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SUMMARY
Patientswithcancer experienceahigherburdenofSARS-CoV-2 infection, diseaseseverity, complications, and
mortality, than the general population. SARS-CoV-2mRNA vaccines are highly effective in the general popula-
tion; however, few data are available on their efficacy in patients with cancer. Using a prospective cohort, we
assessed the seroconversion rates and anti-SARS-CoV-2 spike protein antibody titers following the first and
second dose of BNT162b2 and mRNA-1273 SARS-CoV-2 vaccines in patients with cancer in US and Europe
from January to April 2021. Among 131 patients, most (94%) achieved seroconversion after receipt of two vac-
cine doses. Seroconversion rates and antibody titers in patients with hematological malignancy were signifi-
cantly lower than those with solid tumors. None of the patients with history of anti-CD-20 antibody in the
6monthsbeforevaccinationdevelopedantibody response.Antibody titerswerehighest for clinical surveillance
or endocrine therapy groups and lowest for cytotoxic chemotherapy or monoclonal antibody groups.
INTRODUCTION

The novel coronavirus disease 2019 (COVID-19) pandemic has

spread throughout the world with over 161 million confirmed

cases globally and more than 3 million deaths as of May 2021

(https://covid19.who.int/). Unprecedented global effort has

been made to develop different SARS-CoV-2 vaccines using

technologies based on messenger RNA (mRNA), synthetic long

viral peptides, plasmid DNA, and inactivated, attenuated, or

genetically modified viruses, including BNT162b2 (Pfizer-

BioNTech) (Polack et al., 2020), mRNA-1273 (Moderna) (Baden

et al., 2020), AZD1222 (Oxford/AstraZeneca) (Voysey et al.,

2021), Ad26.COV2.S (Johnson & Jonhson) (Sadoff et al., 2021),

Sputnik V (Gamaleya) (Logunov et al., 2021), and BBIBP-CorV

(Sinopharm) (Xia et al., 2021)). Efficacy ranges between 60%

and 94% with excellent safety profile in the general population.

However, scarce experimental data about safety and efficacy

of vaccine have been reported on patients with cancer, as those

on active therapy were excluded fromSARS-CoV-2 vaccine clin-

ical trials (Friese et al., 2021).

Compared with the general population, patients with cancer

are more likely to be at high risk of serious COVID-19-related
Ca
complications and mortality (Bakouny et al., 2020; Grivas et al.,

2021; Kuderer et al., 2020), hence having information about effi-

cacy of vaccine and optimal timing in relation to anti-cancer ther-

apy to promote an effective immunity in this population remains

crucial.

Here, we report results from an international collaborative

prospective cohort study assessing short-term humoral

immune response (seroconversion rates and antibody titers) by

measuring anti-SARS-CoV-2 spike protein (S) immunoglobulin

G (IgG) antibody titer as a surrogate after two doses of mRNA

vaccines (mRNA-1273 and BNT162b2) in two different cohorts

of patients with solid and hematological malignancies. To put

our study findings in the context of the existing literature, we

also present data from available studies (published or pre-print)

examining anti-S IgG antibody response rates in patients with

cancer who received SARS-CoV-2 vaccines.

RESULTS

Study cohort
We enrolled a total of 140 patients with cancer who received

either BNT162b2 or mRNA-1273 vaccine at one of the enrolling
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mailto:alfredo.addeo@hcuge.ch
mailto:shahdp@uthscsa.edu
https://doi.org/10.1016/j.ccell.2021.06.009
https://covid19.who.int/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ccell.2021.06.009&domain=pdf


Table 1. Clinical characteristics of the study cohort

N 131

Age, years, median (IQR) 63 (55–69)

Sex

Male 72 (55%)

Female 59 (45%)

Race

Non-Hispanic white 105 (80%)

Hispanic 23 (18%)

Black 3 (2%)

Type of malignancy

Solid malignancies 106 (81%)

Breast 27

Urological 20

Gynecological 3

Skin cancersa 7

Thoracic malignancy 18

Gastrointestinal 16

Head and neck cancer 3

Brain 8

Connective tissue 4

Hematological malignancies 25 (19%)

Acute lymphoblastic leukemia 1

Chronic myeloid leukemia 1

Chronic lymphocytic leukemia 1

Diffuse large B cell lymphoma 6

Follicular lymphoma 2

MALT lymphoma 2

T cell lymphoma/mycosis

fungoides

2

Hodgkin’s lymphoma 4

Polycythemia vera 1

Myeloma 5

Type of anti-cancer treatmentb

(within 6 months before vaccination)

Clinical surveillance 49 (37%)

