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During the global pandemic with COVID-

19, early reports indicated that cancer pa-

tients in general, and lung cancer patients

in particular, who were infected with

SARS-CoV-2 had high mortality rates,

with a reported 25%–40% case fatality

rate (CFR) (Rolfo et al., 2022). The underly-

ing clinical, demographic, and tumor-bio-

logic factors contributing to the aggressive

courseof infection in this vulnerable cancer

population have not been fully elucidated

and could arise through multiple mecha-

nisms, including the immunosuppressive

activity of lung cancer therapeutics, lung

cancer itself, orotherco-morbiditiespartic-

ularly related to the respiratory system (Ku-

derer et al., 2020; Zhang et al., 2021; Lievre

et al., 2020). In December 2020, phase III

randomized clinical trials demonstrated

strong clinical efficacy of SARS-CoV-2

mRNA vaccines, which subsequently

becameavailable to thepublic in theUnited

States, but did not specifically evaluate

lung cancer patients (Baden et al., 2021;

Chavez-Macgregor et al., 2022). Addition-

ally, the recently emergent Omicron vari-

ants largely evade vaccination-induced

immunity. It has been shown that third
mRNA vaccine doses increase Omicron

antibody neutralization in the general pop-

ulation; however, the efficacy of this third

dose remains unknown in patients with

lung cancer (Planas et al., 2022; Wu et al.,

2022; Nemet et al., 2022). Thus, there are

major knowledge gaps for managing pa-

tients with lung cancer in the COVID-19

era which need to be filled.

To address these key issues, we pro-

spectively studied the magnitude and

kinetics of the humoral response to

COVID-19 mRNA vaccination in a well-

annotated lung cancer population of

176 individuals, compared to an age-

matched control series. Of the full cohort,

114 patients received two doses of

mRNA vaccine, with 66% receiving

the BNT162b2 (Pfizer/BioNTech), while

34% received mRNA-1273 (Moderna).

Participant demographics are shown in

Table S1. The median age was 69, with

54% female and 54% with stage 4 dis-

ease. Across all stages and histologies,

68% of patients were actively receiving

systemic treatment for lung cancer. For

comparison, information and specimens

from 140 control participants were re-
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cruited from two sources at the Mount

Sinai Health System: the Early Lung Can-

cer Action Program (ELCAP) screening

center and the Protection Associated

with Rapid Immunity to SARS-CoV-2

(PARIS) study (Krammer et al., 2021).

The control group coming from ELCAP

screening participants (n = 51) was well

matched in terms of age and ethnicity

and was comprised of 43% women.

The PARIS control group from healthcare

workers (n = 67) had no ethnicity data

recorded and was comprised of 69%

women. Overall, following the same

exclusion criteria, the combined control

groups had 64%of participants receiving

BNT162b2 mRNA vaccine and 36%

of participants receiving mRNA-1273

vaccine.

The evolution of humoral response over

time in patients and controls who received

two doses of mRNA vaccine (prior to

booster) is represented in Figure S1A.

Linear regression analysis revealed that

lung cancer patient antibody titers had a

significantly reduced area under the curve

(AUC) per day compared to control anti-

body titers (p = 0.0018). Critically, there
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were significantly more post-vaccinated

lung cancer patients with titers measured

at zero compared to controls (patients,

6/103; control, 0/105; p < 0.0001). Addi-

tionally, there was significantly more

intra-patient variance in antibody titers

within the cancer group compared to the

controls (p = 0.002) (Figure S1B). Longitu-

dinal analyses of individual cancer pa-

tients and controls are shown in Figures

S1C and S1D, respectively. In this patient

set, 34.9% (n = 44) received a booster

(third) vaccination. Overall, booster vacci-

nations resulted in a significantly positive

increase in the trajectory of patient anti-

body titers, emphasized in Figure S1E by

the darker blue circles (p < 0.001). Of the

six patients who had zero titers after initial

vaccination, two were deceased prior to

availability of a third (booster) vaccination.

However, booster vaccinations resulted

in increased titers to detectable levels

in three of the three patients for whom

post-booster blood draws were available,

shown in Figure S1F as a time course rela-

tive to treatment and vaccination.

