliment target of 1,000 was designated,
and analyses according to vaccine, cancer type, treatment
type, and age were prespecified. A copy of the study
protocol is available from the authors. Analyses were
performed in R (v4.05) using the gtsummary packages and
Im() and glm(family = binomial) functions. We modeled
logio-transformed antispike concentration or pseudovirus
neutralization titer 50 as the dependent variable, and age,
sex, ethnicity, days postvaccination, vaccine group, prior
infection, cancer type, therapy type, and steroids as the
independent variables. All P values reported are adjusted
(ie, multivariate) exceptin Tables S1, S7, and S8 in the Data
Supplement (online only), where they represent simple
Fisher's exact or chi-squared test results. Figures were
rendered in GraphPad Prism v9.0.

RESULTS
Patient Characteristics

Between April 29 and July 20, 2021, 1,622 patients were
screened for enroliment (Data Supplement) and 1,001 were
enrolled. In total, 762 were eligible for the current analysis.
Pertinent demographic, cancer, and therapy characteristics
of the patients included in this cohort are summarized in
Table 1. Of note, 9% of the cohort was non-White and 2.2%
self-identified as Hispanic or Latinx. Seventy-one-and-one-
half percent (71.5%) of the cohort received care primarily for
a solid-organ malignancy, 11% for a hematologic malig-
nancy, and 15% had undergone bone-marrow transplant for
a hematologic indication and were classified as a separate
group. Twenty-seven percent of patients were not receiving
cancer-directed systemic therapy. 37.8% (288 of 762) of the
participants had completed a vaccine series with mRNA-
1273 (two doses), 50.3% with BNT162b2 (two doses), and
11.9% with Ad26.COV2.S (single dose). Details for each
group are included in the Data Supplement. Participants
were sampled at a median of 79 days (interquartile range
[IQR], 57-106 days) after the first dose of vaccine.

Prevalence of Antibody-Confirmed Prior
SARS-CoV-2 Infection

Among the 7% (53 of 762) of participants with a positive
antinucleocapsid antibody result indicating prior SARS-CoV-
2 infection, 71.7% (38 of 53) reported that they had a known
history of SARS-CoV-2 infection, of whom 18.4% (7 of 38)
had been hospitalized and 13.2% (5 of 38) were asymp-
tomatic. The overall proportion of asymptomatic, antibody-
confirmed SARS-CoV-2 infection was 30.2% (16 of 53). Ten
participants reported a prior history of SARS-CoV-2 infection
but had undetectable nucleocapsid antibodies; their vaccine
responses were similar to individuals without prior infection
and they are analyzed as nucleocapsid antibody negative.

Immunogenicity of SARS-CoV-2 Vaccines

Antibody responses to current US Food and Drug Ad-
ministration Emergency Use Authorization SARS-CoV-2
vaccines are directed against the spike protein. We
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analyzed combined antispike 1gA/G/M antibody concen-
trations and neutralization titers. For comparison, we in-
cluded data using the same assays in a healthy
(noncancer) cohort of 418 (supplemented further with 1,
220 prepandemic controls for neutralization assay valida-
tion) healthy ambulatory adults collected contemporane-
ously and previously described.’® In the primary
multivariate analysis of antibody concentration and neu-
tralization titers, vaccine type, prior infection, treatment
modalities, cancer type, age, and time of sampling are
independently associated (Table 2). We present exploration
of each correlate below.

Vaccine type and prior infection. Antibody concentrations
and neutralization titers differed significantly according to
vaccine with responses to mRNA-1273 being the highest
(geometric mean antibody concentration in log;g U/mL
[GMC] 2.9; geometric mean neutralization titer in logio
units [GMT] 2.3), followed by BNT162b2 (GMC 2.4; GMT
1.9) and finally Ad26.COV2.S (GMC 1.5; GMT 1.4) (Fig 1,
Table 2; multivariate adjusted P < .001). Seroconversion
rates (ie, a positive spike antibody above the threshold for
positivity of 0.8 U/mL) followed a similar pattern. Quanti-
tative antibody concentrations and neutralization titers were
lower in patients with cancer in CANVAX compared with
healthy (noncancer) controls, even after adjusting for age,
time of sampling, and vaccine (antibody concentrations:
-0.6 log1o U/mL; 95% CI, -0.80 to -0.41; P < .001; neu-
tralization titer: —0.35 log;o U/mL; 95% Cl, -0.06 to -0.03;
P < .0001; Data Supplement). A propensity-score matching
approach yielded similar results (Data Supplement) and
highlights the higher immunogenicity of mRNA vaccines
compared with Ad26.COV2.S (Data Supplement). Prior
SARS-CoV-2 infection was associated with significantly
higher antibody titers and neutralization (Fig 1 and Table 2),
as has been observed in noncancer patients.!®?! Relative to
unvaccinated healthy (noncancer) controls with prior in-
fection, responses among vaccinated CANVAX patients with
prior infection were higher regardless of vaccine, and among
those without prior infection, responses were higher after
MmRNA1273, similar after BNT162b2 and lower after
Ad26.COV2.S (Data Supplement).

Therapy and cancer types. Receipt of chemotherapy in the
preceding 12 months was associated with lower antibody
concentrations (-0.29 log;o U/mL; 95% Cl, -0.44 to -0.14;
P < .001) and neutralization titers (<0.21; 95% Cl, -0.32 to
-0.09; P < .001; Fig 2; Table 2). There was no statistical
heterogeneity in effect by time of chemotherapy administra-
tion (1 month, 1-3 months, and 3-12 months; interaction
P >.05). In a nonprespecified analysis in 458 individuals with
blood counts available, lymphopenia (absolute lymphocyte
count< 1,000/nL), measured at the last visit before vacci-
nation (median of 6 days prior, IQR 19:0 days), was asso-
ciated with lower antibody concentrations (-0.26 logio U/mL;
95% Cl, -0.46 to —0.06; P = .01), but not neutralization titers.
Neither absolute neutrophil count nor neutropenia (absolute
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TABLE 1. Baseline Characteristics of the Cancer, COVID, and Vaccination Cohort  neutrophil count < 1,500/mL) was associated with antibody
(N = 762) and the Healthy (noncancer) Control Cohort (Reported in Ref. 19) concentrations.