Cytotoxic chemotherapy 30 (23%)

Immunotherapy 14 (11%)

Endocrine therapy 19 (15%)

Anti-CD-20 antibody 4 (3%)

Anti-CD-38 antibody 1 (1%)

Anti-HER antibody 2 (2%)

Anti-VEGF antibody 6 (5%)

RANKL antibody 4 (3%)

Kinase inhibitor 15 (11%)

Unknownc 1 (1%)

SARS-CoV-2 vaccine

BNT162b2 38 (29%)

mRNA-1273 93 (71%)

Days between first vaccine dose and

final outcome measurement, median

(range)

50 (49–55)

Table 1. Continued

Days between second vaccine dose and

final outcome measurement, median (range)

24 (22–24)

aSix melanoma, one Merkel cell.
bTwelve patients received more than one anti-cancer treatment.
cPatient enrolled in a double-blinded placebo-controlled trial.
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sites. Among these patients, 131 were SARS-CoV-2 naive as

determined by a negative anti-SARS-CoV-2 nucleocapsid (N)

protein IgG test at baseline, and thus included in the immunoge-

nicity analysis. Study cohort characteristics are listed in Table 1.

The median follow-up time was 50 (interquartile range [IQR]: 49–

55) days, which is equivalent to 22 (22–24) days after receipt of a

second vaccine dose. The median (IQR) age at vaccination was

63 (55–69) years and the racial/ethnic distribution of patients

was: non-Hispanic white (80%), Hispanic (18%), and black

(2%). There was an almost equal proportion of males (55%)

and females (45%) at both sites. Most malignancies were solid

tumors (81%), with breast (33%) and urological (19%) cancer

being the most common solid tumor types. Twenty-five (19%)

patients had hematological malignancy. Approximately, one-

third did not receive anti-cancer therapy within 6 months before

COVD-19 vaccination. The most common anti-cancer therapy

received by this cohort of patients was cytotoxic chemotherapy

(23%), followed by endocrine therapy (15%), monoclonal anti-

body therapy (13%), kinase inhibitor therapy (11%), and immu-

notherapy (11%).

Serological outcomes
Overall, a high rate of seroconversion (anti-S IgG) (94%) was

observed in our cohort of patients with cancer who received

complete mRNA vaccination series. Seroconversion rate at

time point 1 (after the first vaccine dose) was significantly lower

compared with time point 2 (after the second vaccine dose), p <

0.001 (Figure 1). The seroconversion rates and antibody titers

were significantly lower after the first vaccine dose compared

with those after the second dose in all subgroups (Table 2). Anti-

body titers were significantly higher in females compared with

males, but no other significant differences in seroconversion

rates by age, sex, or race were noted. We did not observe statis-

tically significant difference between the seroconversion rates

(93% versus 95%, p = 0.678) and antibody titers (median, IQR:

1,232 [258–2,500] versus 2,500 [442–2,500], p = 0.254) after

completion of vaccination series between BNT162b2 and

mRNA-1273 vaccines, respectively (Figure S1).

Patients with hematological malignancy had significantly

lower rates of seroconversion (77% versus 98%, p = 0.002)

and antibody titers (median, IQR: 832 [24––2,500] versus >

2,500 [514–2,500], p = 0.029) at time point 2 compared with

those with solid tumors (Figure 2). Significant difference in anti-

body responsewas noted between the various anti-cancer treat-

ment modalities (Figure 3). Patients receiving no therapy (i.e.,

clinical surveillance) or endocrine therapy had the best out-

comes, with high seroconversion rates (98%–100%) and excel-

lent median antibody titer (>2,500 U/mL), which was the upper

limit of titer detection after completing vaccination series.

Compared with those on clinical surveillance (median, IQR:

152 [2–2,500]), significantly lower levels of antibody titer were
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Figure 1. Differences in anti-SARS-CoV-2 S (anti-S) IgG titers

following partial and complete vaccination

Anti-S antibody titers (U/mL) were significantly lower at time point 1 (post first

vaccination dose) compared with time point 2 (post second vaccination dose).

Number of patient samples assessed at time point 1 (121) and time point 2

(123). Boxplot showing median (horizontal bar), the 25th and 75th quartiles,

and the error bars depicting largest and smallest values. Differences were

assessed by Kruskal-Wallis test.
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observed for those who received cytotoxic chemotherapy (611

[160–1,956], p = 0.019) and monoclonal antibody therapy (152

[2–2,500], p = 0.029) within 6 months before first vaccine dose

(Table 2). None of the four patients receiving anti-CD-20 anti-

body showed seroconversion.

