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Simple Summary: The coronavirus disease (COVID-19) pandemic has increased morbidity and mor-
tality in the general population. Patients with cancer have immune dysfunction due to the use of
immunosuppressive agents, poor nutritional status, or the direct effects of the tumor on the reactivity
of the immune system, making oncological patients more susceptible to severe disease and death. In
this systematic review and meta-analysis, we evaluated whether lung cancer increases the risk of severe
COVID-19 and the risk of dying from the disease. We found that mortality in patients with lung cancer
was significantly higher than that in control patients (HR = 2.00 [95%CI 1.52, 2.63], p < 0.01) or with
other malignancies (HR = 1.91 [95%CI 1.53, 2.39], p < 0.01). In addition, we also observed a higher risk of
severe infection in patients with lung cancer (HR = 1.47 [95%CI 1.06, 2.03], p = 0.02). We suggest that, in
this setting, vaccine use may be considered a useful and mandatory measure to save lives.

Abstract: Introduction: The outbreak of COVID-19 poses an unprecedented challenge to global public
health. Patients with cancer are at a higher risk during the SARS-CoV-2 pandemic. Patients with lung
cancer and COVID-19 were compared to those without cancer and those with other malignancies for the
main outcome of this study. The aim of this study was to evaluate the differences in susceptibility, disease
severity, and mortality between lung cancer patients and the general population. Methods: Using PRISMA
reporting guidelines, we conducted a systematic review and meta-analysis of the published literature. The
Cochrane Library database, PubMed, EMBASE, and PubMed Central were comprehensively searched for
published papers until 31 May 2022. A pooled risk ratio (OR) with 95% CI was presented as the result of
this meta-analysis. Results: We included 29 studies involved 21,257 patients with lung cancer and SARS-
CoV-2 infection. Analysis data showed that mortality in patients with lung cancer was significantly higher
than that in patients without cancer (HR = 2.00 [95%CI 1.52, 2.63], p < 0.01) or with other malignancies
(HR =1.91 [95%CI 1.53, 2.39], p < 0.01). In addition, we also observed a higher risk of severe infection
in terms of life-threatening or required ICU admission/mechanical ventilation for lung cancer patients
(HR =1.47 [95%CI 1.06, 2.03], p = 0.02) than for patients with no cancer or other malignancies. Regarding
lung cancer as a risk factor for acquiring SARS-CoV-2 infection, we could not reach statistical significance
(hazard ratio [HR] =2.73 [95%CI 0.84, 8.94], p = 0.1). Conclusion: Lung cancer represents an important
comorbidity and modifies COVID-19 prognosis in terms of disease severity and mortality. More
patients experience severe or even fatal events. Considering their inherent fragility, patients with
lung cancer, and generally all oncological populations, should be treated more carefully during the
COVID-19 pandemic.

Keywords: COVID-19; lung cancer; risk; mortality; meta-analysis

1. Introduction

The outbreak of a global pandemic due to coronavirus disease 2019 (COVID-19), which is
caused by a novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), represents
an unprecedented crisis in global public health. Hospital mortality rate is estimated
approximately at 15-20% but increases to 40% in the cohort of patients who require ICU
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admission [1]. The clinical spectrum of COVID-19 ranges from asymptomatic infection to
severe respiratory failure and death [2].

Cancer patients comprise a heterogeneous population because they have various risk
factors for the development of clinical complications and severe disease due to coagula-
tion disorders (hypercoagulability), immunological impairment, and immunosuppressive
curative/palliative treatments [3,4].

Despite the accumulation of real-world data and evidence, the effect of cancer on
COVID-19 outcomes has not been fully characterized. Numerous meta-analyses have
evaluated mortality in cancer patients with COVID-19 to obtain accurate mortality risk
estimates, but these have potential bias in study selection and data aggregation, such as the
lack of adjusted survival estimates, non-cancer controls, or laboratory-confirmed infection
as inclusion criteria. However, all these studies demonstrated an increased mortality rate
in cancer patients who acquired SARS-CoV-2 infection.