Characteristic N = 762 N = 418
oo [P ETE T Receipt of immune checkpoint blockade tended to be
Sox Mo (%) associated with higher negtralization titers (0.13; 95% Cl,
m— po— . -0.01t00.27; P = .063; Fig 2; Table 2). Current receipt of
corticosteroids was associated with lower antibody con-
Male 290 58 P1U9  centrations (-0.37; 95% Cl, —0.61 to -0.12; P = .003) and
Other LoD 0O tended to be associated with lower neutralization titers
ELLE NS ) (-0.15; 95% Cl, -0.33 t0 0.03; P = .09; Data Supplement).
Al o Lai e 246889 There were no significant differences in antibody concen-
Not Hispanic or not Latinx GB (E) ey () tration or neutralization titers between tumor types among
Unavailable or choose not to provide 60 (7.9) 512 patients with solid tumors, but responses were lower in
Race, No. (%) patients who had undergone bone marrow transplantation
American Indian or Alaska Native 0 (0) (Data Supplement) or with hematologic malignancies.
/;:l 3: :zz Age and time of sampling. Increasing age was associated
i with lower antibody concentration and neutralization titers
Native Hawaiian or Pacific Islander 304 (P < .001 for both comparisons, Data Supplement). Later
White 694 G1) sampling relative to vaccination was associated with sig-
More than one race 16D nificantly lower neutralization titers, and modeling these
Unavailable or choose not to provide 21 (28) cross-sectional measures suggested a linear decay (Data
Cancer type, No. (%) Supplement).
so:::fj::” — o LW 505 CO(relqtes yf low neutraliz_atian. Ant_ibody |¢ve|§ andl neu-
p— - tra_||zat|on titers correlate v_wtlh proltectlon ag_amst mfechon_m
animal models??2® and clinical trials of vacines.®” There is,
Melanoma or Merkel cell cancer & ab as vet, no specific threshold indicative of protection but a
Head and neck =202 neutralization titer > 20% of the GMT in convalescent
g 2 e individuals (a value of 27.6 in this study) corresponds with
Other ) 50% reduction in infection risk in modeling studies.®
Hematologic (n = 198, 26%) Overall, 18.7% of patients with cancer who received
Bone marrow transplanted® 113 (15) MRNA-1273, 34.7% who received BNT162b2, and 69.9%
Leukemia 52 (6.8) who received Ad26.COV2.S had neutralization titers lower
Myeloproliferative neoplasm or myelodysplastic syndrome 18 (2.3) than this level (Fig 1). Receipt of Ad26.COV2.S (odds ratio
Lymphoma 6 (0.8) [OR] 11.3; 95% ClI, 6.04 to 21.6 relative to mRNA-1273;
Other 19 (2.5) P < .001), BNT162b2 (OR 2.47; 95% Cl, 1.63 to 3.82

Stage (most recent), No. (%) relative to mRNA-1273; P < .001), hematologic malig-
1 76 (12) nancy (OR 1.57;95% Cl, 1.05t0 2.35; P = .028), and age
2 68 (11) (OR 1.12 per 5-year increase; 95% Cl, 1.04 to 1.21;
3 75 (12) P = .002) were associated with increased odds of having a

(36)
29)

low neutralization titer < 27.6 (Data Supplement). Prior
SARS-CoV-2 infection (OR 0.14; 95% ClI, 0.03 to 0.42;
P = .002) and receipt ofimmune checkpoint blockade (OR
0.47;95% Cl, 0.27 t0 0.80; P = .002) were associated with

4 226 (36,

Nonstageable disease® 184 (29

Therapy in the prior 12 months, No. (%)

No systemic therapy 205 (27)
reduced odds.
Chemotherapy 101 (13)
Immune checkpoint blockade 70 9.2) Reactogenicity of SARS-CoV-2 Vaccines in Patients
Targeted therapy 149 (20) With Cancer
Combination 124 (16) We assessed local and systemic adverse effects after
Receiving corticosteroids* 70 (9.2) vaccination. The majority of participants, 71.5% (545 of

762), reported at least one local or systemic symptom after
“Includes lung cancer, thymic cancers, and mesothelioma. vaccination (Datal Supplemgnt). Tlh? mIOSt frequent local
®Includes four chimeric antigen receptor T-cell recipients. symptom was pain a't t'he site of injection (Data Supple-
“Includes patients not eligible for staging, for example, myelodysplastic syndrome ~ Ment, Fig 3). The timing of local symptoms was most

Abbreviation: IQR, interquartile range.

or bone marrow transplant. frequently after both doses of vaccine, or after the second
dCorticosteroids at doses above replacement doses and excluding administration ~ dose only (in mRNA vaccine recipients). The most common
around chemotherapy. systemic symptom was fatigue. Systemic symptoms were

4 © 2021 by American Society of Clinical Oncology
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most commonly seen after the second dose of vaccine. The
frequency of local or systemic symptoms was highest in
MRNA-1273 recipients (81%, 233 of 288), followed by
BNT162b2 recipients (72%, 274 of 383) and lowest in
Ad26.COV2.S recipients (42%, 38 of 91) (P < .001, Data
Supplement). Most patients reported their symptoms were
mild or moderate (89%, 479 of 538). Prior infection was
associated with higher systemic, but not local, symptoms
(Data Supplement).

Association Between Reactogenicity and Immunogenicity
of SARS-CoV-2 Vaccines

As reactogenic symptoms may be because of immune
mechanisms involved in vaccine immunogenicity, we hy-
pothesized that reactogenicity may associate with immu-
nogenicity. Adjusting for vaccine type and prior infection,
the presence of systemic symptoms was associated with

higher antibody concentration (0.23 log1o U/mL higher; Cl,
0.08t0 0.39; P = .002) and neutralization titers (0.14 log1q
higher; 0.03 to 0.25; P = .016; Fig 3 and Data Supple-
ment). No association between local symptoms and im-
mune responses was observed.

