
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



STATE OF THE ART: CONCISE REVIEW
Lung Cancer and Severe Acute Respiratory
Syndrome Coronavirus 2 Infection: Identifying
Important Knowledge Gaps for Investigation
a
Christian Rolfo, PhD, MD, MBA, Drhc, Noy Meshulami, BSc,a

Alessandro Russo, MD, PhD,b Florian Krammer, PhD,c

Adolfo García-Sastre, MD, PhD,c,d,e,f Philip C. Mack, PhD,a Jorge E. Gomez, MD,g

Nina Bhardwaj, MD, PhD,f Amin Benyounes, MD,h Rafael Sirera, MD, PhD,i,j,k

Amy Moore, PhD,l Nicholas Rohs, MD,a Claudia I. Henschke, MD, PhD,m

David Yankelevitz, MD,m Jennifer King, PhD,n Yu Shyr, MD, PhD,o

Paul A. Bunn Jr., MD, PhD,p John D. Minna, MD, PhD,q,r

Fred R. Hirsch, MD, PhD, FASCOa,*
*Corresponding author.

Disclosure: Dr. Rolfo reports receiving funding from the Lung Cancer
Research Foundation—Pfizer Grant 2019; personal fees for attending
advisory board meetings from ArcherDx, Bristol-Myers Squibb, Boston
Pharmaceuticals, Inivata, MD Serono, and Novartis; fees for speakers
bureau from AstraZeneca, Merck Sharp & Dohme, and Roche; and
nonfinancial support from Guardant Health through a research
collaboration. Dr. Russo reports receiving personal fees for attending
advisory board meetings from AstraZeneca, Merck Sharp & Dohme,
and Novartis. The Icahn School of Medicine at Mount Sinai has filed
patent applications relating to severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) serologic assays and NDV-based SARS-CoV-2
vaccines which list Dr. Krammer as coinventor. Mount Sinai has spun out
a company, Kantaro, to market serologic tests for SARS-CoV-2. Dr.
Krammer has consulted for Merck and Pfizer (before 2020) and is
currently consulting for Pfizer, Third Rock Ventures, Seqirus, and Avi-
mex. The Krammer laboratory is also collaborating with Pfizer on an-
imal models of SARS-CoV-2. Dr. García-Sastre reports receiving funding
from the National Institutes of Health, National Cancer Institute (NCI)
U54CA260560 and National Institutes of Health, National Institute of
Allergy and Infectious Diseases 75N93019R00028; having royalties or
licenses from Avimex and Medimmune; receiving consulting fees from
7Hills Pharma, Avimex, Esperovax, Farmak, Applied Biological Labo-
ratories, Pharmamar, and Pfizer; having speakers bureau for Sequirus;
having patents planned, issued, or pending for use of NDV as vaccine
vector for coronavirus disease 2019; participating at the advisory
board for coronavirus disease 2019 vaccines in the New York State; and
having stock options in Vivaldi Biosciences, Contrafect, and Pagoda. Dr.
Mack reports receiving funding from NCI U54CA260560 grant and
speakers bureau from Guardant Health and Amgen. Dr. Gomez reports
receiving funding from NCI U54CA260560 grant and personal fees for
attending advisory board meetings from Bristol-Myers Squibb. Dr.
Bhardwaj is an extramural member of the Parker Institute for Cancer
Immunotherapy; receives research funds from Regeneron, Harbor
Biomedical, and Dragonfly Therapeutics; and is on the advisory boards
of Neon Therapeutics, Novartis, Avidea, Boehringer Ingelheim, Rome
Therapeutics, Roswell Park Comprehensive Cancer Center, BreakBio,
Carisma Therapeutics, Rubio, CureVac, Genotwin, BioNTech, Gilead and
Tempest Therapeutics, and the Cancer Research Institute. Dr. Sirera
reports receiving support from Merck Sharp & Dohme for attending
meetings, having honoraria, and conducting lectures. Dr. Moore reports
receiving unpaid participation in the NTRKers Board of Directors. Dr.
Rohs reports receiving institutional grant support from U54 Grant;
receiving personal consulting fees from AstraZeneca, Genentech, and
BeiGene; having speakers bureau from PER/OncLive; participating on
the Mount Sinai Data Safety and Monitoring Committee; and being the
founder of the New York Lung Cancer Foundation. Dr. Henschke is a
named inventor on a number of patents and patent applications
relating to the evaluation of pulmonary nodules on computed tomog-
raphy scans of the chest which are owned by the Cornell Research
Foundation (CRF). Since 2009, Dr. Henschke does not accept any
financial benefit from these patents, including royalties, and any other
proceeds related to the patents or patent applications owned by CRF.
Dr. Henschke is the President and serves on the board of the Early
Diagnosis and Treatment Research Foundation and receives no