Trajectories of anti-S IgG for individual patients over the study

time showed a drastic increase in antibody titers from partial to

complete vaccination (Figure S2). None of the patients on the

study tested positive for anti-N IgG while on the study, so no

breakthrough SARS-CoV-2 infections during the study time

period were noted in this cohort.

Patients without antibody response after two
vaccine doses
A total of seven patients (6%) did not develop any antibodies at

time point 2 after completing two doses of mRNA vaccines. A

disproportionately higher proportion of the patients with no anti-

body response had hematological malignancy (5/7 [71%]) and all

but one patient (6/7 [86%]) with non-response were either on

cytotoxic chemotherapy or rituximab therapy within 6 months

before vaccination.

Antibody response in patients with prior SARS-CoV-2
exposure
We examined antibody response after the first and second

doses of vaccines in the subset of patients with prior SARS-

CoV-2 infection who were excluded from the overall vaccine

immunogenicity analysis (Table S1). Of these nine patients, six
had received mRNA-1273 and three had received BNT-162b2.

Most of the patients were older than 55 years (median, IQR: 56

years [56–69 years]), were female (67%), non-Hispanic white

(78%), and had solid tumors (67%). We observed that pre-vacci-

nation anti-S titer was low (132 [55–389]) in these patients

but showed robust response after the first dose (2,238 [696–

2,500]) and second dose (2,500 [1,376–2,500]), although statisti-

cal testing was not performed due to the small numbers

(Figure S3).

DISCUSSION

We present results of an international collaborative prospective

cohort study at two cancer centers in the US and Switzerland

assessing the humoral immune response using anti-S IgG as

a surrogate in patients with solid and hematological malig-

nancies who received mRNA vaccines. Although the serocon-

version rates were low at 3–4 weeks after the first dose, the

seroconversion rate was consistently high (94%) in the overall

cohort at 3–4 weeks after receiving the second dose of the

mRNA vaccine. Patients with hematological malignancy had

significantly reduced humoral response compared with those

with solid tumors. In fact, a subset of patients (e.g., those

receiving anti-CD-20 antibody) did not develop any antibody

response even after receiving two doses. In a small subset of

patients with previous SARS-CoV-2 exposure, we also noted

an increase in anti-S IgG antibody level from pre-vaccination

to post-vaccination.

Given the high pressure posed by the pandemic and by evi-

dence that patients with cancers are highly vulnerable to

COVID-19 (Kuderer et al., 2020; Wang et al., 2021; Westblade

et al., 2020), widespread vaccination campaign of patients

with cancer has quickly taken off across the globe. While this

strategy should be praised and promoted, little is known on

the efficacy of vaccines in patients with cancer and about the

impact that their anti-cancer treatments might have on the vac-

cine efficacy. Limited data on the level of seroconversion in pa-

tients with cancer after COVID-19 vaccination is summarized in

Table 3. Notably the anti-S IgG seroconversion rates were lower

or less pronounced in patients with hematological conditions, in

particular in patients treated with highly immune suppressive

therapy, such as stem cell transplantation, anti-CD20 therapy,

or chimeric antigen receptor-T cell therapy (Thakkar et al.,

2021b). Small cohort studies have reported low seroconversion

rates after a single dose of mRNA vaccination in the UK and

France or while examining specific groups of immunocompro-

mised patients (e.g., chronic lymphocytic leukemia, multiple

myeloma) (Barrière et al., 2021; Monin et al., 2021). Within our

cohort of 131 patients, the overall seropositivity rate was 81%

after the first dose and up to 94% at 3–4 weeks after the second

dose. No difference in seroconversion rates between the two

vaccines were noted. Although not significant, there was a trend

in higher antibody titers following mRN-1273 compared with

BNT162b2, but this could be due to small sample size. Howev-

er, the seroconversion rate was numerically lower in patients

with hematological malignancy, 72% after partial vaccination

and up to 77% after complete vaccination. None of the patients

receiving anti-CD-20 therapy (0%, 4/4) produced any anti-S IgG

antibodies despite receiving two doses of vaccine. Other
Cancer Cell 39, 1091–1098, August 9, 2021 1093



Table 2. Serological outcomes after SARS-CoV-2 mRNA vaccination

Seropositive Titer (U/mL)

Time point 1 Time point 2 Time point 1 Time point 2

n (%) p value n (%) p value Median (IQR) p value Median (IQR) p value

Overall 98/121 (81%) 116/123 (94%) 0.002a,b 32 (2–105) 2,500 (438–2,500) <0.001a,b

mRNA vaccine

BNT162b2 24/29 (83%) 1 28/30 (93%) 0.678 29 (2–103) 0.668 1,232 (258–2,500) 0.254

mRNA-1273 74/92 (80%) 88/93 (95%) 34 (3–106) 2,500 (442–2,500)