Responses to Additional Vaccine Doses

The safety and immune response to additional vaccine
doses given after the full series of vaccines is not known.
Thirty-two participants reported receiving either the mRNA-
1273 (n = 15) or BNT162b2 (n = 17) vaccine following
completion of the mRNA-1273 (n = 7), BNT162b2
(n = 17), or Ad26.COV2.S (n = 8) series, either on the
recommendation of their medical team, or following recent
CDC guidance (September 12, 2021). One participant
each reported receiving two additional doses of mRNA-
1273 0or BNT162b2, and are included in the analysis below.

TABLE 2. Correlates of Immunogenicity in the Cancer, COVID, and Vaccination (CANVAX) Study
Spike (n = 762)

Neutralization (n = 655)

Characteristic Effect Size (log10 U/mL) 95% CI Adjusted P Effect Size (pNT50 U/mL) 95% ClI Adjusted P
Age (per 5 years) -0.06 -0.09 to -0.03 < .001 -0.04 -0.06 to -0.03 < .001
Sex

Female Ref. Ref.

Male -0.07 -0.22 t0 0.08 4 0 -0.12t0 0.11 > 9
Ethnicity

Hispanic or Latinx Ref. Ref.

Not Hispanic or not Latinx 0.05 -0.43 to 0.53 .8 -0.35 -0.72 to 0.02 .065
Prior infection (serology)

Negative Ref. Ref.

Positive 1.2 0.88t0 1.4 <.001 1 0.79t0 1.2 < .001
Vaccine

mRNA1273 Ref. Ref.

BNT162b -0.51 -0.66 to —0.36 < .001 -0.45 -0.56 to -0.34 < .001

AD26.COV2.S -13 -1.5t0-1.0 < .001 -0.94 -1.1t0-0.76 < .001
Cancer type

Solid Ref. Ref.

BMT -0.32 -0.53 10 -0.11 .003 -0.09 -0.24 10 0.07 3

Hematologic cancer -0.49 -0.731t0-0.25 < .001 -0.32 -0.50t0 -0.14 < .001
Receiving chemotherapy -0.29 -0.44 t0 -0.14 < .001 -0.21 -0.32 to -0.09 < .001
Receiving immune checkpoint 0.05 -0.14 10 0.25 .6 0.13 -0.01 to 0.27 .063

blockade

Receiving targeted therapy -0.01 -0.17 10 0.15 > 9 0.05 -0.07 10 0.17 4
Concurrent corticosteroids

Not receiving corticosteroids Ref. Ref.

Receiving corticosteroids -0.37 -0.61 t0 -0.12 .003 -0.15 -0.33t0 0.03 .092
Time (per week after 1st dose) 0 -0.01 to 0.02 0.7 -0.03 -0.05 to -0.02 < .001

NOTE. Shown are the results of multivariate regression model including the covariates shown, with either antispike immunoglobulin A/G/M or SARS-CoV-2
neutralization as the response variable.
Abbreviations: BMT, bone marrow transplant; pNT50, pseudovirus neutralization titer 50.
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No. 122 143 55 266 47 358 23 85 7 22 7 25 14 6
GMC (log,,) -03 24 3.8 29 3.4 24 1.7 15 4.6 3.6 4.2 3.8 3.8 3.7
Positive (%) 65 993 100 96.6 100 953 100 89.4 100 100 100 100 100 100
< 1,000,000
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FIG 1. Immunogenicity of MRNA-1273, BNT-162b2, and Ad26.COV2.S in CANVAX participants. (A) The quantitative
SARS-CoV-2 spike IgG/A/M antibody concentration (Roche Elecsys Anti-SARS-CoV-2 assay) in U/mL of serum for 762
CVX and 418 HCs* included for interpretation. Individual measures are grouped by antibody-confirmed prior infection
and vaccine. Total antispike (IgA/M/G) antibody concentrations > 2,500 U/mL triggered additional manual dilution (where
sample availability allowed) to yield titers up to 250,000 U/mL. An antibody cutoff index (COIl) > 0.8 was defined as
positive (dotted line). All assays were run blinded to clinical information. The number (continued on following page)
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FIG 1. (Continued). of donors, GMC in log1o U/mL, and proportion positive are shown above each group. (B) pNT50
(defined as the titer at which the serum achieves 50% neutralization of SARS-CoV-2 wild-type pseudovirus entry into ACE2-
expressing 293T cells) for 656 CVXs and 255 HCs and an additional 1,220 prepandemic controls (from Wilfredo Garcia-
Beltran et al'®) used in assay validation.2*® Briefly, lentiviral particles encoding both luciferase and ZsGreen reporter genes
were pseudotyped with SARS-CoV-2 spike protein (Wuhan strain) and produced in 293T cells, titered using ZsGreen
expression by flow cytometry and used in an automated neutralization assay with 50-250 infectious units of pseudovirus
coincubated with three-fold serial dilutions of serum for 1 hour. Neutralization was determined on 293T-ACE2 cells. A
horizontal dotted line is shown at a pNT50 titer of 27.6 equivalent to 20% of the convalescent titer that is predicted to be
associated with 50% protection.® The number of donors, GMT, proportion with titers > 20% of the absolute geometric mean
titer of convalescent healthy donors (which is 138) are shown above each group. (A and B) For each group, the horizontal line
denotes the GMC or GMT, and whiskers denote the 95% Cl. Corresponding statistical comparisons among CANVAX
participants are as shown in Table 2; comparisons between CANVAX and healthy controls are shown in the Data Supplement.
CANVAX, cancer, COVID, and vaccination; CVX, CANVAX patients; GMC, geometric mean concentration; GMT, geometric

mean titer; HC, healthy control; Ig, immunoglobulin; pNT50, pseudovirus neutralization titer 50.

