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ABSTRACT

Cancer is considered to be an independent risk factor for
severe illness and higher mortality in patients with
coronavirus disease 2019 (COVID-19). These adverse
outcomes have been suspected to be more severe in pa-
tients with lung cancer. The objective of this systematic
review and meta-analysis is to outline patient character-
istics, challenges in diagnosis and treatment, and out-
comes of patients with lung cancer with COVID-19. A
comprehensive search was conducted using EMBASE and
PubMed databases using the terms “COVID” and “cancer.”
Studies that reported clinical characteristics or outcomes
of patients with lung cancer with COVID-19 were then
systematically identified. Meta-analysis for COVID-19
related mortality associated with lung cancer compared
with other cancer types was conducted. The results were
reported as OR and confidence intervals using the mixed-
effects logistic regression model. The most frequently
reported clinical findings in patients with lung cancer
with COVID-19 were fever and cough, with 68% and 61%,
respectively. Laboratory and radiographic findings were
consistent with broadly reported data. The meta-analysis
noted a statistically significant increase in mortality rate
in patients with lung cancer compared with other patients
with cancer, with an OR of 1.62 (95% confidence interval:
1.06–2.48). Patients with lung cancer with COVID-19 also
reflected greater severity of illness and higher rates of
intensive care unit admissions and mechanical ventilation.
COVID-19 in patients with lung cancer is associated with
severe disease and increased mortality relative to patients
with other malignancies and the general population.
There is conflicting evidence on the effect of specific lung
cancer treatments on outcomes. Until more definitive data
is available, lung cancer–directed treatment should be
continued or restarted as early as possible in mild to
moderate cases to prevent worsening and cancer-related
mortality.

� 2021 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Keywords: COVID; Cancer; Lung; Mortality
Background
Coronavirus disease 2019 (COVID-19) is an infectious

disease caused by severe acute respiratory syndrome
JTO Clinical and Research Reports Vol. 2 No. 3: 100141

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:monica.peravali@medstar.net
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jtocrr.2020.100141
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jtocrr.2020.100141&domain=pdf


2 Peravali et al JTO Clinical and Research Reports Vol. 2 No. 3
coronavirus 2 and was first identified in Wuhan, Hubei
province, the People’s Republic of China in December
2019.1 Since then, it has rapidly spread worldwide, with
more than 27.3 million cases reported as of September 8,
2020.2 The clinical characteristics of the illness are
highly variable ranging from asymptomatic disease to
mild, self-limiting cases to severe disease requiring
intensive care unit (ICU) admission and mechanical
ventilation.3 Mortality rate is also highly variable, and
several disease-specific markers and preexisting medical
comorbidities have been identified as risk factors for
increased mortality in these patients.3

Cancer is confirmed to be an independent risk factor
for adverse events and mortality in patients with COVID-
19.4-7 Other adverse events, such as the incidence of
intubation and mechanical ventilation use, is also higher
in patients with cancer.5 The impact of COVID-19 infec-
tion on patients with lung cancer was reported in several
studies with increased mortality noted when compared
with other cancer types.6-13 However, many of these
studies were limited to a small cohort of patients with
single-institution experience. Preliminary data from a
large global multicenter observational study of patients
with thoracic malignancy reported mortality rate to be
as high as 33%.14

The objective of this systematic review is to describe
clinical characteristics, challenges in diagnosis, and out-
comes of patients with lung cancer who were confirmed
to have COVID-19 infection. A meta-analysis of COVID-
19–related mortality in patients with lung cancer
compared with patients with other malignancies was
included. We also describe the effects of different lung
cancer–directed treatments on outcomes.
Materials and Methods
This systematic review and meta-analysis was done

in accordance with the guidelines set forth by Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses: the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses statement.15

A comprehensive search was done using EMBASE
and PubMed databases using the words “COVID” and
“cancer.” In addition, the American Society of Clinical
Oncology and the American Association for Cancer
Research 2020 annual meetings were manually
searched for relevant abstracts. A manual search
using other search engines such as Google Scholar
and the references of relevant articles was also
conducted.

Selection Criteria
All case reports, retrospective and observational

studies, and prospective studies that reported clinical
characteristics or outcomes of patients with lung cancer
who acquired COVID-19 infection were included in the
study. Preclinical data, including animal and cell line
studies, reviews, meta-analyses, commentaries, and
guidelines were excluded.