compensation from the Foundation. The Foundation is established to
provide grants for projects, conferences, and public databases for
research on early diagnosis and treatment of diseases. Recipients
include I-ELCAP, among others. The funding comes from a variety of
sources, including philanthropic donations, grants, and contracts with
agencies (federal and nonfederal), imaging, and pharmaceutical com-
panies relating to image processing assessments. The various sources
of funding exclude any funding from tobacco companies or tobacco-
related sources. Dr. Yankelevitz reports receiving consulting fees from
AstraZeneca, Pfizer, and Genentech; being a named inventor on a number
of patents and patent applications relating to the evaluation of diseases
of the chest, including measurement of nodules, in which some of these,
which are owned by CRF, are nonexclusively licensed to General Electric;
serving on the medical advisory board of Carestream; and being an equity
owner in Accumetra, a privately held technology company committed to
improving the science and practice of image-based decision-making. Dr.
King reports receiving funding support from NCI Seronet U54 Funding to
Mount Sinai School of Medicine (subcontract to GO2 Foundation for Lung
Cancer); receiving grants from Bristol-Myers Squibb and Genentech for
scientific research projects funding paid to GO2 Foundation for Lung
Cancer; having speakers bureau (paid to GO2 Foundation for Lung Cancer)
from AstraZeneca, Foundation Medicine, Merck, and Thermo Fisher Sci-
entific; and participating on a data safety monitoring board or advisory
board (paid to GO2 Foundation for Lung Cancer) from Boehringer Ingel-
heim and Guardant. Dr. Shyr reports receiving funding support from the
National Institutes of Health (P30CA068485; U24CA163056;
U24CA213274; P50CA236733; P50CA098131; U54CA163072); receiving
grants or contracts from the National Institutes of Health (P30CA068485;
U24CA163056; U24CA213274; P50CA236733; P50CA098131;
U54CA163072); having speakers bureau from Roche, AstraZeneca, and
Eisai; and participating on a data safety monitoring board or advisory
board from Novartis, Pfizer, Janssen (Johnson & Johnson), AstraZeneca,
and Roche. Dr. Bunn reports receiving consulting fees from Bristol-Myers
Squibb, Ascentage, Merck, CStone, AstraZeneca, Eli Lilly, Ipsen, and
Verastem; participating on a data safety monitoring board or advisory
board from Merck and Bristol-Myers Squibb; and having leadership role in
Verastem. Dr. Minna reports receiving funding support from the National
Cancer Institute. Dr. Hirsch reports receiving grant support from NCI
U54CA260560; participating in scientific advisory boards for Amgen,
AstraZeneca, Bristol-Myers Squibb, Daiichi, Genentech/Roche, Merck,
Novartis, OncoCyte, Pfizer, Regeneron, and Sanofi; receiving payment for
expert testimony from GLG; and being an investigator in a University of
Colorado–owned patent: “EGFR protein expression and EGFR high copy
number as predictive biomarker for EGFR directed therapy.” The
remaining authors declare no conflict of interest.

Address for correspondence: Fred R. Hirsch, MD, PhD, FASCO, Clinical
Lung Cancer Institute, Icahn School of Medicine at Mount Sinai, One
Gustave L Levy Place, Box 1128, New York, NY 10029-6574. E-mail:
fred.hirsch@mssm.edu

ª 2021 International Association for the Study of Lung Cancer.
Published by Elsevier Inc. All rights reserved.

ISSN: 1556-0864

https://doi.org/10.1016/j.jtho.2021.11.001

Journal of Thoracic Oncology Vol. 17 No. 2: 214–227

mailto:fred.hirsch@mssm.edu
https://doi.org/10.1016/j.jtho.2021.11.001
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jtho.2021.11.001&domain=pdf


February 2022 Lung Cancer and SARS-CoV-2 Infection 215
aCenter of Excellence for Thoracic Oncology, The Tisch Cancer Institute, Icahn School of Medicine, at Mount Sinai, New
York, New York
bMedical Oncology Unit, Azienda Ospedaliera Papardo (A.O. Papardo), Messina, Italy
cDepartment of Microbiology, Icahn School of Medicine at Mount Sinai, New York, New York
dDepartment of Pathology, Molecular and Cell-Based Medicine, Icahn School of Medicine at Mount Sinai, New York, New
York
eGlobal Health and Emerging Pathogens Institute, Icahn School of Medicine at Mount Sinai, New York, New York
fDivision of Infectious Diseases, Department of Medicine, Icahn School of Medicine at Mount Sinai, New York, New York
gThe Tisch Cancer Institute, Icahn School of Medicine at Mount Sinai, New York, New York
hThoracic Oncology, Inova Schar Cancer Institute, Fairfax, Virginia
iUnidad Mixta TRIAL, Centro Investigación Príncipe Felipe-Fundación Investigación, Hospital General Universitario de
Valencia, Valencia, Spain
jCentro de Investigación Biomédica en Red Cáncer, CIBERONC, Madrid, Spain
kDepartment of Biotechnology, Universitat Politècnica de València, Valencia, Spain
lLUNGevity Foundation, Bethesda, Maryland
mDepartment of Radiology, Mount Sinai Health System, New York, New York
nGO2 Foundation for Lung Cancer, Washington, District of Columbia
oDepartment of Biostatistics, Vanderbilt University Medical Center, Nashville, Tennessee
pDivision of Medical Oncology, University of Colorado Cancer Center, Aurora, Colorado
qDivision of Hematology and Oncology, Department of Internal Medicine, The Hamon Center for Therapeutic Oncology
Research, University of Texas Southwestern Medical Center, Dallas, Texas
rSimmons Comprehensive Cancer Center, University of Texas Southwestern Medical Center, Dallas, Texas

Received 20 September 2021; revised 30 October 2021; accepted 1 November 2021
Available online - 10 November 2021
ABSTRACT

Patients with lung cancer are especially vulnerable to
coronavirus disease 2019 (COVID-19) with a greater than
sevenfold higher rate of becoming infected with severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
COVID-19, a greater than threefold higher hospitalization
rate with high complication rates, and an estimated case
fatality rate of more than 30%. The reasons for the
increased vulnerability are not known. In addition, beyond
the direct impact of the pandemic on morbidity and mor-
tality among patients with lung cancer, COVID-19, with its
disruption of patient care, has also resulted in substantial
impact on lung cancer screening and treatment/manage-
ment.COVID-19 vaccines are safe and effective in people
with lung cancer. On the basis of the available data, patients
with lung cancer should continue their course of cancer
treatment and get vaccinated against the SARS-CoV-2 virus.
For unknown reasons, some patients with lung cancer
mount poor antibody responses to vaccination. Thus,
boosting vaccination seems urgently indicated in this sub-
group of vulnerable patients with lung cancer. Nevertheless,
many unanswered questions regarding vaccination in this
population remain, including the magnitude, quality, and
duration of antibody response and the role of innate and
acquired cellular immunities for clinical protection. Addi-
tional important knowledge gaps also remain, including the
following: how can we best protect patients with lung
cancer from developing COVID-19, including managing care
in patient with lung cancer and the home environment of
patients with lung cancer; are there clinical/treatment de-
mographics and tumor molecular demographics that affect
severity of COVID-19 disease in patients with lung cancer;
does anticancer treatment affect antibody production and
protection; does SARS-CoV-2 infection affect the develop-
ment/progression of lung cancer; and are special measures
and vaccine strategies needed for patients with lung cancer
as viral variants of concern emerge.

� 2021 International Association for the Study of Lung
Cancer. Published by Elsevier Inc. All rights reserved.