We measured responses at a median of 20 (IQR, 16-27)
days after receipt of the additional vaccine. The frequency
of local side effects was 65% (largely pain at the site of
injection) and of systemic side effects was 50% (Fig 4). No
patient experienced any severe adverse or allergic reaction;
side effects were self-reported as mild or moderate in all
cases. Before receipt of the additional dose, the GMC was
1.05 log1o U/mL; 11 individuals had negative antibody ti-
ters. Antibody concentrations rose in 30 of 32 individuals,
but two participants (both patients with chronic lymphocytic
leukemia treated with obinutuzumab in the prior year)
remained seronegative (Fig 4). The GMC after vaccination
was 3.17 logyo U/mL, comparable with baseline immuno-
genicity among healthy (noncancer) recipients of mRNA-
1273 or BNT162b2 without prior infection. In an exploratory
analyses, the degree of titer increase appeared to vary
according to initial vaccine, additional dose, and whether the
additional dose was homologous to the initial vaccine (Data
Supplement). Neutralization titers rose similarly in the subset
of patients with available measures (Data Supplement).

DISCUSSION

We studied the immunogenicity and reactogenicity of
SARS-CoV-2 vaccines in a large, prospective cohort of
patients with diverse solid-organ and hematologic malig-
nancies. By assessing both binding antibodies and anti-
body neutralization, we found that responses to the three
vaccines deployed under EAU in the United States are
impaired modestly in patients with cancer relative to healthy
controls, and vary according to vaccine, age, cancer type,
and therapy. The frequency of local or systemic reactions in
patients with cancer were similar to rates reported in
healthy individuals,?* and systemic symptoms were more
common in patients with prior infection. Systemic reac-
togenicity was associated with the magnitude of immune
response. Furthermore, additional doses of vaccine among
patients with low responses had a favorable side-effect
profile and induced immune responses.

There are several noteworthy findings in this study. Con-
sistent with what has been previously observed in healthy

Journal of Clinical Oncology

controls,'® Ad26.COV2.S induced low responses, and few
patients had measurable neutralization. We found that
patients receiving chemotherapy in the prior year or bone-
marrow transplant recipients had lower immune responses,
but the magnitude of these effects were small (smaller than
that of the vaccine type for example) and most still had
neutralization titers predicted to be protective. Interestingly,
individuals receiving immune checkpoint blockade tended
to have enhanced neutralization. Although widely hy-
pothesized, this latter finding had not been previously re-
ported, to our knowledge. We speculate that this may be
because of enhanced CD4+ T-cell help leading to quali-
tatively improved B-cell activation, affinity maturation, and
antibody production. Similarly, although widely hypothe-
sized and assessed in small studies, the association be-
tween prior infection and reactogenicity, and between
systemic reactogenicity and immunogenicity, has not been
robustly assessed until now, yet is important for public
health messaging.

These data have several salient clinical implications.® Al-
though the exact correlate of protection has not been
determined, animal studies,?>?° randomized trials of pro-
phylactic neutralizing antibodies,?®?” and correlative
studies®’ suggest that neutralizing antibody titer and
binding antibody titers are a correlate of protection from
infection or severe disease. First, these data reinforce
public health messaging that SARS-CoV-2 vaccines are
safe—even in an oncology patient population. Side effects
to vaccines are mild or moderate and correlate with en-
hanced responses. Most individuals with cancer achieve
responses that are likely to be sufficient to protect against
severe disease.® Second, given differences in immune
responses based upon vaccine type (eg, 69% of patients
who received Ad26.COV2.S had undetectable neutraliza-
tion), our data suggest that where options exists, MRNA
vaccines be prioritized for patients with cancer. Moreover,
patients who received the Ad26.COV2.S vaccine should be
considered for additional vaccine doses. The higher im-
munogenicity of mMRNA1273 compared with BNT162b2
may plausibly be attributable to the higher administered
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FIG 2. Antispike immunoglobulin A/G/M antibody concentrations (top row) and neutralization titers following mRNA-1273 (left column), BNT-
162b2 (middle column), or Ad26.COV2.S (right column) according to cancer-directed therapies received in the preceding 12 months among
participants without prior infection (nucelocapsid antibody-negative). Horizontal line denotes the GMC or titer and whiskers denote the 95% ClI.
Corresponding adjusted statistical comparisons are provided in Table 2. GMC, geometric mean concentration; GMT, geometric mean titer; ICl,
immune checkpoint blockade; pNT50, pseudovirus neutralization titer 50; TT, targeted therapy.

dose of the former. Third, chemotherapy exposure significantly affect neutralization titers. Finally, additional

appeared to have a long-lasting, albeit modest, impact on
immunogenicity; larger studies may be required to un-
derstand whether holding chemotherapy around vacci-
nation affects immunogenicity. Fourth, corticosteroids
appeared to blunt binding antibody titers but did not

8 © 2021 by American Society of Clinical Oncology

booster vaccine doses appear well tolerated in patients with
cancer, as has been observed in solid-organ transplant
recipients,?®? and are capable of inducing immune re-
sponses comparable with those achieved by healthy in-
dividuals after the primary vaccine series (in patients not on

Downloaded from ascopubs.org by 132.183.13.85 on December 14, 2021 from 132.183.013.085
Copyright © 2021 American Society of Clinical Oncology. All rights reserved.



SARS-CoV-2 Vaccines in Patients With Cancer

_Q

Local symptoms

None Any None Any None Any

Systemic symptoms  None Any None Any None Any

Vaccine mRNA1273 BNT162b2  Ad26. Vaccine mRNA1273 BNT162b2  Ad26.
cova.s cova.s
10,000 H - - . -
1 ]
A R 10,000 e o e
t . o ° 1Y . .
‘ L3
§ : i ° : =} ] §
B : 2 S
= ° = . o
S 1,000 o . = -
C , ‘ £ 1000 ¢
(5] ° —
= . [ I ;
- . =
[t < ‘ [ g
=
e =
3 } ] - ° = !
- N
© 1 =
e 100 & 3 = 1004 4
=] $ = .
é} o ‘ =1 { .
[0}
=2 . t
L] ‘ t
[
‘ °
- fms e
10 T T T T T T 10 T T T T T T

Local symptoms  None Any None Any None An
L

Systemic symptoms None Any None Any None An

Vaccine

mRNA1273 BNT162b2

Ad26. Vaccine  mRNA1273 BNT162b2 Ad26.