Age, years

Younger than 65 54/64 (84%) 0.359 64/66 (97%) 0.248 34 (3–118) 0.479 2,500 (506–2,500) 0.254

65 and older 44/57 (77%) 52/57 (91%) 31 (1–96) 2,177 (401–2,500)

Sex

Male 53/69 (77%) 0.243 64/69 (93%) 0.465 18 (1–74) 0.09 1,762 (364–2,500) 0.048b

Female 45/52 (87%) 52/54 (96%) 44 (8–148) 2,500 (840–2,500)

Race/ethnicity

Non-Hispanic white 79/100 (79%) 0.13 96/102 (94%) 0.156 32 (2–106) 0.688 2,500 (438–2,500) 0.793

Hispanic 18/19 (95%) 18/18 (100%) 32 (5–125) 2,396 (755–2,500)

Black 1/2 (50%) 2/3 (67%) 29 (15–44) 1,770 (885–2,136)

Type of malignancy

Solid tumor 80/96 (83%) 0.252 99/101 (98%) 0.002b 44 (4–137) 0.018b 2,500 (514–2,500) 0.029b

Hematological

malignancy

18/25 (72%) 17/22 (77%) 6 (0–33) 832 (24–2,500)

Anti-cancer therapy 0.015b <0.001b 0.002b 0.001b

Clinical surveillance 38/44 (86%) 44/45 (98%) 60 (5–185) 2,500 (934–2,500)

Cytotoxic 20/29 (69%) 28/30 (93%) 4 (0–18) 611 (160–1,956)

Immunotherapy 11/13 (85%) 13/14 (93%) 21 (4–43) 1,116 (627–2,500)

Endocrine therapy 15/16 (94%) 18/18 (100%) 66 (30–137) 2,500 (2,500–2,500)

Anti-CD-20 antibody 0/4 (0%) 0/4 (0%) <0.4 <0.4

Anti-CD-38 antibody 1/1 (100%) 1/1 (100%) 1 203

Anti-HER antibody 2/2 (100%) 1/1 (100%) 18 (11–25) 2,500

Anti-VEGF antibody 4/5 (80%) 5/5 (100%) 3 (1–77) 329 (82–2,500)

RANKL antibody 3/4 (75%) 3/3 (100%) 35 (21–64) 2,500 (1,301–2,500)

Kinase inhibitor 13/15 (87%) 12/13 (92%) 51 (6–78) 2,500 (439–2,500)

Time point 1, antibody measurement after partial vaccination (post first vaccine dose); time point 2, antibody measurement after complete vaccination

(post second vaccine dose).
aComparison between two time points.
bStatistically significant at a = 0.05.
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treatments, including endocrine therapy or immunotherapy (im-

mune checkpoint inhibitors) had no discernable impact on the

seropositivity rates, with an overall seroconversion rate ranging

from 90% to 95% in published studies that measured response

at a minimum of 3 weeks after completion of vaccination series.

As previously shown in other studies, to properly appreciate

seroconversion rate, the timing of sampling is essential (Bar-

rière et al., 2021; Bird et al., 2021; Monin et al., 2021; Palich

et al., 2021). Testing for antibody levels at 3 weeks after only

the first dose of vaccine provided only partial information, mak-

ing it difficult to interpret or infer vaccine efficacy. On the con-

trary, waiting 3–4 weeks after the second dose for antibody

measurement, as we did in our study, could provide more reli-

able information on the seroconversion rate and antibody titer

level, thus offering a more comprehensive picture. We

commend the studies that examined immunogenicity using an
1094 Cancer Cell 39, 1091–1098, August 9, 2021
anti-S IgG, neutralization assay and T cell repertoire simulta-

neously (Monin et al., 2021), which provides more nuanced pic-

ture about the vaccination response.