Keywords: COVID-19; Lung cancer; SARS-CoV-2; Immuno-
therapy; Chemotherapy; Vaccine
Introduction
Of the many disparities revealed by the coronavirus

disease 2019 (COVID-19) pandemic, one of the imme-
diate medical concern is the apparent increased inci-
dence and severity of COVID-19 among patients with
cancer,1 and in particular those with lung cancer
(Table 1).2,3 An Italian study of 59,989 patients receiving
cancer treatment, of whom 406 became infected with
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), found that patients with lung cancer had the
highest incidence of contracting COVID-19 (n ¼ 91).2 A
retrospective case-control study of 73.4 million U.S. pa-
tients identified 16,570 patients who contracted COVID-
19, of whom 1200 were patients with cancer and 100
were recently diagnosed with having lung cancer.3 Pa-
tients recently diagnosed with having lung cancer were
at a significantly higher risk of infection with SARS-CoV-
2 with an adjusted OR of 7.66 (95% confidence interval
[CI]: 7.07–8.29).3



Table 1. Morbidity and Mortality in Patients With Lung Cancer and SARS-CoV-2 Infection

Summary of Select Studies on COVID-19 Infection and Outcomes Among Patients With Cancer Data

Study
Country/
Countries Cancer Types

Number of
Patients
With COVID-19

aOR of SARS-
CoV-2 Infection
(95% CI)

Hospitalization
Rate, %

Mortality
Rate, %

Wang et al.3 U.S. All cancer 1200 1.46 (1.42–1.50) — —

Recent (i.e., past 12 mo)
cancer diagnosis

670 7.14 (6.91–7.39) 48 15

Recent lung cancer
diagnosis

100 7.66 (7.07–8.29) — —

Control (COVID-19,
no cancer)

14,840 24 5

Aschele et al.2 Italy All cancer (active
anticancer treatment)

406 1.42 (1.29–1.56) 77 —

Lung cancer (active
anticancer treatment)

91 — — —

Control (COVID-19,
general population)

— — — —

Grivas et al.42 95% in U.S. All cancer 4966 — 58 14
Thoracic 409 — 69 26

Rivera et al.77 U.S. All cancer 2186 — — 15
Kuderer et al.43 U.S. All cancer 928 — 50 13

Thoracic 91 — — —

Pinato et al.45 UK, Italy,
Spain,and
Germany

All cancer 890 — — 34
Lung 119 — — —

Lee et al.44 UK All cancer 800 — 88 28
Respiratory and

intrathoracic organs
90 — — 36

Mehta et al.78 U.S. All cancer 218 — — 28
Lung 11 — — 55
Control (COVID-19,

no cancer)
1090 — — 14

Garassino et al.7 Mostly Italy,
Spain, and
France

Thoracic cancer 200 76 33

Luo et al.41 U.S. Lung cancer 102 — 62 25
Tagliamento

et al.4
Global metadata All cancer 33,879 — — 25

Lung cancer 1135 — — 32

Note: Patients with lung cancer are at higher risk of COVID-19 infection, hospitalization, and mortality.
Mortality rate definitions:
- Wang et al.3: Any death during the study period (August 2019–August 2020), death imported from the Social Security Death Index.
- Grivas et al.42: All-cause mortality within 30 days of COVID-19 diagnosis.
- Rivera et al.77: 30-Day all-cause mortality.
- Kuderer et al.43: All-cause mortality within 30 days of COVID-19 diagnosis.
- Pinato et al.45: Patients with SARS-CoV-2 infection and cancer identified February 26 to April 1, 2020, deceased by censoring on May 11, 2020.
- Lee et al.44: All-cause mortality during the study period (March 18, 2020–April 26, 2020).
- Mehta et al.78: Case fatality rate at the time of analysis.
- Garassino et al.7: All-cause mortality; of the 66 patients who died, 52 were due to COVID only, seven due to cancer only, three due to cancer and COVID, one
due to complication from cancer therapy, one due to cancer progression and another unstated reason, and two due to unstated reasons.
- Luo et al.41: Patients who died during the study period (March 12, 2020–May 6, 2020).
- Tagliamento et al.4: Rate of death (i.e., case fatality rate) within the study population.
CI, confidence interval; COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; UK, United Kingdom; U.S., United States.
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In addition to potentially increased susceptibility to
SARS-CoV-2 infection, patients with lung cancer seem to
have higher mortality rates and more severe outcomes
compared with other patients with cancer. A meta-
analysis of published studies reported a 32.4% COVID-
19 mortality rate, defined as case fatality rate for pa-
tients with lung cancer (95% CI: 26.5%–39.6%; n ¼
1135), compared with a 25.4% (95% CI: 22.9%–28.2%;
n ¼ 31,184) mortality rate for the overall cancer cohort.4

A study of the French population found that patients
with lung cancer and COVID-19 were at a 3.6-fold higher
risk of hospitalization and a 5.7-fold higher risk of
death.5 When hospitalized for COVID-19, 62% of patients
with lung cancer experienced the most severe form of
the disease requiring prolonged intubation and me-
chanical ventilation.6 Univariate analyses of 200 patients



Figure 1. COVID-19 biology and lung cancer (credit: created with BioRender.com). ACE2, angiotensin-converting enzyme 2;
COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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with lung cancer and COVID-19 in the TERAVOLT
(Thoracic Cancers International COVID-19 Collabora-
tion) registry observed associations linking increased
mortality with age greater than 65 years, chemotherapy
treatment, and presence of comorbidities. Nevertheless,
in multivariable analyses, only smoking was statistically
associated with increased mortality.7 In this international
study, most patients succumbed to complications from
COVID-19 and not from lung cancer progression.

Collectively, these data suggest that patients with
lung cancer are among the most vulnerable populations
to COVID-19. There is notable overlap in respiratory
symptoms between lung cancer and COVID-19, with
theoretically synergistic morbidities. Considering many
patients with lung cancer undergo immunosuppressive
cancer therapies that may affect the immune response to
SARS-CoV-2 infections or vaccines, prioritized protective
and therapeutic strategies are strongly warranted.