In this study, we performed a systematic review and meta-analysis of the risks of COVID-
19, severe disease, and mortality in patients with lung cancer. The lung is also a principal target
of SARS-CoV-2. Evidence proves that SARS-CoV-2 enters the host cell through the SARS-CoV
receptor, ACE2. A clinically tested inhibitor of the cellular serine protease TMPRSS2, which is
involved in the priming of the SARS-CoV-2 S protein, can block viral penetration into the cell.
SARS-CoV infects pneumocytes and macrophages in lungs [5].

However, SARS-CoV-2 spread has been observed in the extrapulmonary region be-
cause ACE2 is not only expressed in the lungs [6].

Nadalin et al. explored the association between nicotine dependence and the inser-
tion/deletion (I/D) polymorphism of ACE in patients with lung cancer and demonstrated
a correlation between this type of polymorphism and the risk of nicotine dependence and
smoking severity in patients with lung cancer [7]. However, another review showed that
ACE I/D polymorphism is not associated with the risk of lung cancer [8].

Therefore, there may be no common target among diseases; however, patients with
cancer commonly have immune dysfunction due to the use of immunosuppressive agents,
poor nutritional status, or direct effects of the tumor on the reactivity of the immune
system [9]. This makes oncological patients more susceptible to severe respiratory diseases
and more likely to die.

This study aimed to determine whether lung cancer is a poor prognostic factor
for COVID-19.

2. Material and Methods

The systematic review followed the recommendations of the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA). The protocol has not been registered.

2.1. Search Strategy and Literature Search

PubMed, EMBASE, and The Cochrane Library databases were searched for articles
published until 31 May 2022. Duplicate publications were identified and removed from
the references of these articles. The search strategy included the following terms: (“lung
cancer” or “lung carcinoma”) and (COVID-19).

2.2. Study Selection

All titles and abstracts were independently screened by two authors (FP and SO) after
the initial search. The inclusion criteria were any retrospective, case-control, or cohort study
with or without a control group (defined as patients without lung cancer but with COVID-
19 infection) that (1) was published in English, (2) included patients with lung cancer and
confirmed or suspected COVID-19 infection, and (3) reported outcome (mortality) and/or
severity compared with non-cancer patients or no lung cancer patients reported.

In addition, studies were excluded if they had fewer than 10 patients, conference
papers, abstracts, or preprints; if full-text articles could not be retrieved; and if they
involved animals or children. The authors selected the studies with the largest and most
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updated cohorts among those reporting an overlapping series. Discrepancies were resolved
through consensus.

2.3. Data Extraction and Quality Assessment

Two of us (FP and SO) independently extracted the following data: first author, study
type, country of data collection, median follow up, patient’s treatment and stage, and
unadjusted and adjusted odds ratios (ORs) or risk ratios (RRs) for severe disease and
death for lung cancer patients. The quality of the included studies was assessed using the
Newcastle-Ottawa scale. Publication bias across studies was assessed using the ROBINS
tool for nonrandomized studies.

2.4. Outcomes and Statistical Analysis

The main outcome of interest was survival in patients with lung cancer and COVID-19.
We compared survival in patients with lung cancer and COVID-19 infection with (1) control
patients with no cancer and COVID-19 infection, and (2) patients with other cancers and
COVID-19 infection. The results of this meta-analysis were presented as pooled risk ratios
(ORs) with 95% confidence intervals (ClIs).

Additionally, we conducted a meta-analysis of infection severity in patients with and
without lung cancer. Patients with lung cancer were also assessed for infection risk.

Between-study statistical heterogeneity was quantified according to the random-effects
heterogeneity parameter tau, and I2 statistics (the percentage of variance in effect estimates due
to statistical heterogeneity rather than sampling error) were calculated for all meta-analyses.

To estimate between-study heterogeneity, all meta-analyses were conducted using a
random-effects model, with limited maximum likelihood to account for statistical hetero-
geneity due to variability in study design and participant characteristics. The 12 statistic
was used to quantify statistical heterogeneity.

Meta-analyses were performed with the RevMan software. A 2-sided p < 0.05 indicated
statistical significance.