S Q S
Q o N 2
moo & 50‘}, eq,"oqu-‘ bb%
& Q> éb°& S S
A e B &P o
mRNA1273 [l W mRNA1273 [ W W
BNT162b2 [l W W BNT162b2 |l | W
100 - Ad26.cOV2.S W 100 Ad26.COV2.S Wl
= 80 = 80
& &
2 60 = 60
2 z
(=2 40 + o 40
<1} @
i i
20 20 1
0 - 0 -
All Local Pain Erythema Swelling All Fatigue Headache  Myalgia Chills Fever Nausea
Systemic
1,000,000 1,000,000
° .
= 100,000 4 . . = 100,000 o e
E ° E L]
= ° .
2 3 . L 4 s 3 [ ;
= 10,000 A ® i . = 10,000 A . °
S .. S . .
© S . © ™
= 1,000 4 - = 1,000 .
= #o oo = -
[«}) o °, ]
& 1004 2 5 100 $
(&) g . o . ¢ ‘g
> H *  °° > 3 .
g 0] ¢} : _’}, g 3 04 8 ¢ * 3
2 s 4 ] 2 A | o
= H L] =] i '
= [ . ] . 1S 1 o
<< 1 - R LT A : ...... .~ < THe SO AT A B
- L) e & wne o - - & @ s )
01 T T T T T T 01 T T T T T T

cova.s

cova.s
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or titer and whiskers denote the 95% CIl. pNT50, pseudovirus neutralization titer 50.
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B-cell-depleting agents). Collectively, these data suggest
that antibody testing may help identify individuals who may
be candidates for additional doses of vaccine.

This study has some important limitations. (1) Measures of
immune response serve as a surrogate measure of pro-
tection, and the ultimate outcome of interest is whether
patients develop breakthrough SARS-CoV-2 infection, and
the severity thereof. (2) We assessed neutralization of the
original Wuhan strain of SARS-CoV-2 but the beta, gamma,
and delta viral variants show several-fold lower neutrali-
zation in other studies.'®% (3) Although prospectively
assessed, we cannot exclude unmeasured confounding
explaining differences in immunogenicity between patient
groups. (4) We report baseline vaccine response here;
assessment of responses at additional timepoints will allow

10 © 2021 by American Society of Clinical Oncology

for more robust estimation of antibody decay rates. (5) We
enrolled few patients receiving B-cell-depleting agents, in
whom other studies have demonstrated low responses.'3°
(6) We did not assess T-cell responses whose role remains
unclear in preventing infection. (7) The number of patients
who recieved additional doses was small, thus limiting
study of the correlates of response. Further studies to
address these limitations are needed.

In summary, SARS-CoV-2 vaccines are well tolerated in
patients with cancer, and most recipients achieve re-
sponses that are likely to be associated with protection. We
define how receipt of specific vaccines or some therapies
may impair responses. Studies on the effectiveness of
vaccines in preventing breakthrough infection and the
potential benefit of additional vaccine doses are required.

Downloaded from ascopubs.org by 132.183.13.85 on December 14, 2021 from 132.183.013.085
Copyright © 2021 American Society of Clinical Oncology. All rights reserved.



SARS-CoV-2 Vaccines in Patients With Cancer

AFFILIATIONS

!Massachusetts General Hospital Cancer Center, Division of Hematology/
Oncology, Department of Medicine, Massachusetts General Hospital,
Boston, MA

2Dana-Farber Cancer Institute, Boston, MA

3Center for the AIDS Programme of Research in South Africa, Durban,
South Africa

“Salem Hospital, Salem, MA

5Ragon Institute of MGH, MIT and Harvard, Cambridge, MA

Division of Rheumatology, Allergy and Immunology, Department of
Medicine, Massachusetts General Hospital, Boston, MA

’Division of Hematology, Brigham and Women’s Hospital, Boston, MA
8Department of Radiation Oncology, Massachusetts General Hospital,
Boston, MA

°Department of Pathology, Massachusetts General Hospital, Boston, MA
1%Djvision of Infectious Diseases, Department of Medicine,
Massachusetts General Hospital, Boston, MA

CORRESPONDING AUTHOR

Justin F. Gainor, MD, Massachusetts General Hospital Cancer Center, 55
Fruit St, Boston, MA 02114; e-mail: jgainor@partners.org.

SUPPORT

Supported by Lambertus Family Foundation; Donald Glazer Fund. A.J.1.
and this study were supported by the Lambertus Family Foundation.
A.B.B. was supported by the National Institutes for Drug Abuse (NIDA)
Avenir New Innovator Award DP2DA040254, the MGH Transformative
Scholars Program (also supports K.B.) as well as funding from the Charles
H. Hood Foundation.

AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS OF
INTEREST

Disclosures provided by the authors are available with this article at DOI
https://doi.org/10.1200/JC0.21.01891.