Biological Context: COVID-19 and Lung
Cancer

The lungs are the major affected organs of SARS-CoV-
2 infection affecting the pulmonary function. Within the
lungs, the angiotensin-converting enzyme 2 (ACE2)–
expressing (ACE2þ) and/or TMPRSS2-expressing
(TMPRSS2þ) alveolar type II (AT2) cells are the major
sites for SARS-CoV-2 infection and replication and
contribute to the secretion of cytokines in response to
viral infection.8 These eventually lead to one of the most
dreaded complications, acute respiratory distress syn-
drome. In addition, infected lung cells, together with
infected cells in the upper respiratory tract, might
contribute to the generation of aerosol-containing
viruses involved in viral transmission among the popu-
lation. Investigators exploring the molecular pathogen-
esis of lung cancer have extensively studied these
ACE2þ TMPRSS2þ AT2 cells. ACE2 expression is
elevated in tumor and tumor-adjacent normal tissues in
patients with cancer, including tumor-adjacent lung tis-
sue in patients with lung cancer, and in lung tissue of
individuals who smoke.9,10 This might partially explain
why patients with lung cancer are potentially at higher
risk of severe COVID-19. ACE2 and TMPRSS2 are het-
erogeneously expressed across different healthy tissues
with the highest expression levels in digestive, urinary,
and reproductive organs.11 ACE2 expression pattern and
level are closely related to the susceptibility and symp-
toms of COVID-19 (Fig. 1).12 Tumor cells are also more
susceptible to viral replication owing to defects in innate
antiviral immunity associated with transformation.13 It
is important to determine whether SARS-CoV-2 repli-
cates in lung cancer cells and whether the potential for
replication increases the risk of infection, viral load,
ability to mount an antiviral immune response, and/or
the development of more severe clinical COVID-19 dis-
ease. Likewise, does the histologic type or biological
subtypes of lung cancer, other clinical characteristics, or
treatments affect on these important issues. Thus, a
better understanding of the factors affecting SARS-CoV-2
replication in lung cancer cells is needed to implement
strategies to reduce the risk of patients with lung cancer
developing severe COVID-19 and to evaluate the efficacy
of COVID-19 vaccines in these patients.

Because SARS-CoV-2 infection of the lung results in
COVID-19–associated pulmonary changes (as, e.g., lung
abnormalities on chest computed tomography scans and

http://BioRender.com
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changes in pulmonary function), including potential
changes in lung epithelial cells, we will also need to
study whether there is a correlation between this
infection and onset of lung cancer on a population level.
There is also a concern that COVID-19–induced inflam-
mation may fuel lung cancer development or its patho-
physiology. Patients with severe COVID-19 infections
have elevated inflammatory markers (CXCL10, GM-CSF,
IL-6), as compared with those presenting moderate
disease severity,14 including duration of intubation.15

Tumor-promoting inflammation is one of the hallmarks
of cancer16 as inflammation plays a central role in
angiogenesis and is critical in metastasis.17–19 In addi-
tion, it has been hypothesized that COVID-19 infection
might be associated with respiratory sequelae, including
pulmonary fibrosis.20 Idiopathic pulmonary fibrosis is a
common comorbidity of lung cancer.21
Clinical Implications of COVID-19 for
Patients With Lung Cancer
COVID-19 Implications for Lung Cancer Diagnosis

COVID-19 poses relevant diagnostic challenges in pa-
tients with lung cancer. Lung cancer screening declined
during the COVID-19 pandemic as a measure to reduce
potential virus exposures and enable the reallocation of
medical resources.22–24 A survey of 116 U.S. lung cancer
screening programs found that 85% of the programs
stopped operating for at least 5 weeks owing to the
pandemic.25 Some public health messages (e.g., not
seeking medical care for mild respiratory symptoms, a
hallmark of initial lung cancer symptoms) exacerbated the
problem. Nevertheless, a recent population-based study
revealed that lung cancer screening rates in the United
States remained stable between 2019 and 2020 and just
under 1 in 15 eligible persons were screened. These data
reflect the large underutilization of low-dose computed
tomography screening before the pandemic, in which only
5% to 6% of adults received screening in 2018.26 A study
of U.S. patients found that the weekly number of patients
diagnosed with having cancer decreased by 46.4% during
the pandemic period (March 1, 2020–April 18, 2020)
when compared with the prepandemic period (January 6,
2019–February 29, 2020). A decrease greater than 25%
was found in the number of patients diagnosed with
having lung cancer, but specific numbers were not dis-
closed.27 Another study found a sharp decline in screen-
ings for breast (91%) and colorectal (79%) cancers in the
United States from March to May of 2020 when compared
with 2019, with a near complete recovery by July 2020.28

As a result of such lung cancer-specific screening delays
and scheduling restrictions, researchers are projecting a
5% increase in lung cancer deaths in the United Kingdom
in the next 5 years.1 These data might be taken with
caution, as other additional factors might affect lung
cancer deaths, including COVID-19 itself, and future
studies need to address this issue. In addition, some
centers have found an increase in the proportion of pa-
tients diagnosed with having more advanced stages of
lung cancer (stages III and IV)29 potentially owing to
delays in seeking medical care during the pandemic.30

When screening resumed, another center found a three-
fold increase in the percent of patients with potentially
malignant lung nodules (29% versus 8%, p < 0.01).22

Whether a more rapid progression of lung cancer in pa-
tients infected with SARS-CoV-2 may have happened and
eventually led to a higher proportion of advanced stages
is undetermined but conceivable. A decline in surgical
activities was recently reported in a survey of thoracic
surgeons in Spain, leading to substantial changes in
standard protocols for early stage cancer and in the pre-
operative workup.31

An additional pandemic-related challenge is concur-
rent diagnosis of lung cancer and COVID-19. For
example, radiographic findings of SARS-CoV-2 infection
in lung cancer may mimic lung cancer progression or
radiation/drug-induced/immune-related pneumonitis as
a complication to anticancer therapies.32 Thus, inter-
preting lung cancer initial diagnosis or clinical status
may in some cases be problematic with the potential of
misdiagnosing the radiographic examinations in patients
with COVID-19–related pulmonary disease.33,34

A significant decline of patient attendance to the
hospitals was initially observed, with a slow return to
prepandemic numbers only after implementation of
infection preventive measures that requested redesign of
health care services to accommodate pandemic pre-
cautions.35–37 Nevertheless, inequalities across patient
subgroups were reported in terms of returning to ex-
pected prepandemic numbers of pathologic cancer di-
agnoses, as recently reported for lung cancer diagnoses
in Northern Ireland.38