3. Results

The initial search retrieved 171 articles for review (Figure 1). After the inclusion
of records that were identified through additional sources and the removal of duplicate
articles, a total of 29 studies [10-38] were included in this systematic review and meta-
analysis. Except for the series by Wang et al., which included patients who received
anti-COVID vaccines, all other series had their observation period in the pre-vaccine
months. All patients had active cancers and were receiving or had recently received active
anti-neoplastic treatments (either systemic therapies alone or with radiotherapy). Stage
was not specified or was reported for all cancer types. All studies included lung cancer
patients except in 2 studies where all thoracic malignancies were observed. However, in
these studies, only a minority had mesothelioma (4 and 6%, respectively).
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Figure 1. Flow diagram of included studies.

3.1. Characteristics of Included Studies

The 29 studies involved 21,257 patients with lung cancer and SARS-CoV-2 infection
(Table 1; Figure 1) and consisted of 6 prospective, 1 cohort, 2 retrospective/prospective
studies, 1 cross-sectional study, and 19 retrospective studies. In terms of study origin, 5
were from Asia, 9 from America (including Brazil), 14 from Europe, and 1 was a multicentric
international study.
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Table 1. Characteristics of included studies.

N° Risk of
Lung COVID  Severe Mortality . Bias
Author/Year Type of Study Country Cancer Follow Up (HR, Disease % Quality (ROBINS)
pts 95%CI)
Assad et al., 2020 [10] Retrospective study France 42 Median 25 days NR NR T 6 Low
Aveyard et al., 2021 Retrospective cohort « P
[11] study UK 60 NR NR 0 0 5 Low
Basse et al., 2020 [12] Prospective study France 18 28 days NR NR T# 6 Low
Beltramo et al., 2020 Retrospective cohort France 977 NR NR _* . 5 Low
[13] study
Benderra et al., 2021 Retrospective cohort France 85 30 days NR NR . 6 Low
[14] study
Bernard et al., 2021 Retrospective cohort France 873 NR NR NR . 5 Low
[15] study
Chen et al., 2022 [16] Cohort study USA 10,346 NR NR NR 17 5 Low
. Retrospective .
Dai et al., 2020 [17] multicenter study China 31 53 days NR T T 7 Low
De Joode et al., 2022 Prospective cohort Netherland 117 NR NR NR 18 6 Low
[18] study
Farooquag’i al., 2021 Prospective study Pakistan 159 At least 30 days NR NR 178 6 Moderate
Fernandes et al., 2021 Retros.pectlve Brazil 18 NR NR NR 4 “$ 5 Low
[20] cross-sectional study
Ferrari et al., 2022 [21] Prospective study Brazil 16 Median 61 days NR NR T™# 7 Low
. Cross-sectional and .
Garassino et al,, 2020 longitudinal cohort ~ International 200 Median 15 days NR NR 1T 6 Low
[22] (IQR 8-24)
study
Retrospective .
Jee et al., 2020 [23] observational study USA 29 NR NR T NR 5 Low
Khusid et al., 2021 Retrospective cohort USA 14 NR NR _ . 5 Low
[24] study
Kim et al., 2022 [25] Retrospective study USA 887 At least 30 days NR 17 17 7 Low
Lee et al., 2020 [26] ProsPectlve UK 90 Max 39 days NR NR = 7 Low
observational study
s Retro-prospective . . %o
Lievre et al., 2020 [27] cohort study France 311 Median 34 days NR T T 7 Low
Retrospective,
Nader Martaetal, ;0 ingfitute cohort  Brazil ) NR NR NR 48 6 Low
2021 [28]
study
. South “g
Oh et al., 2021 [29] Retrospective study Korea 769 NR NR NR T 6 Low
Ozdemir et al., 2021 . Median 50 days 5
[30] Retrospective study Turkey 157 (min 1- max 74) NR NR 0 7 Low
Not
Preda et al., 2022 [31] Retrospective study Romania 66 NR NR NR signifi- 6 Low
cant
Retrospective . s
Song et al., 2020 [32] multicenter study China 61 NR NR NR T 8 Low
Varnai et al., 2022 [33] Pr"SpeSCtt;‘éey“’hO“ UK 265 NR NR NR 1 5 Low
Wang et al., 2020 [34] Retrospective USA 140 NR 4 NR NR 5 Low
case-control study
Wang et al., 2022 [35] Retros?:gg; cohort g 2849 NR 4 NR NR 6 Low
Retrospective cohort South . . .
Yang et al., 2021 [36] study Korea 362 NR T T T 4 Low
Yarza et al., 2020 [37] Ret“"s},’tf;ge““’e Spain 17 NR NR 4 178 6 Low
Retrospective
Zorzi et al., 2021 [38] population-based Italy 2256 NR =" NR 1+ 6 Low
study

* Multivariate analysis; ° compared with non-thoracic cancer; # compared to breast cancer; " compared to colorectal
cancer; $ compared to other cancers; ** compared to small cell lung cancer, = similar, 1 increased.