AUTHOR CONTRIBUTIONS

Conception and design: Vivek Naranbhai, Kerri J. St Denis, Jocelyn R.
Farmer, Mustafa Sakhi, Kerry Reynolds, Ryan J. Sullivan, Yi-Bin Chen,
Aditya Bardia, A. John lafrate, Justin F. Gainor

Financial support: A. John lafrate, Justin F. Gainor

Administrative support: Claire A. Pernat, Grace Hambelton, Christian N.
Nambu, Kimberly Blumenthal, A. John lafrate, Justin F. Gainor
Provision of study materials or patients: All authors

Collection and assembly of data: Vivek Naranbhai, Claire A. Pernat,
Alexander Gavralidis, Kerri J. St Denis, Evan C. Lam, Laura M. Spring,
Steven J. Isakoff, Jocelyn R. Farmer, Leyre Zubiri, Andrew M. Brunner,
Amir T. Fathi, Jennifer L. Peterson, Mustafa Sakhi, Grace Hambelton,
Elyssa N. Denault, Lindsey J. Mortensen, Lailoo A. Perriello, Marissa N.
Bruno, Brittany Y. Bertaux, Aleigha R. Lawless, Monica A. Jackson,
Elizabeth Niehoff, Caroline Barabell, Christian N. Nambu, Erika
Nakajima, Trenton Reinicke, Cynthia Bowes, Cristhian J. Berrios-
Mairena, Onosereme Ofoman, Grace E. Kirkpatrick, Julia C. Thierauf,
Kerry Reynolds, Henning Willers, Anand S. Dighe, Rebecca Saff,
Kimberly Blumenthal, Yi-Bin Chen, Aditya Bardia, Alejandro B. Balazs,
A. John lafrate, Justin F. Gainor

Data analysis and interpretation: Vivek Naranbhai, Alexander Gavralidis,
Kerri J. St Denis, Evan C. Lam, Laura M. Spring, Steven J. Isakoff,
Gabriela S. Hobbs, Joan How, Andrew M. Brunner, Amir T. Fathi, Mustafa
Sakhi, Cynthia Bowes, Henning Willers, Wilfredo-Garcia Beltran,
Rebecca Saff, Kimberly Blumenthal, Ryan J. Sullivan, Yi-Bin Chen,
Arthur Kim, Aditya Bardia, Alejandro B. Balazs, A. John lafrate, Justin F.
Gainor

Manuscript writing: All authors

Final approval of manuscript: All authors

Accountable for all aspects of the work: All authors

ACKNOWLEDGMENT

The authors thank Donald Glazer, JD, for helpful comments on this
manuscript and for support of the CANVAX study. They thank Andrea
Nixon and the MGH Core laboratory for assistance in performing assays.
They wish to thank Michael Farzan, PhD, for providing ACE2-expressing
293T cells.

REFERENCES

1. Kuderer NM, Choueiri TK, Shah DP, et al: Clinical impact of COVID-19 on patients with cancer (CCC19): A cohort study. Lancet 395:1907-1918, 2020
2. Bakouny Z, Hawley JE, Choueiri TK, et al: COVID-19 and cancer: Current challenges and perspectives. Cancer Cell 38:629-646, 2020

3. Baden LR, el Sahly HM, Essink B, et al: Efficacy and safety of the mRNA-1273 SARS-CoV-2 vaccine. N Engl J Med 384:403-416, 2021

4.  Polack FP, Thomas SJ, Kitchin N, et al: Safety and efficacy of the BNT162b2 mRNA Covid-19 vaccine. N Engl J Med 383:2603-2615, 2020

5. Sadoff J, Gray G, Vandebosch A, et al: Safety and efficacy of single-dose Ad26.COV2.S vaccine against covid-19. N Engl J Med 384:2187-2201, 2021
6.  Khoury DS, Cromer D, Reynaldi A, et al: Neutralizing antibody levels are highly predictive of immune protection from symptomatic SARS-CoV-2 infection. Nat

Med 27:1205-1211, 2021

7. Earle KA, Ambrosino DM, Fiore-Gartland A, et al: Evidence for antibody as a protective correlate for COVID-19 vaccines. Vaccine 39:4423-4428, 2021

8. Annual report to the nation on the status of cancer. https://seer.cancer.gov/report_to_nation/

9. Monin L, Laing AG, Mufioz-Ruiz M, et al: Safety and immunogenicity of one versus two doses of the COVID-19 vaccine BNT162b2 for patients with cancer:
Interim analysis of a prospective observational study. Lancet Oncol 22:765-778, 2021

10. Addeo A, Shah PK, Bordry N, et al: Immunogenicity of SARS-CoV-2 messenger RNA vaccines in patients with cancer. Cancer Cell 39:1091-1098.e2, 2021

11. Thakkar A, Gonzalez-Lugo JD, Goradia N, et al: Seroconversion rates following COVID-19 vaccination among patients with cancer. Cancer Cell 39:
1081-1090.e2, 2021

12. Barriere J, Chamorey E, Adjtoutah Z, et al: Impaired immunogenicity of BNT162b2 anti-SARS-CoV-2 vaccine in patients treated for solid tumors. Ann Oncol 32:
1053-1055, 2021

13. Terpos E, Trougakos IP, Gavriatopoulou M, et al: Low neutralizing antibody responses against SARS-CoV-2 in older patients with myeloma after the first
BNT162b2 vaccine dose. Blood 137:3674-3676, 2021

14. Bird S, Panopoulou A, Shea RL, et al: Response to first vaccination against SARS-CoV-2 in patients with multiple myeloma. Lancet Haematol 8:e389-e392,
2021

15. Agha M, Blake M, Chilleo C, et al: Suboptimal response to COVID-19 mRNA vaccines in hematologic malignancies patients. medRxiv, 2021
2021.04.06.21254949

16. Massarweh A, Eliakim-Raz N, Stemmer A, et al: Evaluation of seropositivity following BNT162b2 messenger RNA vaccination for SARS-CoV-2 in patients
undergoing treatment for cancer. JAMA Oncol 7:1133-1140, 2021

Journal of Clinical Oncology 1

Downloaded from ascopubs.org by 132.183.13.85 on December 14, 2021 from 132.183.013.085
Copyright © 2021 American Society of Clinical Oncology. All rights reserved.


mailto:jgainor@partners.org
https://ascopubs.org/doi/full/10.1200/JCO.21.01891
https://seer.cancer.gov/report_to_nation/
https://dx.doi.org/2021.04.06.21254949

17.

18.

19.

20.
21.

22.

23.
24.
25.

26.

27.

28.

29.
30.