Impact of Cancer Therapy on SARS-CoV-2
Infection

In addition to screening delays, patients with lung
cancer experienced treatment delays. In a survey of 356
cancer centers across 54 countries, 88% of centers re-
ported challenges in delivering care during the pandemic
with 46% of cancer centers reporting greater than 10%
of patients missing at least one treatment cycle.39 A
study of 165 patients with cancer being treated at a
Japanese hospital found that 15 patients (9%) had their
treatment delayed owing to COVID-19. Given that Japan
was among the best performing countries that are con-
trolling the pandemic, it is conceivable that a greater
proportion of global patients with cancer experienced
treatment delays.40



Table 2. Impact of Anticancer Treatments on COVID-19 Severity

Summary of Select Studies Exploring the Impact of Cancer Treatments on COVID-19 Severity

Study Country/Countries Cancer Types
Number of Patients
With COVID-19 Key Insights

Grivas et al.42 95% in U.S. All cancer 4966 Recent (past 3 mo) cytotoxic chemotherapy associated with severe
COVID-19 (OR ¼ 1.28) and 30-d mortality (OR ¼ 1.61).
Noncytotoxic anticancer therapies, including immunotherapy,
targeted therapy, and endocrine therapy not associated with
severe COVID-19 nor 30-d mortality

Thoracic 409

Kuderer et al.47 U.S. All cancer 928 No association between 30-d all-cause mortality and recent
surgery, recent noncytotoxic therapy, or recent cytotoxic
systemic therapy

Thoracic 91

Pinato et al.45 UK, Italy, Spain,
and Germany

All cancer 890 No association between cytotoxic chemotherapy, targeted therapy,
or immunotherapy and COVID-19 severity

Lee et al.44 UK All cancer 800 No significant mortality effect for recent (past 4 wk)
chemotherapy, immunotherapy, hormonal therapy, targeted
therapy, or radiotherapy

Respiratory and
intrathoracic organs

90

Mehta et al.78 U.S. All cancer 218 Neither chemotherapy nor radiotherapy associated with
Lung 11 increased case fatality rate

Garassino et al.7 Mostly Italy, Spain,
and France

Thoracic cancer 200 In multivariable analysis, TKIs, chemotherapy, and immunotherapy,
not associated with increased mortality

Luo et al.41 U.S. Lung cancer 102 No observed impact of TKIs or chemotherapy and COVID-19 severity
Luo et al.6 U.S. Lung cancer 69 No significant association between PD-1 blockade and COVID-19

severity

Note: Active cancer treatments do not worsen COVID-19 outcomes in patients with cancer and COVID-19.
COVID-19, coronavirus disease 2019; PD-1, programmed cell death protein-1; TKI, tyrosine kinase inhibitor; U.S., United States; UK, United Kingdom.
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Table 3. Summary of COVID-19 Vaccine Effectiveness in Fully Vaccinated Patients With Cancer

Summary of COVID-19 Vaccine Effectiveness in Fully Vaccinated Patients With Cancer

Study Country/Countries Cancer Types # of Patients or Control Vaccine
# of Patients
or Control % Seroconversion

Median Titer Level
(AU/mL or U/mL)

Gounant et al.61 France Thoracic 269 Mostly BNT162b2 269 94 4725
Control 13 BNT162b2 13 — 10,594

Goshen-Lago et al.49 Israel Various 218 BNT162b2 218 86 —

Lung cancer 43 BNT162b2 43 86 —

Massarweh et al.50 Israel Solid cancers 102 BNT162b2 102 90 1931
Lung cancer 26 BNT162b2 26 92 1334
Control 78 BNT162b2 78 100 7160

Thakkar et al.51 U.S. Various 200 BNT162b2 115 95 5173
Thoracic/head and neck 25 mRNA-1273 62 94 11,963

Ad26.COV2.S 20 85 1121
Control 26 — — — >15,000

Addeo et al.52 Switzerland, U.S. Various 131 BNT162b2 30 93 1232
Thoracic malignancy 18 mRNA-1273 93 95 2500

Barriere et al.5 France Solid cancers 42 BNT162b2 42 95 245
Control — BNT162b2 — 100 2517

Monin et al.53 United Kingdom Various 24 BNT162b2 24 79 —

Control 12 BNT162b2 12 100 —

Note: Two-dose mRNA vaccines are highly effective (w90%) in patients with cancer, though patients with cancer have lower titers than health controls.
#, number; AU, arbitrary unit; COVID-19, coronavirus disease 2019; U.S., United States.
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Most patients with lung cancer undergo some form of
potential immune-modulating therapy (including both
immunosuppressive and immunostimulatory in-
terventions), such as immune checkpoint blockade–
based immunotherapy, chemotherapy, molecular-
targeted therapies, and/or radiotherapy. It is important
to understand whether/how the immune response to
SARS-CoV-2 is influenced by patients receiving immune
checkpoint inhibitors (ICIs) or other immune-
modulating treatments, including steroid therapy. A
retrospective single-center cohort study did not find any
difference in COVID-19 severity in a cohort of patients
with lung cancer diagnosed with having COVID-19 be-
tween March 12, 2020, and April 13, 2020, and stratified
by programmed death-1 (PD-1) blockade exposure.41