Data Extraction
Two reviewers (MP and IJ) systematically surveyed

titles and abstracts to identify relevant articles for a full
review. An independent review of the selected full-text
articles was conducted using the above-specified selec-
tion criteria. Discrepancies were resolved by consensus
with a third reviewer (CK).

Pertinent clinical data extracted from the selected
studies included patient symptoms, laboratory and
radiographic features, and type of cancer-directed ther-
apy received before infection. Outcomes data, including
the severity of illness, rates of intubation and ICU ad-
missions, and mortality, were also extracted.

Selected studies that contained mortality data of pa-
tients with lung cancer in comparison to other cancer
types were included in the meta-analysis. The remaining
relevant data was synthesized descriptively for the
review.

Statistical Methods
The number of patients with COVID-19 and deaths in

lung cancer or other cancer of each study were used to
evaluate COVID-19–related mortality associated with lung
cancer. The OR was calculated for each study, in which a
continuity correction by adding 0.5 was applied when a
study contains zero events. Mixed-effects logistic regres-
sion model with random study effects was fitted. Confi-
dence intervals (CIs) for the OR were calculated using a t
distribution.16 Study-specific heterogeneity was assessed
using the l2 statistic (0%–100%), in which a lower value
implies less heterogeneity. The between-study variance
tau2 was computed using the maximum likelihood
method and tested for the assumption of homogeneity
using the Wald test. Funnel plot asymmetry was evalu-
ated using Egger’s linear regression test.17 A two-sided p
value of less than 0.05 for OR was determined to be
statistically significant. All statistical analyses were car-
ried out using the meta library in R software version 3.4.

Results
Study Characteristics

A total of 1819 articles were identified after an initial
comprehensive search using large databases, national
meetings, and manual search. A total of 106 full articles
were selected for further review; out of which, 36
studies were chosen for qualitative synthesis for the
review. A total of 12 studies included mortality data for
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Figure 1. PRISMA flow diagram of article selection for qualitative and quantitative synthesis. AACR, American Association for
Cancer Research; ASCO, American Society of Clinical Oncology; PRISMA, Preferred Reporting Items for Systematic Reviews
and Meta-Analyses.
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both patients with lung cancer and other patients with
cancer, and thus, were eligible for the meta-analysis
(Fig. 1).
Patient Characteristics
Clinical Features. The clinical manifestations varied
substantially among patients with lung cancer with
COVID-19 infection. In the largest international cohort of
patients with lung cancer from the Thoracic Cancers
International COVID-19 Collaboration (TERAVOLT) reg-
istry, Garassino et al.14 reported that 12% of total pa-
tients with lung cancer (n ¼ 198) studied had an
asymptomatic disease. Although they reported on both
hospitalized (n ¼ 150) and nonhospitalized patients (n
¼ 48), most of the available data from other studies were
in hospitalized patients.

Several published case reports highlight the het-
erogeneity in clinical presentations in this patient
group.18-23 A summary of frequently reported
symptoms and prevalence among included lung cancer
studies are described in Table 1. Fever and cough were
the most frequently reported clinical findings, with
68% (201 of 295) and 61% (181 of 296) of patients
experiencing these symptoms, respectively. Patients
with lung cancer having COVID-19 also had a wide
range of complications. In a cohort of seven patients
with lung cancer (among 28 patients with cancer),
Zhang et al.22 observed higher rates of anoxia, earlier
development of respiratory symptoms, and more rapid
progression of disease compared with other cancer
types and the general population. Garassino et al.14

found in the TERAVOLT study that the most common
complications were pneumonia or pneumonitis and
acute respiratory distress syndrome, with 80% and
27% of patients experiencing these conditions,
respectively.

Recognition of COVID-19 infection in these patients
poses a particular challenge given the overlapping
symptoms with lung cancer as evidenced by a case



Table 1. Clinical Features of Patients With Lung Cancer with COVID-19 as Reported in Published Studies

Study
Total
Patients

Fever,
N (%)

Cough,
N (%)

Dyspnea, N
(%)

Myalgia, N
(%)

Fatigue, N
(%)

Gastrointestinal
Symptoms,
N (%)

Peng et al. 20208 7 7 (100) 7 (100) 7 (100) — 7 (100) 1 (14)
Rogado et al. 202051 17 12 (71) 17 (100) 13 (77) 5 (29) — 1 (6)
Luo et al. 202042 69 42 (70)a 47 (77)b 43 (73)c — — 13 (22)a

Yu et al. 202010 7 7 (100) 3 (43) 3 (43) — — —

Cai et al. 202025 6 6 (100) 4 (67) 0 (0) 2 (33) 2 (33) 0 (0)
Garassino et al.