Our data confirm the efficacy of the vaccine in triggering

the humoral immune response in patients with cancer. On the

other hand, it also reinforces the potential concern of inade-

quate protection in immunocompromised patients, especially

those receiving anti-CD20 treatment, namely rituximab. There

have been many publications highlighting the potential immu-

nosuppressive activity of anti-CD20 therapy. Rituximab is a

chimeric human-mouse monoclonal antibody used in the

treatment of hematological malignancies and autoimmune

diseases (https://www.accessdata.fda.gov/drugsatfda_docs/

label/2012/103705s5367s5388lbl.pdf; https://www.ema.europa.

eu/en/medicines/human/EPAR/mabthera). It reacts specifically

with the CD20 antigen expressed on more than 95% of normal

https://www.accessdata.fda.gov/drugsatfda_docs/label/2012/103705s5367s5388lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2012/103705s5367s5388lbl.pdf
https://www.ema.europa.eu/en/medicines/human/EPAR/mabthera
https://www.ema.europa.eu/en/medicines/human/EPAR/mabthera
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Figure 2. Differences in anti-SARS-CoV-2 S (anti-S) IgG titers

followingpartial andcomplete vaccination, stratifiedby typeofcancer

Anti-S antibody titers (U/mL) were significantly lower in patients with hema-

tological malignancy compared with those with solid tumor, at time point 1

(post first vaccination dose) and at time point 2 (post second vaccination

dose). Boxplot showing median (horizontal bar), the 25th and 75th quartiles,

and the error bars depicting largest and smallest values. Differences assessed

by Kruskal-Wallis test.
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and malignant B cells, inducing complement-mediated and

antibody-dependent cellular cytotoxicity. Rituximab could

indeed cause a rapid depletion of pre-B cells and mature
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B cells, which remain at low or undetectable levels for

2–6 months before returning to pretreatment levels, generally

within 12 months. Growing evidence supports that rituximab

might influence T cell immunity as well. Rituximab may cause

immunosuppression through several mechanisms, such as de-

layed onset cytopenia, neutropenia in particular, if administered

for long periods. It comes with no surprise that, in our study, pa-

tients receiving anti-CD-20 therapy did not develop any anti-

body titers for IgG-S. The optimal approach for vaccinating

and monitoring this subset of patients at high risk for non-

response to SARS-CoV-2 vaccines remains unclear. Although

a possible strategy might be to withhold immunosuppressive

treatment, such as anti-CD-20, until after the two doses of vac-

cines have been administered, when possible, a more evi-

dence-based strategy would be preferable. For instance, the

health authority in France has issued a statement suggesting

a third dose of vaccine, 3–4 weeks after the second dose in

immunocompromised patients, but data on implementation

and outcomes of adopting such a strategy have not been pub-

lished as yet. In addition, we observed that patients with prior

SARS-CoV-2 exposure had low levels on anti-S antibody at

baseline and showed a robust response after partial and com-

plete vaccination. Despite small numbers, this signals vaccina-

tion benefit in patients with a history of COVID-19 and should be

examined in a larger study.

Studying an international prospective cohort of vaccinated pa-

tients with cancer, we present data across diverse age groups,

cancer types, cancer treatment types, which are representative

of the patient populations cared for at our cancer centers. This

provides a comprehensive assessment of immunogenicity after

one and two doses of SARS-CoV-2 mRNA vaccines in patients

with solid and hematological malignancy. Secondly, our results

are consistent, irrespective of the vaccine type and the patient

characteristics across centers, and in line with existing literature
p= 0.044

p= 0.009

N = 14

c monoclonal
antibody

Figure 3. Differences in anti-SARS-CoV-2 S

(anti-S) IgG titers following complete

vaccination, stratified by anti-cancer treatment

modality

Anti-S antibody titers (U/mL) after complete vaccina-

tion were significantly different among anti-cancer

treatment groups. Significantly lower levels of anti-

body titers were observed for those on cytotoxic

chemotherapy within 6 months before vaccination

compared with those on clinical surveillance or endo-

crine therapy. Patients receiving monoclonal antibody

treatment had the lowest antibody titers, and the dif-

ference was statistically significant when compared

with antibody titers in those receiving endocrine ther-

apy. Boxplots are shown and differences measured by

Kruskal-Wallis test with Dunn’s post-hoc test, cor-

rected by the Benjamini-Hochberg method.
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Table 3. Studies on Anti-SARS-CoV-2 spike IgG seroconversion after partial or complete vaccination in patients with cancer

Study Country Cancer type

No. of

patients

assessed

in the study Vaccine

No. of vaccine

doses received

before antibody

measurement

Days between

the latest vaccine

dose and antibody

measurement

Anti-spike IgG

antibody test

platform

Seroconversion

(number of

patients, [%])

Palich

et al., 2021

France solid cancer 95 BNT162b2 1 21 Abbott 52 (55)

Monin

et al., 2021

UK both 100 BNT162b2 1 21 ELISA

(in-house)

29 (29)

24 BNT162b2 2 14 21 (87.5)

Herishanu

et al., 2021

Israel chronic

lymphocytic

leukemia

167 BNT162b2 2 0 Elecsys 66 (39.5)

Agha

et al., 2021

US hematological

malignancy

67 mRNA-1273

BNT162b2

2 N/A Beckman

Coulter

31 (46.3)