Naranbhai et al

Goshen-Lago T, Waldhorn |, Holland R, et al: Serologic status and toxic effects of the SARS-CoV-2 BNT162b2 vaccine in patients undergoing treatment for
cancer. JAMA Oncol 7:1507-1513, 2021

Wilfredo Garcia-Beltran AF, Lam EC, St Denis K, et al: Article multiple SARS-CoV-2 variants escape neutralization by vaccine-induced humoral immunity. Cell
184:2372-2383.e9, 2021

Naranbhai V, Garcia-Beltran WF, Mairena CB, et al: Immunogenicity of mRNA-1273, BNT162b2 and Ad26.COV2.S COVID-19 vaccines. medRxiv, 2021
2021.07.18.21260732

Garcia-Beltran WF, Lam EC, Astudillo MG, et al: COVID-19-neutralizing antibodies predict disease severity and survival. Cell 184:476-488.e11, 2021

Krammer F, Srivastava K, Alshammary H, et al: Antibody responses in seropositive persons after a single dose of SARS-CoV-2 mRNA vaccine. N Engl J Med 384:
1372-1374, 2021

Corbett KS, Nason MC, Flach B, et al: Immune correlates of protection by mRNA-1273 vaccine against SARS-CoV-2 in nonhuman primates. Science 373:
eabj0299, 2021

McMahan K, Yu J, Mercado NB, et al: Correlates of protection against SARS-CoV-2 in rhesus macaques. Nature 590:630-634, 2021
Chapin-Bardales J, Gee J, Myers T: Reactogenicity following receipt of mRNA-based COVID-19 vaccines. JAMA 325:2201-2202, 2021

Rogers TF, Zhao F, Huang D, et al: Isolation of potent SARS-CoV-2 neutralizing antibodies and protection from disease in a small animal model. Science 369:
956-963, 2020

Cohen MS, Nirula A, Mulligan MJ, et al: Effect of bamlanivimab vs placebo on incidence of COVID-19 among residents and staff of skilled nursing and assisted
living facilities. JAMA 326:46-55, 2021

Phase 3 Prevention Trial Showed 81% Reduced Risk of Symptomatic SARS-CoV-2 Infections with Subcutaneous Administration of REGEN-COV™ (Casirivimab
With Imdevimab). Regeneron Pharmaceuticals. https:/investor.regeneron.com/news-releases/news-release-details/phase-3-prevention-trial-showed-81-re-
duced-risk-symptomatic-sars

Werbel WA, Boyarsky BJ, Ou MT, et al: Safety and immunogenicity of a third dose of SARS-CoV-2 vaccine in solid organ transplant recipients: A case series. Ann
Intern Med 174:1330-1332, 2021

Kamar N, Abravanel F, Marion O, et al: Three doses of an mRNA Covid-19 vaccine in solid-organ transplant recipients. N Engl J Med 385:661-662, 2021

Tada T, Zhou H, Samanovic MI, et al: Comparison of neutralizing antibody titers elicited by mRNA and adenoviral vector vaccine against SARS-CoV-2 variants.
bioRxiv, 2021 2021.07.19.452771

12 © 2021 by American Society of Clinical Oncology

Downloaded from ascopubs.org by 132.183.13.85 on December 14, 2021 from 132.183.013.085
Copyright © 2021 American Society of Clinical Oncology. All rights reserved.


https://dx.doi.org/2021.07.18.21260732
https://investor.regeneron.com/news-releases/news-release-details/phase-3-prevention-trial-showed-81-reduced-risk-symptomatic-sars
https://investor.regeneron.com/news-releases/news-release-details/phase-3-prevention-trial-showed-81-reduced-risk-symptomatic-sars
https://dx.doi.org/2021.07.19.452771

SARS-CoV-2 Vaccines in Patients With Cancer

AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS OF INTEREST

Immunogenicity and Reactogenicity of SARS-CoV-2 Vaccines in Patients With Cancer: The CANVAX Cohort Study

The following represents disclosure information provided by authors of this manuscript. All relationships are considered compensated unless otherwise noted.
Relationships are self-held unless noted. | = Immediate Family Member, Inst = My Institution. Relationships may not relate to the subject matter of this manuscript.
For more information about ASCO’s conflict of interest policy, please refer to www.asco.org/rwc or ascopubs.org/jco/authors/author-center.

Open Payments is a public database containing information reported by companies about payments made to US-licensed physicians (Open Payments).

Laura M. Spring

Consulting or Advisory Role: Novartis, Avrobio
Research Funding: Tesaro (Inst), Merck (Inst)
Travel, Accommodations, Expenses: Merck, Tesaro

Steven J. Isakoff

Consulting or Advisory Role: AbbVie, OncoPep, Puma Biotechnology, Seattle
Genetics, Novartis, Paxman Coolers Ltd

Research Funding: Genentech (Inst), PharmaMar (Inst), AbbVie (Inst),
OncoPep (Inst), Merck (Inst), AstraZeneca/Medimmune (Inst), Outcomes4Me
(Inst)

Jocelyn R. Farmer
Consulting or Advisory Role: Bristol Myers Squibb Foundation
Research Funding: Bristol Myers Squibb Foundation

Leyre Zubiri
Consulting or Advisory Role: Merck

Gabriela S. Hobbs

Consulting or Advisory Role: Incyte, AbbVie, Novatis, Blueprint Medicines,
Keros Therapeutics

Research Funding: Incyte, Constellation Pharmaceuticals

Andrew M. Brunner

Consulting or Advisory Role: Celgene, Novartis, Takeda, Agios, Bristol Myers
Squibb/Celgene, Acceleron Pharma

Research Funding: Celgene, Takeda, Novartis, GlaxoSmithKline, AstraZeneca

Amir T. Fathi

Consulting or Advisory Role: Agios, Novartis, Takeda, Astellas Pharma, Daiichi
Sankyo, Bristol Myers Squibb, Forty Seven, AbbVie, Kite, a Gilead Company,
Trovagene, Pfizer, Seattle Genetics, Amgen, Trillium Therapeutics, Blueprint
Medicines, Kura Oncology, Foghorn Therapeutics, Genentech, Ipsen,
MorphoSys, Servier

Research Funding: Takeda (Inst), Agios (Inst), Bristol Myers Squibb (Inst),
AbbVie (Inst), Servier (Inst)