202014
200 127 (64)d 103 (52)d 106 (54)d 10 (5)d 54 (27)d 10 (5)d

Total 306 201/295
(68)

181/296
(61)

172/294 (59) 17/221 (8) 63/211 (30) 25/288 (9)

Note: Total patients are defined as the total number of patients with lung cancer and COVID-19 included in the study.
aPercentages are calculated on the basis of 60 patients with reported symptoms in the study.
bPercentage is calculated on the basis of 61 patients with reported symptoms in the study.
cPercentage is calculated on the basis of 59 patients with reported symptoms in the study.
dPercentages are calculated on the basis of 198 patients with reported symptoms in the study.
COVID-19, coronavirus disease 2019.
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reported by Ouyang et al.,19 in which a decision to
change lung cancer treatment was made owing to con-
cerns of disease recurrence, when in fact the patient had
symptoms of COVID-19. COVID-19 in patients with lung
cancer may also be misinterpreted as pneumonitis,
especially if the time frame of symptoms coincides with
the expected adverse effects of their therapies. In these
cases, determining the cause of pneumonitis is essential
because COVID-19–induced pneumonitis is managed
differently from radiation-induced pneumonitis and an
immune checkpoint inhibitor (ICI)–induced pneumo-
nitis. In a case reported by Samson et al.,20 a patient with
SCLC was treated with concurrent chemotherapy and
radiation, after which she developed new-onset cough
and dyspnea within the window of radiation pneumo-
nitis 9 weeks later. However, after testing positive for
COVID-19, she was successfully managed without the
use of steroids. Guerini et al.24 described a patient
with lung adenocarcinoma treated with durvalumab
whose atypical immune-related pneumonitis was suc-
cessfully treated with steroids, after which he devel-
oped worsening respiratory symptoms, subsequently
tested positive for COVID-19, and died of respiratory
failure.

The symptoms of COVID-19 can also overlap with the
usual postoperative clinical course, resulting in a delay
in diagnosis.25 In cases of thoracic surgery, fever and
cough from reactive pleural effusion and atelectasis are
common postoperative symptoms. Dyspnea secondary to
lung resection and chest tightness, fatigue, loss of
appetite, and nausea owing to postoperative analgesics
is also widely observed.26 In a retrospective study of 11
patients with COVID-19 after thoracic surgery conducted
by Peng et al.,8 case fatality was associated with the
degree of surgical resection defined by more than five
resected lung segments. In addition, patients with lung
cancer having COVID-19 after thoracic injury was found
to have a greater incidence of severe illness.8