3.2. Infection Risk of Patients with Lung Cancer vs. Control Patients

Only 4 studies [34-36,38] reported this data. Overall, a diagnosis of lung cancer increased
the risk of COVID-19 infection (HR = 2.73 [95%C1 0.84, 8.94], p = 0.1; Figure 2).
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Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Wang 2020 2.036 0.0409 253% 7.66 [7.07,8.30] =
Wang 2022 05481 0.0728 25.3% 1.73[1.50, 2.00] -
Yang 2021 0.4121 01854 247% 1.51 [1.05,2.17]
Zorzi 2021 -0.1985 01767 24.7% 0.82[0.58,1.186]

Total (95% ClI)

Heterogeneity: Tau®=1.21; Chi*= 466.01, df= 3 (P < 0.00001); F= 99%

100.0% 2.03 [0.68, 6.01]

0.005 0.1 1 10 200

Test for overall effect: Z=1.27 (P=0.20) reduced risk increased risk

Figure 2. Forest plot for risk of infection in lung cancer patients.

3.3. Severity of COVID-19 with Lung Cancer

Nine studies [13,17,23-25,27,31,36,37] reported the risk of severe infection (life-threatening
or requiring ICU admission/mechanical ventilation) in patients with lung cancer compared
to non-lung cancer patients. Lung cancer diagnosis increased the risk of severe disease (HR =
1.47 [95%CI1.06, 2.03], p = 0.02; Figure 3). Compared with other cancers, severity is increased
(HR=1.391,1.93], p = 0.05).

Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% Cl
Beltramo 2021 -0.2614 01024 181% 077063, 0.94] -

Dai 2020 1.454 [.55458 6.0% 428[1.44,12.72]

Jee 2020 06931 02606 131% 2.00([1.20,3.33] —

kirm 2022 03001 009583 183% 1368112, 163 -

kusid 2021 -0.0101 066249 17% 0.99 [0.27, 3.63] D

Liewvra 2020 04055 01968 15.2% 1.50[1.02, 2.21] el

Preda 2022 03075 03537 102% 136 [0.68, 272 1T

Yang 2021 0.8065 03722 9.7% 2.241.08, 4.64] —

Yarza 2020 05933 0.6667 46% 1.81[0.49, 6.649] S E—

Total (95% CI) 100.0% 1.47 [1.06, 2.03] L 3

Heterogeneity: Tau®= 0.14; Chi®= 32.94, df= 2 (P = 0.0001), F=76% ID o DI1 150 1DD=
Testfor overall effect 2= 234 (P=0.02) reduced severity increased severity

Figure 3. Forest plot for risk of severe infection in lung cancer patients.

3.4. Mortality of Patients with Lung Cancer vs. Control Patients

Fourteen papers [10,11,13,14,16,17,24-27,29,30,33,37] reported the risk of mortality in
patients with respiratory or lung cancers. The risk of death was double in patients with
cancer compared with those without cancer (HR =2.00 [95%CI1.52, 2.63], p < 0.01; Figure 4).
All studies reported HR adjusted for multivariate analysis except for the study by Assad
et al. After exclusion of this study, risk of death remained significant even in multivariate
analysis (HR = 1.85 [95%CI 1.4, 2.44], p < 0.01).
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Study or Subgroup

log[Hazard Ratio]

Hazard Ratio

SE Weight IV, Random, 95% Cl

Hazard Ratio
IV, Random, 95% CI

Assaad 2020
Avevard 2021
Beltrarmo 2021
Benderra 2021
Chen 2022
Dai 2020

Kirm 2022
kusid 2021
Lee 2020
Lievre 2020
Ok 2021
Qzdemir 2021
YWarnai 2022
Yarza 2020

Total (95% Cl)