These findings were confirmed in the larger registries
of TERAVOLT.7

Most studies so far have found no association be-
tween cancer therapy and increased mortality among
patients with cancer and COVID-19 (Table 2). Never-
theless, one study of 4966 patients with cancer, 409 with
thoracic cancer, found that recent (past 3 mo) cytotoxic
chemotherapy treatments were associated with an
increased risk of severe COVID-19 (OR ¼ 1.28, 95% CI:
1.04–1.58) and 30-day mortality (OR ¼ 1.61, 95% CI:
1.15–2.24). The study found no association between
noncytotoxic anticancer therapies and COVID-19 out-
comes.42 An analysis by the COVID-19 and Cancer Con-
sortium of 928 patients with cancer and COVID-19, 91
with thoracic malignancies and COVID-19, found no as-
sociation between 30-day all-cause mortality and recent
surgery, recent noncytotoxic therapy, or recent cytotoxic
therapy.43 A separate analysis of 800 patients with
cancer, including 90 with respiratory and intrathoracic
cancer, and COVID-19 found no significant effect be-
tween recent (i.e., within 4 wk of a positive SARS-CoV-2
test result) treatment of chemotherapy, immunotherapy,
hormonal therapy, targeted therapy, or radiotherapy and
mortality.44 An additional study of 890 patients with
cancer, 119 with lung cancer, and COVID-19 found that
receiving active cancer therapies was associated with a
lower risk of death for patients with cancer and COVID-
19 (multivariable OR ¼ 0.68, 95% CI: 0.48–1.00, p ¼
0.03).45 The TERAVOLT study found no statistically
significant association between steroid treatment (>10
mg of prednisone) and COVID-19 outcomes among 42
patients with lung cancer and COVID-19 treated with
steroids.7 A study of 69 patients with lung cancer and
COVID-19, 41 with previous PD-1 blockage treatment,
found no association between PD-1 blockage treatment
and COVID-19 severity once adjusting for smoking his-
tory for 5 or more pack years.6 These data are nearly all
from unvaccinated patients. Given increasing vaccination
rates among patients with lung cancer, an important
question today is on how vaccinated patients with lung
cancer will be affected by treatment approaches (see the
vaccine section).
COVID-19 Vaccine Safety and Efficacy in
Patients With Lung Cancer

Global SARS-CoV-2 vaccinations are rapidly rolling
out. Despite the significant burden on patients with lung
cancer, the initial COVID-19 vaccine trials had few, if any,
patient with lung cancer enrolled. Only 3.7% of patients
enrolled in the Pfizer and BioNTech vaccine trial
(BNT162b2) (NCT04368728)46 had cancer listed as a
comorbidity.47 Moderna’s vaccine (mRNA-1273) trial
(NCT04470427) did not list the number of enrolled pa-
tients with cancer. Moderna also excluded study partic-
ipants who received “immunosuppressive” medication
for greater than 14 days in the past 6 months.48 Recent
studies found the COVID-19 vaccine to be safe and
effective on the basis of more than 900 patients with
cancer, including 381 patients with thoracic/head and
neck cancer.5,49–53 An additional study explored the
short-term safety profile of the BNT162b2 vaccine in
134 patients with cancer under immune checkpoint
blockage.54 Early on when vaccines became available,
the COVID-Lung Cancer Consortium recommended spe-
cial vaccination programs for patients with lung
cancer.55

Initial data suggest that COVID-19 vaccines are safe in
patients with lung cancer.5,49–54 The safety profile of
patients with cancer, including those undergoing ICI
treatment, is similar to healthy controls. In addition,
there was no correlation between previous immune-
related adverse events and systemic side effects.54 The
most common side effects were mild (e.g., pain at the site
of injection). These results suggest that administration of
SARS-CoV-2 mRNA vaccines is safe in patients with
cancer, including those treated with immunotherapy,
similarly to other common vaccines, such as seasonal
influenza.56

Initial data suggest that SARS-CoV-2 vaccines are
effective in patients with lung cancer (Table 3). A pro-
spective study from Israel evaluated 102 patients with
solid tumors undergoing active intravenous anticancer
treatment and 78 controls who received the second dose
of the BNT162b2 vaccine at least 12 days before
enrollment. The study revealed that mRNA SARS-CoV-2
vaccines are effective in patients with cancer, after the
second dose, but their effectiveness may be reduced
when compared with healthy individuals (seroconver-
sion 90% versus 100%). Patients with lung cancer (n ¼
24) had a 92% seroconversion rate.50 A follow-up
analysis found that 87% of patients with cancer were
seropositive at a median of 123 days (w5 mo) after the
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second dose (versus 100% for health individuals).57

Another study of 154 patients with cancer, 36 with
lung cancer, found that 6 months after vaccination, 79%
of patients with cancer were seropositive versus 84% of
age-matched controls without cancer.58 Chemotherapy
treatment was associated with lower rates of seroposi-
tivity when compared with biological and immuno-
therapy treatments (73% versus 90%, p ¼ 0.02).58 The
ideal timing for vaccination is still to be defined,
although a recent study revealed that most of the initial
nonresponders had blood collected for immune analysis
7 to 14 days after their most recent treatment with
cytotoxic agents, when a nadir in blood counts and the
peak of myelosuppression from traditional chemo-
therapy agents is observed.59 In a larger study, including
200 patients with cancer who had received full dosing of
a Food and Drug Administration–approved SARS-CoV-2
vaccine (mRNA-1273, BNT162b2, or Ad26.COV2.S), pa-
tients with solid tumors (including 13% with thoracic or
head neck cancers) had a high seroconversion rate
(98%) with those receiving ICIs (97%) or hormonal
therapies (100%) revealing the highest seroconversion
postvaccination. Patients with previous SARS-CoV-2
infection had higher antispike immunoglobulin G titers
postvaccination. Highest immunoglobulin G titers were
found with the mRNA-1273 vaccine (median of 11,963
arbitrary unit [AU]/mL) followed by the BNT162b2
(5173 AU/mL) vaccine and the single-dose Ad26.COV2.S
vaccine (1121 AU/mL).51