Radiographic Findings. Computed tomography (CT) of
the chest is an important diagnostic modality for COVID-
19 infection. Studies conducted on patients with cancer
having COVID-19 have observed bilateral lung involve-
ment and peripheral distribution with common radio-
logic patterns, including ground-glass opacities, smooth
or irregular interlobular septal thickening, crazy-paving
pattern, and thickening of adjacent pleura.27 Imaging
findings of COVID-19 infection in patients with lung
cancer include multiple patchy ground-glass opacities
and consolidations.28,29 Garassino et al.14 reported 6.5%
(13 of 200) of their patient cohort had radiologic findings
that were highly suggestive of COVID-19 and ultimately
led to diagnosis despite negative reverse transcriptase–
polymerase chain reaction test. In a cohort of radiation
oncology patients, an asymptomatic patient with lung
cancer tested positive after identification of new bilateral
ground-glass opacities on a CT scan obtained before de-
livery of the first fraction for definitive stereotactic abla-
tive radiotherapy.30 Another study conducted by Peng
et al.8 found that early imaging signs of COVID-19 were
disguised in 11 postoperative thoracic surgery patients
with lung and other cancers, resulting in a 27.3% fatality
rate. Postoperative changes from thoracic surgery may
overshadow early CT signs of COVID infection, and thus,
cannot be used as the sole diagnostic modality. Peng
et al.8 concluded that serial CT imaging to track pro-
gression or resolution of radiologic findings is important.
Cai et al.25 proposed a way to navigate this challenge as
they noted postresection infiltration and effusion mostly
develop in the lung on the surgical side and if symptoms
in contralateral lobe should occur, there should be a high
index of suspicion for infection.
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Alternative imaging techniques are also valuable.
Suppli et al.21 reported a case in which cone beam CT
images, collected as a part of daily radiotherapy imaging,
displayed patchy consolidation in the subpleural region
and middle lobe in a patient with pulmonary adenocar-
cinoma. There was noticeable progression in the after-
treatment fractions, and ground-glass opacities were
visible on cone beam CT images 36 hours before the
patient began to exhibit clinical symptoms of COVID-19.
Therefore, these images, which are routinely collected in
conjunction with the patient’s treatment, can provide
early signs supporting COVID-19 testing and should be
carefully evaluated for radiologic abnormalities. Several
studies have also reported the appearance of COVID-19
in radiographs. Patchy or diffuse interstitial retic-
ulonodular opacities and consolidations with progres-
sive bilateral lung changes are all potential signs of
COVID-19 in patients with lung cancer.21 Observing the
progression of these bilateral lung changes can be an
important prognostic tool.21 Chuang et al.31 also re-
ported a case in which fluorodeoxyglucose-positron
emission tomography findings in a patient with neuro-
endocrine small cell carcinoma suggested COVID-19. The
patient had a favorable treatment response, but imaging
revealed bilateral, multifocal, hypermetabolic ground-
glass opacities, which were suggestive of an infectious
cause. These ground-glass opacities were present in a
crazy-paving pattern. The patient eventually presented
with symptoms and was found to have a positive blood
test result.31

Pathologic Findings. The pulmonary pathological
characteristics of COVID-19 observed in the general
infected population exhibited that of congested and
edematous lungs with patchy involvement and diffuse
consolidation. Microscopically, airway inflammation and
alveolar zones with hyaline membranes and type 2
pneumonocyte hyperplasia were observed.32

The pathologic observations of patients with lung
cancer having COVID-19 were largely reported through
case studies and are generally aligned with these ob-
servations. Tian et al.33 described the accidental patho-
logic samples collected from two patients who
underwent an operation for lung cancer and had COVID-
19 pneumonia but were asymptomatic at the time.
Specifically, the lungs of both of these patients exhibited
edema, proteinaceous exudate, focal reactive hyperplasia
of pneumocytes with patchy inflammatory cell infiltra-
tion, and multinucleated giant cells. In one of the pa-
tients, reactive alveolar epithelial hyperplasia was
observed, and in the other case, fibroblastic proliferation
was seen, which were both indicative of early organi-
zation. Cai et al.25 also observed similar pathologic
findings in their cohort of seven patients with lung
cancer, with the exception of one patient who had
extensive interstitial inflammation with numerous
plasma cells and macrophages infiltrating lung tissues.

Laboratory Findings. Laboratory findings are valuable
prognostic tools in patients with COVID-19 infection. A
meta-analysis by Zhang et al.34 found that the most
prevalent laboratory findings reported in the general
COVID-19 population were increased C-reactive protein
(CRP), hypoalbuminemia, increased lactate dehydroge-
nase (LDH), erythrocyte sedimentation rate, and
interleukin-6 levels, lymphopenia, and decreased eosin-
ophils. In a subgroup analysis, increased CRP, lympho-
penia, and increased LDH were associated with worse
outcomes owing to severe illness.

In a cohort of patients with lung cancer that under-
went thoracic surgery, postoperative reduction in total
protein and albumin were found to be significantly
associated with fatality (p < 0.05).8 An increase in LDH
and liver enzymes also revealed marginal associations
with death (p ¼ 0.05 and p ¼ 0.055, respectively).8 In
the study by Cai et al.,25 four of six patients with lung
cancer were found to have lymphopenia, two of which
had an exaggerated decline. These two patients had se-
vere progression of COVID-19 and subsequently died,
whereas the other four patients remained alive.25 In the
same patient cohort, all six patients also revealed
elevated inflammatory markers such as CRP, D-dimer,
and procalcitonin, all of which are biomarkers associated
with the progression of COVID-19.25,35 These observa-
tions were similar to those reported in the general
population with COVID-19.34,36