Brittany Y. Bertaux
Employment: Partners (1)

Elizabeth Niehoff
Stock and Other Ownership Interests: Biogen Inc, Blueprint Medicines, Crispr
Therapeutics, InVitae, LabCorp, Natera Inc, Pacific Biosciences

Christian N. Nambu

Employment: Massachusetts General Hospital Cancer Center, AFC Urgent Care
(1)

Stock and Other Ownership Interests: Moderna Therapeutics

Onosereme Ofoman
Employment: Massachusetts General Hospital

Kerry Reynolds

Employment: Teladoc

Stock and Other Ownership Interests: Biogen (1)
Other Relationship: Project DataSphere

Henning Willers
Research Funding: Apple Inc

Wilfredo-Garcia Beltran
Patents, Royalties, Other Intellectual Property: European Patent—New therapy
for treating graft-versus-host disease (EP3575320A1)

Journal of Clinical Oncology

Kimberly Blumenthal

Leadership: Novocardia (1)

Stock and Other Ownership Interests: Devoted Health (1), Novocardia (1)
Honoraria: UpToDate, GA2LEN ANACARE

Research Funding: National Institute of Health (NIH)—KO01AI125631,
Massachusetts General Hospital, Transformative Scholar Award

Ryan J. Sullivan

Consulting or Advisory Role: Novartis, Merck, Replimune, Asana Biosciences,
Alkermes, Eisai, Pfizer, lovance Biotherapeutics, OncoSec, AstraZeneca, Bristol
Myers Squibb

Research Funding: Amgen (Inst), Lilly (Inst), BioMed Valley Discoveries (Inst),
Merck (Inst), Deciphera (Inst), Roche/Genentech (Inst), Moderna Therapeutics
(Inst), Sanofi (Inst), Aeglea Biotherapeutics (Inst), Asana Biosciences (Inst),
Viralytics (Inst), Compugen (Inst), Neon Therapeutics (Inst), Pfizer (Inst),
BeiGene (Inst), Rubius Therapeutics (Inst), Strategia (Inst)

Yi-Bin Chen
Consulting or Advisory Role: Magenta Therapeutics, Incyte, Kiadis Pharma,
AbbVie, Equillium, Daiichi Sankyo/Lilly, Celularity, Actinium Pharmaceuticals

Arthur Kim
Consulting or Advisory Role: Kintor Pharmaceutical
Patents, Royalties, Other Intellectual Property: Uptodate, Chapter Royalties

Aditya Bardia

Consulting or Advisory Role: Novartis (Inst), Genentech, Pfizer (Inst), Spectrum
Pharmaceuticals, bioTheranostics, Merck, Radius Health (Inst), Immunomedics
(Inst), Genentech/Roche (Inst), Innocrin Pharma (Inst), Sanofi, Puma
Biotechnology, Daiichi Sankyo/Astra Zeneca, Foundation Medicine, Philips
Research Funding: Genentech (Inst), Novartis (Inst), Pfizer (Inst), Merck (Inst),
Sanofi (Inst), Radius Health (Inst), Immunomedics (Inst), AstraZeneca/Daiichi
Sankyo (Inst)

Open Payments Link: https://openpaymentsdata.cms.gov/physician/523675

A. John lafrate

Stock and Other Ownership Interests: Archer Biosciences

Consulting or Advisory Role: Repare Therapeutics, Kinnate Biopharma,
Oncoclinicas Brasil, PAIGE.AI

Patents, Royalties, Other Intellectual Property: ArcherDx exclusive license to
AMP technology

Justin F. Gainor

This author is a member of the JCO Editorial Board. Journal policy recused the
author from having any role in the peer review of this manuscript.
Employment: Ironwood Pharmaceuticals (1)

Stock and Other Ownership Interests: Ironwood Pharmaceuticals (1)
Honoraria: Merck, Incyte, ARIAD, Novartis, Pfizer, Takeda

Consulting or Advisory Role: Genentech, Bristol Myers Squibb, Theravance,
Loxo, Takeda, Array BioPharma, Amgen, Merck, Agios, Regeneron, Oncorus,
Jounce Therapeutics, Blueprint Medicines, Gilead Sciences, Lilly, Moderna
Therapeutics

Research Funding: Genentech, ARIAD, Merck, Novartis, Bristol Myers Squibb,
Adaptimmune, AstraZeneca, Jounce Therapeutics, Blueprint Medicines,
Moderna Therapeutics, Tesaro, Alexo Therapeutics, Array BioPharma

No other potential conflicts of interest were reported.

Downloaded from ascopubs.org by 132.183.13.85 on December 14, 2021 from 132.183.013.085
Copyright © 2021 American Society of Clinical Oncology. All rights reserved.


http://www.asco.org/rwc
http://ascopubs.org/jco/authors/author-center
https://openpaymentsdata.cms.gov/
https://openpaymentsdata.cms.gov/physician/523675

	Immunogenicity and Reactogenicity of SARS-CoV-2 Vaccines in Patients With Cancer: The CANVAX Cohort Study
	INTRODUCTION
	METHODS
	Study Design, Eligibility, and Study Procedures
	Antibody Assays
	Assessment of Neutralization
	Study End Point and Statistical Analysis

	RESULTS
	Patient Characteristics
	Prevalence of Antibody-Confirmed Prior SARS-CoV-2 Infection
	Immunogenicity of SARS-CoV-2 Vaccines
	Vaccine type and prior infection
	Therapy and cancer types
	Age and time of sampling
	Correlates of low neutralization

	Reactogenicity of SARS-CoV-2 Vaccines in Patients With Cancer
	Association Between Reactogenicity and Immunogenicity of SARS-CoV-2 Vaccines
	Responses to Additional Vaccine Doses

	DISCUSSION
	REFERENCES
	jcojcoJCOJournal of Clinical Oncology0732-183XWolters Kluwer HealthJCO.21.0189110.1200/JCO.21.01891Rapid CommunicationsTran ...