A relevant question for patients with

lung cancer is whether the third mRNA

vaccine-induced immune response will

protect against SARS-CoV-2 variants.

We assessed the neutralization ability of

antibodies against the Omicron variant

in comparison to ancestral (wild-type)

SARS-CoV-2 in a subset of 28 lung

cancer patients and 30 healthy controls

who received their third mRNA vaccine

prior to the latest blood draw. Both pa-

tients and healthy controls had signifi-

cantly lower Omicron neutralization ability

compared to ancestral SARS-CoV-2 (Fig-

ures S1G and S1H, p < 0.01). The differen-

tial drop between ancestral and Omicron

neutralization was numerically but not

significantly greater in patients compared

to controls (p = 0.07). Post-booster anti-

spike binding antibody titers correlated

significantly with neutralizing antibody ti-

ters (NAbTs) observed for both wildtype

and Omicron variants (p < 0.0001 and p =

0.0004, respectively) (Figures S1I and

S1J), which correlated with each other as

well (p = 0.0004) (Figure S1K). For the Om-

icron variant, of the 28 patients, six (21%)

had NAbT readings at the minimum level

of detection (essentially undetectable

neutralizing activity), in contrast to only

one of 30 controls (3%) (Figure S1G). There

was one lung cancer patient who also had

undetectable wild-type neutralization ac-
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tivity. This patient was also undetectable

for Omicron neutralization and was one of

the patients identified as having compro-

mised anti-spike antibody titers discussed

above. Thus, lung cancer patients as well

as the controls had significantly less

NAbTs against Omicron compared to

ancestral virus, and a substantial subset

(6/28) of lung cancer patients failed to

develop anti-Omicron NAbTs. Although

there was an overall significant correlation

between neutralization and anti-spike

binding Ab titers, the six cases with com-

plete failure of Omicron neutralization did

not necessarily have low binding titers

(Figure S1J) such that it would not have

been possible to infer or predict a patient’s

Omicron neutralization ability from their

anti-spike antibody titer readings.

For patients with cancer and the

oncology patient care community, it is

important to know what the impact of

anticancer therapeutics is on the immune

response to SARS-CoV-2 infection and/

or vaccination. This is obviously relevant

given the immunosuppressive nature of

many anticancer drugs and the need, in

most patients with stage IV lung cancer,

to continue receiving anticancer therapy

for the remainder of their lives. Thus, it

was important to learn that there were

no significant differences across stages

in the relationships between cancer ther-

apy category (targeted therapy, chemo-

therapy, immunotherapy, no therapy)

and anti-spike antibody titers as shown

in Figure S1L for lung cancer patients

who received mRNA vaccination. Over-

all, we observed no statistical relation-

ships in this initial dataset between treat-

ment and post-vaccination changes in

antibody levels. Nevertheless, to be

conservative, we cannot rule out the pos-

sibility that the compromised immune re-

sponses observed in the small percent-

age of patients on this study were the

product of cancer treatment effects,

and we continue to study this issue in

our expanding longitudinal cohort.

In summary, we found that the majority

of patients with lung cancer mounted an

adequate antibody titer in response to

vaccination, comparable to healthy control

values, but a subset (5%) displayed a

diminished antibody response to COVID-

19 vaccination, as indicated by antibody ti-

ters below the level of detection. Recovery

of antibody levels after the third mRNA

vaccine dose suggests that repeat vacci-
nation is important in obtaining and/or

maintaining antibody titers in patients

with lung cancer and supports the concept

of continued serial vaccination dosing. Of

particular concern is the increased fraction

of post-booster patients with lung cancer

that failed to produce NAbTs against Om-

icron. In this small subset, we were not

able to statistically evaluate causative

factors contributing to the seroconversion

failure, nor could we conclusively rule out

the involvement of cancer treatment or

advanced stage disease. The small frac-

tion of lung cancer patients with absent

antibody responses is overall good news;

however, it highlights the urgent need to

study large populations longitudinally to

identify characteristics underlying this ef-

fect and to investigate the potential bene-

fits of booster vaccinations in the context

of new variants in this constantly evolving

pandemic.
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