Neutropenia is a frequently reported adverse event in
patients with cancer after administration of chemo-
therapy or radiation. The administration of granulocyte-
colony stimulating factor (G-CSF), a treatment option for
neutropenia, in patients with COVID-19 has been hy-
pothesized to have potentially devastating results
because it induces the activation of strong inflammatory
pathways.37 However, no definitive conclusions could be
made owing to the limited availability of clinical evi-
dence, and decisions should be individualized, taking
risk-benefit ratio into account. Two published case re-
ports reported different management strategies for
neutropenic patients with lung cancer and COVID-19.
Sereno et al.38 successfully treated a patient who had
advanced SCLC with grade IV neutropenia and COVID-19
infection by covering for bacterial coinfection, G-CSF, and
dexamethasone. Alternatively, Figuero-Pérez et al.39

successfully treated a 76-year-old man with metastatic
lung adenocarcinoma and febrile neutropenia using only
broad-spectrum antibiotics and respiratory support
owing to controversial reports of G-CSF use. A case se-
ries by Nawar et al.40 noted that three patients with
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Figure 2. A meta-analysis of mortality outcomes in patients with lung cancer compared with patients with other cancer
types. CI, confidence interval.
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cancer with COVID-19 who were administered G-CSF
were observed to have a rising neutrophil-to-lymphocyte
ratio within 24 hours. All three patients suffered respi-
ratory decline within 72 hours of administration.
Mortality Outcomes
A total of 17 articles included COVID-19–related

mortality outcomes in patients with lung cancer, with
rates ranging from 17.7% to 55%.5-14,25,41-46 A total of
12 of these studies included a mortality rate for both
patients with lung cancer and other cancer types, and
thus, were compared in the meta-analysis (Fig. 2).5-
13,41,43,44 Although most of these studies reported
higher rates of mortality in patients with lung cancer,
this was not replicated across all studies.6-13 Pooled
analysis of these trials noted a statistically significant
increase in mortality rate in patients with lung cancer
with OR equal to 1.62 (95% CI: 1.06–2.48). There was no
strong study-specific heterogeneity on the basis of l2

(9%) and tau2 tests, p value equal to 0.79. In addition,
there was no significant funnel plot asymmetry or bias in
the meta-analysis (p ¼ 0.358).

Few studies not included in the meta-analysis re-
ported lung cancer–specific mortality alone. The largest
global registry of thoracic malignancies to date was re-
ported in the ongoing TERAVOLT observational study,
which reported high rates of death at 33% in patients
(n ¼ 200) diagnosed with COVID-19 infection during
their preliminary analysis.14 Univariate analysis
confirmed age greater than 65, current or history of
smoking, the presence of medical comorbidities such as
hypertension and chronic obstructive pulmonary dis-
ease, and treatment with chemotherapy alone increased
the risk of death. Multivariate analysis in this cohort
revealed that only smoking history was associated with
an increased risk of death. A case series of six patients
with lung cancer reported a similar mortality rate of
33.3%.25 In another cohort of 69 patients with lung
cancer, the rate of death was reported to be lower at
24% among 67 patients with available data; however,
59% of these patients were found to be exposed to ICI,
posing the question if ICI therapy is associated with less
mortality.42 This was further highlighted in the TERA-
VOLT study by Garassino et al.,14 who also reported no
association with increased mortality in the 23% of pa-
tients who received ICI alone on univariate analysis, with
an OR for death equal to 1.385 (95% CI: 0.524–3.639).

Another large study by Pinato et al.,45 which included
890 patients with cancer (of which 119 were patients
with lung cancer), graphically represented an unadjusted
mortality rate close to 40% (exact rate not given) in
patients with lung cancer with both active and treated
disease. In a series of 138 patients with cancer, nine of
which had lung cancer, Pinto et al.46 reported an OR for
death of 0.78 (95% CI: 0.16–3.74), suggesting no in-
crease in mortality for patients with lung cancer. Lara
Álvarez et al.47 did not have lung cancer–specific mor-
tality; however, the highest rates of deaths at 53% (8 of
15) in patients with cancer (n ¼ 36) were in the lung
cancer subtype.
Other Outcomes
Severity of Illness. Nine studies reported on the
severity of infection in patients with lung cancer with
COVID-19 infection, with rates of severe infection
ranging from 20% to 71.4%.8,11,22,42,48-52 The small
sample of patients in these cohorts precluded meta-
analysis of the data. The severity of illness was defined
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differently among these studies. Higher severity of
infection has been reported in all but two of the seven
studies that compared rates with other patients with
cancer.8,11,22,48-50,52 Whereas in the study by Ma et al.,49

the rates of severe illness were close at 50% (4 of 8)
versus 54% (20 of 37) in lung cancer and other patients
with cancer, respectively, the results of a smaller study
by Liang et al.48 revealed a larger variation with only 20%
(1 of 5) severe illness noted in patients with lung cancer
compared with 50% in other cancer types (9 of 18).