Vaccines could potentially be less effective in patients
with lung cancer than in healthy controls. In the Israeli
study, patients with lung cancer (n ¼ 24) had lower
antibody levels (1334 AU/mL) compared with healthy
individuals (7160 AU/mL) and the overall cancer cohort
(1931 AU/mL).50 Furthermore, researchers from En-
gland found poor vaccine efficacy among patients with
cancer after one dose of BNT162b2 (38% seropositivity
in patients with solid tumors versus 94% for the healthy
controls).53 Similarly, a prospective study evaluating the
seroconversion rates and anti–SARS-CoV-2 spike protein
antibody titers after the first and second doses of
BNT162b2 and mRNA-1273 SARS-CoV-2 vaccines in 131
patients with cancer in the United States and Europe
revealed that the seroconversion rates and antibody ti-
ters were significantly lower after the first vaccine dose
compared with those after the second dose in all sub-
groups, confirming the poor antibody response after the
first dose in patients with cancer. Nevertheless, excellent
antibody response at 3 weeks after the second doses
with mRNA SARS-CoV-2 vaccines was observed (94%
seroconversion).52 A pronounced lag in antibody pro-
duction compared with the rate in noncancer controls
was also reported in a recent Israeli study (29% sero-
conversion after the first dose of BNT162b2 vaccine
compared with 84% of the controls, but the seropositive
rate reached 86% in the patients after the second dose).
This study enrolled 45 patients with lung cancer (19%),
43 of whom received a second dose.49 Similarly, the
prospective observational VOICE study has recently
evaluated the impact of immunotherapy, chemotherapy,
and chemoimmunotherapy on immunogenicity and
safety of COVID-19 vaccination in patients treated for a
solid tumor, including a significant proportion of pa-
tients with lung cancer. The study confirmed that mRNA-
1273 vaccine is safe in patients with cancer undergoing
active treatments with a high seroconversion rate, not
inferior to controls. Nevertheless, a significant minority
of the patients does not develop an adequate antibody
response (6.9% in the immunotherapy cohort, 16.2% in
the chemotherapy cohort, and 11.2% in the chemo-
immunotherapy cohort).60 Recently, French in-
vestigators reported the results on 306 patients with
thoracic cancer from the prospective observational
COVIDVAC-OH study investigating SARS-CoV-2 vaccina-
tion’s (mainly mRNA-based vaccines) effectiveness
(NCT04776005).61 They observed only seven mild
COVID-19 cases among 306 vaccinated patients (2.3%),
supporting the efficacy of mRNA COVID-19 vaccines in
patients with thoracic cancer. Of 269 serologic results
available beyond day 14 post-second vaccine dose, 6.3%
were still negative (<50 AU/mL), whereas 11% were
less than 300 AU/mL (12.5th percentile). Lack of im-
munization was associated in a multivariate analysis
with age and long-term corticosteroid treatment. Inter-
estingly, 30 patients with persistent low antibody titers
received a third vaccine dose, resulting in an 88% im-
munization rate.61 These results support the use of a
third dose for patients with lack of immunization after
complete two vaccine doses and could contribute to
appropriate seroprotection in patients still poorly
immunized post-two vaccines.

As novel SARS-CoV-2 virus variants are increasingly
reported, the efficacy of vaccines in preventing SARS-
CoV-2 infections and COVID-19 is a major source of
concerns, especially for the highly transmissible
B.1.617.2 (delta) variant. For instance, British re-
searchers found that BNT162b2 (BioNTech) and ChA-
dOx1 nCoV-19 (AstraZeneca) vaccines are effective
against the delta variant, though their effectiveness is
reduced. Effectiveness against symptomatic disease after
one dose of vaccine was notably lower among persons
with the delta variant (30.7%, 95% CI: 25.2–35.7) than
among those with the alpha variant (48.7%, 95% CI:
45.5–51.7), with similar results for both vaccines. The
second dose of BNT162b2 vaccine was found to be 88%
effective against the delta variant (95% CI: 85.3–90.1)
versus 93.7% effective against the alpha variant (95%
CI: 91.6–95.3). The second dose of ChAdOx1 nCoV-19



Table 4. Key Open Questions on COVID-19 and Lung Cancer

1. Does SARS-CoV-2 infect lung cancer cells and is this infection important in the pathogenesis of COVID-29 disease?
2. Does SARS-CoV-2 infection of the lung in otherwise healthy individuals affect on the future development of lung cancer?
3. Does COVID-19 pulmonary disease affect the clinical behavior of lung cancer in individual patients?
4. Do patients with lung cancer develop inferior immune responses to SARS-CoV-2 natural infection or vaccination?
5. Do clinical characteristics and therapy of lung cancer affect development and severity of COVID-19 and anti–SARS-CoV-2 immune

responses?
6. How can we improve anti–SARS-CoV-2 immune responses in patients with lung cancer?

COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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vaccine was 67% effective against the delta variant (95%
CI: 61.3%–71.8%) versus 74.5% against the alpha
variant (95% CI: 68.4%–79.4%).62 Similarly, preliminary
data reported from the Israel’s Ministry of Health reveal
that the delta variant could negatively affect the capacity
of the BioNTech vaccine to reduce infection trans-
mission.63 Data from Canadian researchers on the
effectiveness of BNT162b2, mRNA-1273, and ChAdOx1
vaccines against symptomatic SARS-CoV-2 infection and
severe outcomes (COVID-19 hospitalization or death)
caused by the alpha (B.1.1.7), beta (B.1.351), gamma
(P.1), and delta (B.1.617.2) variants of concern (VOCs)
were recently reported. The results of this study suggest
that even a single dose of these three vaccines provides
good to excellent protection against symptomatic infec-
tion and severe outcomes caused by the four currently
circulating VOCs and that two doses are likely to provide
even higher protection.64

Another observational study conducted in Scotland
confirmed that ChAdOx1 and BNT162b2 vaccines are
effective in reducing the risk of SARS-CoV-2 infection
and COVID-19 hospitalization in people with the delta
VOC, but these effects on infection seemed to be dimin-
ished when compared with those with the alpha VOC.65

Further data, especially in patients with cancer, are ur-
gently needed.

Importantly, vaccine efficacy has been linked to
antispike antibody titers both from a global perspective
across phase 3 efficacy trials66–68 and recently from an
individual level.69,70 The establishment of a threshold
antibody titer needed for protection will help to guide
patient management because serology tests are widely
available and patients with low antibody responses
could then receive a booster dose. An absolute correlate
of protection will also in general inform policy-making
regarding potential booster doses in nonresponders or
individuals with suboptimal responses as found in some
patients with lung cancer. As a first step to improve
immunity in those who do not respond well, the U.S.
Centers for Disease Control and Prevention has recently
recommended booster doses (a third mRNA vaccine
dose) for immunocompromised and immunosuppressed
individuals.