Bird

et al., 2021

UK myeloma 93 BNT162b2

AZD1222

1 21 Ortho Clinical

Diagnostics

Total Antibody

Test

65 (70)

Terpos

et al., 2021

Greece myeloma 44 BNT162b2 1 21 cPass NAbs

Detection Kit

9 (20.6)

Barrière

et al., 2021

France solid cancer 122 BNT162b2 1 21–28 Elecsys 58 (47.5)

42 2 15–27 40 (95.2)

Thakkar

et al., 2021a

US both 200 BNT162b2

mRNA-1273

2 14 Abbott 109 (95)

58 (94)

AD26.COV2.S 1 7 17 (85)

Massarweh

et al., 2021

Israel solid cancer 102 BNT162b2 2 >19 Abbott 92 (90)

Addeo

Shah et al.

(this study)

Switzerland,

US

both 29 BNT162b2 1 21 Elecsys 24 (83)

30 2 29 28 (93)

92 mRNA-1273 1 28 74 (80)

93 2 22 88 (95)

N/A, not applicable.
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on seropositivity rates in similar populations. We assessed anti-

N IgG at all the same pre-specified time points as anti-S IgG to

ensure that no asymptomatic infection was overlooked. Further-

more, we reported response at 3–4 weeks after vaccination

completion, a long duration of follow-up in vaccinated patients

with malignancy.

Despite these strengths, there remain limitations due to the

lack of corresponding data on cellular immunity for these pa-

tients. We acknowledge that this is an important component

of the comprehensive examination of post-vaccine immune

repertoire, so cell-mediated immune response analyses from

this cohort are underway. A second potential limitation might

be the utilization of anti-S IgG assay as a surrogate for

COVID-19 immunity in lieu of neutralizing antibodies against

SAS-CoV-2 virus; however, it is a reasonable scientific expecta-

tion that anti-spike antibody titers would be highly correlated

with neutralizing antibody activity. Thus, given its high sensi-

tivity, specificity, agreement with other platforms, low cost

and labor requirement, technical ease, and faster turn-around

time, we chose anti-S IgG assay for this study, which can allow

validation of these results in different population-based vaccine

response studies (Alvim et al., 2020; Mazzini et al., 2021). The

upper limit of antibody titer measurements was capped at
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2,500 U/mL, so the differences between various groups in our

study could potentially be larger than observed here. Further-

more, we did not have a centralized laboratory for analysis of

antibodies; however, this test has been validated in multiple

studies and we did not identify a signal for center level differ-

ences in our results. Accurate surrogates for protection in the

clinical setting remain to be established. Finally, due to our

geographical location and time constraints, the cohort has

inadequate representation of certain minority patients (e.g.,

black, Asian, etc.) (Schmidt et al., 2020), individual cancer

types, and cancer treatments. The findings based on a small

number of minority patients were not statistically significant

and need to be interpreted with caution. We hope that this

gap in knowledge will be addressed through a larger multi-na-

tional collaborative effort to validate and expand on our study

findings.

To summarize, our study documents that the vast majority of

patients with cancer develop positive anti-SARS-CoV-2 spike

antibody response at 3 weeks post-completion of mRNA vacci-

nation series, hence administration of both doses is recommen-

ded. Our results stress the importance of identifying patients at

high risk of non-response post-vaccination, so alternate protec-

tion strategy can be developed.
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KEY RESOURCES TABLE
REAGENT or RESOURCE SOURCE IDENTIFIER

Biological samples

Serum sample Patients recruited in this study In this study

Critical commercial assays

Elecsys� Anti-SARS-CoV-2 Nucleocapsid Roche Catalog number 7304

Elecsys� Anti-SARS-CoV-2 Spike Roche Catalog number 3608

Deposited data

Computer code Github https://github.com/pankil-shah/cancer_

cell_covid_vaccine

Software and algorithms

R 4.0.5 https://www.r-project.org/ https://www.r-project.org/

Other

Clinical data Electronic medical record Study ID
RESOURCE AVAILABILITY

Lead Contact
Further information and requests for resources and reagents should be directed to and will be fulfilled by the lead contact, Dimpy

Shah, shahdp@uthscsa.edu.

Materials availability
This study did not generate new unique reagents.

Data and code availability
The published article includes all data generated and analyzed during this study. Data will be made available freely from the corre-

sponding authors upon request. The utilized computer code has been deposited in GitHub (https://github.com/pankil-shah/

cancer_cell_covid_vaccine). All analyses were conducted with built-in and freely available R packages.