ICU Admissions and Mechanical Ventilation. Criteria
for hospitalization, ICU admission, and mechanical
ventilation vary on the basis of the institutional policy of
the centers in which the studies were conducted. The
TERAVOLT study defined the criteria for ICU admission
as needing more intensive monitoring, ventilation, or
resuscitation.14 The rate of ICU admissions was reported
to be higher in patients with lung cancer versus other
cancer types at 27.3% versus 19%, respectively, as noted
in a retrospective study by Dai et al.11 Out of the 22
patients with lung cancer, four (18.2%) required me-
chanical ventilation. Four other lung cancer–only studies
ranging from small case series to larger retrospective
cohorts reported highly variable rates in ICU admis-
sions.14,25,42,51 In the largest cohort of patients with lung
cancer from the TERAVOLT cohort, the ICU admission
rate was low at 9% of hospitalized patients and only 6%
required mechanical ventilation.14 In contrast, the study
by Luo et al.,42 which included 69 patients with lung
cancer (with most patients having previous exposure to
programmed cell death protein 1 blockade), reported a
higher ICU admission rate of 21.7%, and 18.8% required
mechanical ventilation. Similarly, ICU admission rates
varied greatly from 0% in a series of 17 patients with
lung cancer (13 of which were hospitalized) to 33.3%
(all requiring mechanical ventilation) in a series of six
patients.25,51

Treatment-Related Outcomes. In the TERAVOLT
cohort, the type of treatment did not affect mortality on
multivariate analysis; however, treatment with chemo-
therapy alone increased the risk of mortality in univar-
iate analysis, with an OR equal to 2.54 (95% CI: 1.09–
6.11). Higher rates of hospitalization were also seen in
patients being treated with chemotherapy alone (33%)
compared with patients on ICI alone (25%) or tyrosine
kinase inhibitor alone (16%).14 Luo et al.42 studied the
effect of ICI on outcomes of patients with lung cancer
diagnosed with COVID-19 infection. The authors
concluded no increase in disease severity (described as a
composite score of ICU admissions, intubation, transition
to do-not-intubate, and death) in 41 patients (59%) with
previous exposure to ICI.42 In the study by Stroppa
et al.43 four of eight patients with lung cancer were on
ICI therapy; these patients had a moderate disease
course with favorable outcomes and no deaths. In
contrast, a study by Robilotti et al.50 reported higher
severity of illness at 58.3% in patients receiving ICI from
their cohort of 35 patients with lung cancer and
concluded ICI therapy on multivariate analysis as an
independent risk factor for an increase in hospitalization
(OR ¼ 2.84 [95% CI: 1.24–6.72]) and increase in severity
of respiratory illness (OR ¼ 2.74 [95% CI: 1.37–5.46]).
Similarly, Dai et al.11 observed high rates of death 33.3%
(2 of 6 patients) and high chances of developing critical
symptoms 66.7% (4 of 6) in patients receiving ICI among
all cancer types; no lung cancer–specific data for ICI
treatment–related outcomes were reported. Similarly,
Zhang et al.22 noted patients with cancer (not specific to
lung) who received antitumor treatment, ICI, chemo-
therapy, radiation, or tyrosine kinase inhibitor treatment
within 14 days before COVID-19 diagnosis developed
severe events defined as admission to ICU, requiring
mechanical ventilation, or death, with a hazard ratio
equal to 2.38 (95% CI: 0.80–7.04), although it was not
quite statistically significant (p ¼ 0.118).
Discussion
COVID-19 is an infectious disease with a variable