Nevertheless, although most of the above-mentioned
studies do not specifically apply to lung cancer pop-
ulation(s), many questions have to be answered for this
particular patient group. At Mt. Sinai in New York, a
Center of Excellence for COVID-19 serologic studies was
established through an NCI/SeroNet U-54 grant and in
collaboration with UT Southwestern and University of
Colorado. The center is conducting a large, prospective,
match-controlled study of patients with lung cancer
evaluating their antibody and cellular immune responses
after SARS-CoV-2 vaccination. Initial findings confirm
that most patients with lung cancer mount a good
response to vaccination.71 Nevertheless, a subgroup of
patients did not mount “adequate” antibody response.
The goals of the study are to evaluate the magnitude,
quality, and duration of neutralizing antibody response
after SARS-CoV-2 infection or vaccination and correlate
to cellular immunity in a long-term follow-up program.
COVID-19 Impact on Lung Cancer
Research

Lung cancer clinical research was severely affected
by the COVID-19 pandemic. Overall clinical trial accrual
in May 2020 was 74% compared with the year before.72
Between March and May 2020, the number of patients
enrolled in trials for the Alliance for Clinical Trials in
Oncology declined by more than 50% and only returned
to baseline levels in the fall of 2020.25 A March 2020
survey by the American Society of Clinical Oncology of
32 clinical sites found that 60% of sites halted
screening/enrollment for some clinical trials and ceased
research only visits.72 The American SWOG cancer
research group found an inverse relationship between
local prevalence of COVID-19 and clinical trial enroll-
ment.73 Although no specific data are reported for lung
cancer clinical trials, the International Association for the
Study of Lung Cancer is conducting a global survey study
on COVID-19 and impact on clinical trials.74 Results will
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be presented at the Presidential Symposium at World
Conference on Lung Cancer 21.
Future Perspectives
Although at higher risk of development of severe

COVID-19 disease, patients with lung cancer should
continue their course of cancer treatments. Further lung
cancer-specific investigations are warranted to evaluate
the impact of specific cancer treatments and impaired
COVID-19 outcomes. As part of this, there needs to be
increased vigilance in minimizing the risk of viral spread
in the lung cancer health care delivery arena by vacci-
nating medical staff, using masks and social distancing,
installing appropriate clinic ventilation, and improving
patient access to high-quality cancer care by means of
telemedicine.75

Most importantly, given their vulnerability to se-
vere COVID-19, all people living with lung cancer
should get vaccinated in countries where vaccines are
readily available and vaccine use in patients with
cancer should be prioritized in countries where vac-
cines are scarce. Although the duration of COVID-19
vaccine protection among patients with cancer gener-
ally, and lung cancer in particular, is unknown, the
vaccines are effective and safe.5,49–52,53,61 In addition,
further investigation is needed to determine which
vaccines are most effective in patients with lung can-
cer. Initial data suggest that the single-dose
Ad26.COV2.S vaccine generated lower antibody titers
and lower seroconversion in patients with cancer in
general when compared with the two-dose mRNA
vaccines. Finally, patients with solid tumors receiving
anticancer treatment within one year of their first
mRNA vaccine dose should get a third booster vacci-
nation where available.76

Several clinically significant questions on COVID-19
and lung cancer remain unanswered (Table 4), as fol-
lows: (1) Do patients with lung cancer develop the same
immune response as “healthy” individuals and does this
vary by vaccine type? (2) What is the duration of vaccine
protection in patients with lung cancer? (3) Do specific
cancer therapies influence the response to SARS-CoV-2
vaccinations? (4) If patients with lung cancer have a
lower immunologic response, should a special vaccina-
tion program be developed? What would the program
look like (e.g., extra “boost” of previous given vaccina-
tion? different vaccination platform? routine serologic
monitoring?) (5) Will patients with low or no antibody
response to SARS-CoV-2 vaccination be particularly
vulnerable to new variants? (6) What is required to
assure clinical protection against COVID-19 and which
immunologic components beyond neutralizing antibody
titers need to also be studied, including cellular
immunity and particularly T-cell functions? and (7)
What are the causes and frequency of “breakthrough”
infections in vaccinated patients with lung cancer?

As patients with lung cancer are highly vulnerable to
COVID-19 and many lung cancer therapies (e.g., immune
checkpoint blockade) might limit the generation of an
immune response to the SARS-CoV-2 vaccine, lung
cancer-specific clinical and basic-translational studies
are needed. An additional question is what did we learn
from the pandemic in terms of modifications/mitigation
measures for clinical care and clinical trials, which can
be applied to future practice? As it seems that we will be
dealing with COVID-19 (and a variety of viral VOCs) for
the foreseeable future, both continued collection of
retrospective data, and planning for prospective studies
of mitigation measures taken during COVID 19
pandemic, and clinical pathologic/molecular correlative
studies for SARS-CoV-2 infection and development of
COVID-19 in patients with lung cancer seem essential to
help fill in our current knowledge gaps.

Conclusions
The COVID-19 pandemic reveals that patients with

lung cancer are more susceptible and more likely to
develop more severe COVID-19 disease after SARS-CoV-2
infection. The clinical impact of newly evolved virus
variants is not yet completely known. The biology of lung
cancer, hyperinflammatory milieu, and the uniqueness of
lung cancer treatments make it important to perform
studies specific to lung cancer. Although it is encour-
aging that the initial available data suggest that COVID-
19 vaccines seem to be protective in most patients
with lung cancer, further research is needed to under-
stand the mechanisms underlying SARS-CoV-2 infection,
COVID-19 vaccination, and immunity in patients with
lung cancer to better protect and care for this vulnerable
population. Furthermore, although new virus variants
are emerging, there will be an ongoing need to continue
such studies to understand factors that contribute to
clinical protection of patients with lung cancer. Are some
subgroups more vulnerable than others and what is the
impact of antineoplastic therapies? Further studies on
vaccination in patients with lung cancer are needed to
determine the role of booster vaccination, and to deter-
mine the optimal vaccination programs. The duration of
immunologic protection is another key factor that will
affect on long-term care of patients with lung cancer. To
evaluate antiviral immune protection, it is likely that
routine serologic monitoring for antiviral antibody and
potential antiviral T-cell activity will be required. Like-
wise, detailed studies on the relationship between
vaccination and the efficacy/toxicity of individual cancer
therapies are paramount. Finally, as we consider the
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critical role that immunogenicity plays in lung cancer
pathogenesis and treatment, it is highly likely that
fundamental questions surrounding the intersection of
COVID-19 and cancer will lead to discoveries and
breakthroughs that will positively affect future lung
cancer treatment an-¼d prevention strategies.
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