15454 01987 95%  4.68[3.24, 6.79] -
0571 01307 9.3%  1.77[1.37,2.29] -
13007 00699 98%  367[3.20,4.21] -
05068 02485  77%  1.66[1.02, 2.70] —=—
0.2852 0188  85%  1.33[0.92,1.97 ™
13533 06803  30% 387 [1.02, 1465
06152 0.0805 98%  1.85[1.58 2.17] -
0.892 04302 532%  2.44[1.05 567 ——
04055 0255 76%  1.50(0.91,2.47] ™
00853 02162  81%  1.10[0.72,1.68] -+
05988 04194  53%  1.82(0.80,4.14] T—
06678 03778  58%  1.95[0.93, 4.09] —
04574 01801  87%  1.58[1.11,2.25) =
0.8544 07139 28%  2.35(0.58, 9.52) —
100.0%  2.00 [1.52, 2.63] &
Heterogeneity: Tau?= 0.19; Chi*= 10018, df= 13 (F = 0.00001%; P= 87% i o i o

Test for overall effect: Z=4.99 (P = 0.00001)

Study or Subgroup

reduced mortality increased mortality

Figure 4. Forest plot for risk of mortality in lung cancer patients.

3.5. Mortality of Patients with Lung Cancer vs. Non Lung Cancer Patients

In patients with lung cancer, mortality due to COVID-19 infection was also higher

than that due to other cancers (HR = 1.91 [95%CI 1.53, 2.39], p < 0.01; Figure 5).

log[Hazard Ratio]

Hazard Ratio

SE Weight IV, Random, 95% Cl

Hazard Ratio
IV, Random, 95% CI

Basse 2020
Bernard 2021
de Joode 2022
Faroogue 2021
Fernandes 2021
Ferrari 2022
Garassing 2020
kusid 2021
Mader Marta 2021
Sang 2020
Zorzi 2021

Total (95% Cl)

Heterogeneity: Tau®= 0.02; Chi*=11.88 df=10{P=0.29; F= 16%
Test for overall effect £= 563 (P = 0.00001)

1.2669 055834  4.0% 3.55[1.20,10.50]

0E931 01139 375% 2.00[1.60,2.40] =
05933 02538 14.8% 1.81 [1.09,3.01] —
-0.0305 0333 4.7% 0.87[0.50,1.88] -

1.3987 045631 3.8%
07419 06392 31%
Do9s 0429 B.4%
0.4253 05605  3.9%
07884 03823 T7E8%
05068 07443 23%
1.2669 041895 B7%

4.05[1.33,12.37]
210 [0.60, 7.35] —
1.02 [0.44, 2.36] —
1.53[0.51, 4.59] —
2.20[1 .04, 4.55]
1.66[0.39,7.14] —
3.55 [1.56,9.08]

R —
P
—
—_—

100.0% 1.91 [1.53, 2.39]

0.002 01 10 500
reduced mortality increased mortality

Figure 5. Forest plot for risk of mortality in lung cancer compared with other malignancies.

4. Discussion

In this study, we present a systematic review of the literature on the link between
lung cancer and COVID-19 in terms of susceptibility, severity of disease, and mortality.
We achieved a large sample size, including 29 studies involving 21,257 patients from a
wide range of countries. We found that lung cancer was an independent prognostic factor
for survival in COVID-19 infected patients. Although many subgroups of lung cancer
were included in these series, all studies pooled them together and did not split outcomes
according to histology (non-small cell vs. small-cell lung cancers).

According to two previous meta-analyses on SARS-CoV-2 infection and cancer [39,40],
lung neoplasm is associated with an increased risk of severe COVID-19 or death compared
with control patients without infection. However, we expanded the published evidence
and increased the number of included studies, reaching more than 20,000 cases of lung
cancer patients.
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Poor prognosis could be explained by chronic compromised clinical status, comorbidi-
ties (for example, respiratory disease in active or former smokers), immunocompromised
state caused by cancer or its therapies, supportive medications such as steroids, and mal-
nutrition. We do not know whether lung cancer enhances susceptibility to SARS-CoV-2,
and we cannot reach statistical significance in this study. It will be interesting to define
whether it represents an independent risk factor or if increased susceptibility is determined
by common risk factors (smoking history, pollution, and chronic pulmonary disease).