clinical course and worse reported outcomes in patients
with certain preexisting comorbid conditions. Observa-
tions from several studies confirm active malignancy as
an independent risk factor for increased severity of
illness and mortality from COVID-19 infection.4-7 To our
knowledge, this is the first systematic review and meta-
analysis outlining the clinical course and adverse out-
comes caused by COVID-19 infection in patients with
thoracic malignancies. Our meta-analysis concludes an
increase in mortality in patients with lung cancer with
COVID-19 infection compared with patients with other
cancers who were infected, with an OR equal to 1.62
(95% CI: 1.06–2.48). Whereas further analysis was
precluded owing to a lack of available individual patient
data, potential confounding factors for this increased
risk of mortality include smoking history, increased age,
medical comorbidities, and specific lung cancer treat-
ments, which were all found to have associations with
mortality in the TERAVOLT observational study. A larger
scale, prospective studies should be conducted to better
understand how these factors are implicated in patients
of various disease stages, genetic profiles, and histologic
subtypes.

Similar to the general population with COVID-19
infection, a variable clinical course is also noted in
infected patients with lung cancer. However, higher rates
and severity of respiratory complications compared with
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the general population or other cancers are noted and
likely a result of worse baseline lung function from
smoking or underlying changes from lung cancer itself.14

Moreover, the substantial overlap of clinical and radio-
graphic features with a lung cancer diagnosis, post-
operative course, and common adverse effects from
treatments raises a particular challenge for early diag-
nosis.17,18,22-24 Distinguishing COVID-19 symptoms from
ICI-pneumonitis or radiation pneumonitis is important
given that treatment varies and level of observations
differ. After a similar challenge noted in their case,
Guerini et al.24 proposed testing for COVID-19 in all
patients that present with suspicious symptoms,
regardless of the possibility of ICI or radiation pneu-
monitis. We found laboratory and radiographic findings
in patients with lung cancer to be consistent with re-
ported data in other malignancies or the general popu-
lation of patients with COVID-19.

After the diagnosis of COVID-19 infection, another
challenging decision is to halt or continue treatment.
Outcomes varied considerably regardless of the decision
to hold or continue treatment depending on the type of
lung cancer treatment the patient was receiving.18,20,21,23

A study published by a group at Memorial Sloan Ket-
tering Cancer Center revealed poorer outcomes with ICI,
whereas chemotherapy and surgery did not confer
increased risk.50 Guerini et al.24 also reported a case
with poor outcomes after treatment with ICI and ste-
roids. Proposed mechanisms include T-cell hyper-
activation and release of cytokines from immune
checkpoint inhibition resulting in the exaggerated injury
of lung epithelial cells.11,50 However, all of these studies
included a small population of patients. In contrast,
Garassino et al.,14 in their large registry of patients with
lung cancer with COVID-19 concluded increased mor-
tality with chemotherapy in univariate analysis with no
adverse effect from ICI therapy. Additional data with
larger patient numbers, however, is warranted before
making conclusive decisions on whether certain treat-
ments should be stopped or continued. In addition,
whether the length and timing of different therapies
administered in these patients have an impact on mor-
tality or adverse outcomes has yet to be determined and
should be further studied.

Our study was limited by data gathered from small
series and observational studies. Considerable hetero-
geneity exists in the type of articles available for our
review, ranging from case reports to small observational
studies. In addition, the conclusions of our meta-analysis
are limited by the unavailability of sufficient patient-level
data to conduct further analysis to understand how
comorbidities, disease stage, and patient characteristics
play a role in the increased mortality rate in this group.
Consequently, we could not definitively determine
whether overlap was present in the patient data reported
in the various studies we included for meta-analysis.
Given the relatively new onset of the pandemic with
evolving information regarding the severe acute respira-
tory syndrome coronavirus 2 virus and the scope of this
review, these limitations are unavoidable.

Conclusions
Clinical characteristics, laboratory, and radiographic

findings were similar in patients with lung cancer having
COVID-19 compared with the general population. How-
ever, certain challenges to diagnosis do exist given the
underlying abnormal lung pathological findings or sec-
ondary to surgical or treatment-related changes. COVID-
19 infection in patients with lung cancer is associated
with increased mortality compared with other malig-
nancies. The severity of illness, specifically respiratory
complications, rates of ICU admissions, and mechanical
ventilation, are also higher. Increased risk of adverse
outcomes based on the type of treatment received is,
however, controversial, with ICI increasing risk in some
studies and chemotherapy in others. Until more definitive
data is available, lung cancer–directed treatment should
not be held in mild to moderate cases and should be
restarted as soon as safely possible in severe cases of
COVID-19 infection.
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