EXPERIMENTAL MODEL AND SUBJECT DETAILS

Patient data collection
This study was approved by institutional review boards at each institution. We performed a prospective observational cohort study

on patients with cancer who received mRNA-1273 or BNT162b2 vaccine at University Hospital of Geneva (HUG) and Mays Cancer

Center at University of Texas Health San Antonio MD Anderson (MCC) between January 29, 2021, and April 24, 2021. Vaccination

series was administered as per the manufacturer guidelines (gap between first and second dose was 21 days for mRNA-1273 and

28 days for BNT162b2). Participants were enrolled in the study by signing an informed consent. The inclusion criteria consisted of

adult patients (age 18 years or older), eligible to receive COVID-19 vaccination, diagnosed with any malignancy with the exception

of early-stage squamous cell skin cancer, early-stage basal cell skin carcinoma and non-invasive pathology such as Ductal Car-

cinoma in-situ (DCIS). Patients who were currently receiving anti-cancer treatment or had received active treatment within the last

5 years, were eligible. Exclusion criteria included a laboratory confirmed diagnosis of SARS-CoV-2 exposure either by polymerase

chain reaction or serology, previous enrollment in a COVID-19 vaccine trial, pregnancy or breastfeeding, and unable to comply

with study-related procedures. Clinical characteristics were collected by clinical chart review at each center using same defini-

tions. Blood samples are collected at the time of the first vaccine dose (baseline), at the time of the second vaccine dose which

was equivalent to 3 weeks after first dose of BNT162b2 and 4 weeks after first dose of mRNA-1273 (time point 1) and at 3 weeks

after second dose of mRNA-1273 or 4 weeks after second dose of BNT162b2 (time point 2). Here, we are reporting on all

available serum samples from baseline, time point 1, and time point 2. These samples were tested for both anti-SARS-CoV-2

spike (S) IgG and nucleocapsid (N) IgG titers. The current study has two primary outcomes: 1) rates of seroconversion to the

SARS-CoV-2 S protein; and 2) anti-S antibody titer levels in patients with cancer following first and second dose of vaccination

with BNT162b2 or mRNA-1273.
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Anti-SARS-CoV-2 spike IgG and nucleocapsid IgG assays
Blood samples collected using standard sampling tubes were directly centrifuged, and serum was stored at �80C until batch

analysis in US and Europe, respectively. The immunogenicity of mRNA vaccines was assessed by Elecsys Anti-SARS-CoV-2 S

immunoassay for the in vitro quantitative determination of antibodies (including IgG) to the SARS-CoV-2 spike (S) protein receptor

binding domain (RBD) in human serum and plasma (Elecsys Anti-SARS-CoV-2 S. Package Insert, 2020-09, V1.0; Material Numbers

09289267190 and 09289275190). The assay uses a recombinant protein representing the RBD of the S antigen in a one-step double-

antigen sandwich (DAGS) assay format, which favors detection of high affinity antibodies against SARS-CoV-2. The test is intended

as an aid to assess the adaptive humoral immune response to the SARS-CoV-2 S protein. Briefly, patient samples are incubated with

a mix of biotinylated and ruthenylated RBD antigen. After addition of streptavidin-coated microparticles, the DAGS complexes bind

to the solid phase via interaction of biotin and streptavidin. The reagent mixture is transferred to the measuring cell, where the

microparticles are magnetically captured onto the surface of the electrode. Unbound substances are subsequently removed. Elec-

trochemiluminescence is then induced by applying a voltage andmeasured with a photomultiplier. The signal yield increases with the

antibody titer. Using internal Roche standard for anti-SARS-CoV-2-S consisting of monoclonal antibodies, 1 nM antibodies corre-

spond to 20 U/mL of the Elecsys Anti-SARS-CoV-2 S assay. The cutoff value for this assay is 0.8 U/mL with <0.8 U/mL values re-

ported as negative, and the maximum value is 2500 U/mL. This threshold resulted in a sensitivity of 98.8% (95% CI: 98.1–99.3%)

in 1,610 samples from a cohort of 402 symptomatic patients with PCR confirmed SARS-CoV-2 infection and a specificity of

99.98% (95% CI: 99.91–100%) in a cohort of 5991 samples from pre-pandemic routine diagnostics and blood donors (Elecsys

Anti-SARS-CoV-2 S. Package Insert, 2020-09, V1.0; Material Numbers 09289267190 and 09289275190). Total antibodies against

the N antigen of SARS-CoV-2 were measured on a Cobas e801 analyzer (Roche Diagnostics, Rotkreuz, Switzerland) according to

the manufacturer’s instructions. Results are reported as numeric values in form of a cut-off index (signal sample/cutoff or signal cali-

brator ratio) and are considered as positive when equal to or above 1.

QUANTIFICATION AND STATISTICAL ANALYSIS

After excluding patients with previous SARS-CoV-2 exposure based on positive anti-N IgG test at baseline, all remaining eligible

patients with available samples and data were included in the immunogenicity analyses. For the primary analysis, we assessed sero-

conversion rates (number of patients with positive anti-SARS-CoV-2 S IgG antibody divided by the number of patients assessed) at

time point 1 (post first vaccine dose) and time point 2 (post second vaccine dose). The differences in seroconversion rates by number

of vaccine doses, age, sex, race/ethnicity, vaccine type, cancer type, and anti-cancer treatment modality were compared by Fisher

exact test, corrected by Benjamini-Hochberg method. We also compared differences in anti-S antibody titers by number of vaccine

doses, age, sex, race/ethnicity, vaccine type, cancer type, and anti-cancer treatment modality using Kruskal-Wallis Rank-Sum test

with Dunn’s post-hoc test, corrected by Benjamini-Hochberg method. We also present the change in antibody response from

pre-vaccination to post-vaccination in the subset of patients with prior SARS-CoV-2 exposure that were excluded from the

overall immunogenicity analysis; however, statistical analysis was not performed. Statistics were computed in R, version 4.0.5

(R Core Team, 2021).
e2 Cancer Cell 39, 1091–1098.e1–e2, August 9, 2021
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Supplementary Fig 1. Differences in anti-SARS-CoV-2 S (anti-S) IgG titers following 

partial and complete vaccination, stratified by type of vaccine, related to Fig 1 

Similar anti-S antibody titers (U/mL) in patients who received 1 dose of mRNA-1272 or 

BNT162b2 was observed at timepoint 1. Although not significant, a trend in lower antibody 

titer for BNT162b2 compared to mRNA-1272 group was observed at timepoint 2 (post 2nd 

vaccination dose). Box plot showing median (horizontal bar), the 25th and 75th quartiles, 

and the error bars depicting largest and smallest values. Differences assessed by Kruskal 

Wallis Test. 

Supplementary Fig 2. Trajectories of anti-SARS-CoV-2 S (anti-S) IgG titers in 

individual patients over time, stratified by type of vaccine, related to Fig 1 

Trajectories of anti-S antibody titers (U/mL) in individual patients from baseline (pre-

vaccination) to timepoint 1 (post 1st vaccination dose) to timepoint 2 (post 2nd vaccination 

dose) are shown. These are stratified by type of vaccine. Only 1 patient showed a drop 

in antibody titer level from timepoint 1 to timepoint 2. 

Supplementary Fig 3. Increase in anti-SARS-CoV-2 S (anti-S) IgG titers following 

partial and complete vaccination in 9 patients with prior SARS-CoV-2 infection, 

related to Fig 1 

Anti-S antibody titers (U/mL) increased after partial (timepoint 1) and complete 

vaccination (timepoint 2) in 9 patients with prior SARS-CoV-2 infection defined by 

presence of anti-SARS-CoV-2 nucleocapsid IgG at baseline. Box plot showing median 



(horizontal bar), the 25th and 75th quartiles, and the error bars depicting largest and 

smallest values. Statistical significance testing was not  performed due to small numbers. 



Supplementary Table 1 Clinical characteristics of patients with prior SARS-CoV-2 
infection who received vaccination, related to Table 1 

N 9 
Age, years, median (IQR) 56 (56 – 60) 
Sex 

Male 3 (33%) 
Female 6 (67%) 

Race 
Non-Hispanic White 7 (78%) 
Hispanic 1 (11%) 
Black 1 (11%) 

Type of Malignancy 
Solid Malignancies 6 (67%) 

Breast 3 
Urological 1 
Thoracic malignancy 1 
Connective tissue 1 

Hematological malignancies 3 (33%) 
Diffuse large B cell lymphoma 6 
Follicular lymphoma 2 
MALT lymphoma 2 
T-cell Lymphoma/Mycosis Fungoides 2 
Hodgkin’s lymphoma 4 
Myeloma 5 

Type of anti-cancer treatmentb (within 6 months prior to 
vaccination) 

Clinical surveillance 3 (33%) 
Cytotoxic chemotherapy 1 (11%) 
Immunotherapy 1 (11%) 
Endocrine therapy 2 (22%) 
Kinase Inhibitor 1 (11%) 
Surgery 1 (1%) 

SARS-CoV-2 Vaccine 
BNT162b2 3 (33%) 
mRNA-1273 6 (67%) 



p = 0.668 
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