Several studies have observed that oncological patients who recently received cancer
treatment, such as chemotherapy, targeted therapy, or immunotherapy, had significantly
higher COVID-19-related mortality rates than those who did not receive recent treat-
ment [41]. These data demonstrate a role of oncological treatment in SARS-CoV-2 mortality.
Unfortunately, the study included in this meta-analysis did not specify whether patients
were in active treatment or not and when they received the last dose of treatment.

A study published in Seminars in Oncology in 2020 [42] demonstrated that the in-
cidence of SARS-CoV-2 infection in patients affected by melanoma after treatment with
immune-checkpoint inhibitors was lower than that in the overall Italian population as a
control. Therefore, immunotherapy seems to have a positive effect and should be continued
without delay in most patients, reserving precautionary delay only in frail people.

In addition to the acute morbidity and mortality from COVID-19, it is important to
highlight that recent evidence shows reduced access to oncological treatments due to the long-
term consequences of COVID-19, which affects approximately 15% of cancer patients [43].

The emergency horizon linked to the rapid spread of SARS-CoV-2 is wider than the
complications related to viral infections in patients with cancer.

The SARS-CoV-2 pandemic involved all levels of cancer care, including screening,
diagnosis, and active oncological treatment [44]. According to data from other cancers,
in 2020, there was a drop in new lung neoplasm diagnosis [45,46]: undiagnosed cancer
diseases are expected to emerge at a more advanced stage and have the worst prognosis in
the following years. These patients represent an excess of mortality among cancer patients
in the future.

In addition, many studies have shown an important delay in cancer treatment that
requires appropriate changes in treatment decisions [47,48]. During the pandemic, on-
cologists” hot topic was to ensure the continuum of care: oncologic departments were
substantially reorganized in the management and maintenance of life-saving treatments.

The data included in this meta-analysis were obtained during the pre-vaccination
phase of the SARS-CoV-2 pandemic. This scenario could be deeply upset by universal
vaccination and immunity boosting. A recent European study supported novel evidence
regarding the clinical efficacy against COVID-19 morbidity, mortality and sequelae of SARS-
CoV-2 vaccines in a large real-world population of patients with cancer [49]. Despite new
variants, such as Omicron, patients with cancer remain highly susceptible to SARS-CoV-2
if they are not vaccinated against SARS-CoV-2. The probable pathogenicity of different
variants in patients with cancer remains an open question. Additionally, we were unable to
explore the potential outcomes of the SARS-CoV-2 variants because this information was
not available.

As a result of the available data, this systematic review has a number of limitations,
including: (1) heterogeneity in the definition of COVID-19 severity; (2) retrospective nature
of most studies (19 of 29); (3) variable follow-up times; (4) poor descriptions of control
cohorts; and (5) no details on the cancer treatment, stage of disease, and histology of lung
cancer. A large sample of the population with different geographies suggests that the SARS-
CoV-2 pandemic has been managed differently in every nation in terms of prevention and
control. Arayici et al. [39] suggested that different pandemic management and lifestyles
can lead to increased or decreased susceptibility to cancer or SARS-CoV-2 infection and
explained the heterogeneity of the collected data.
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The studies included in this systematic review did not provide any details about COVID-
19 variants. Most of the included papers refer to the analysis conducted in 2020, at which
point B.1.1.7 (alpha), B.1.351 (beta), and B.1.617.2 (delta) variants were in circulation [50].

5. Conclusions

This systematic review and meta-analysis showed that lung cancer is an important
comorbidity that modifies COVID-19 prognosis in terms of disease severity and mortality.
This probably represents a risk factor for acquiring SARS-CoV-2 infection. This increased
susceptibility could be explained by pathogenic mechanisms but also by the greater fre-
quency of hospital access of oncological patients. Therefore, during the pandemic, it was
necessary to find a compromise guaranteeing the continuum of care of cancer patients
without exposing them to high risks. Thus, these data represent an important lesson for the
recrudescence of the new pandemic.

An important step in unborn studies is to evaluate COVID- 19 mortality among
vaccinated cancer patients to understand the contribution of mass vaccination campaigns
to relieving this threat. It would be important to stratify patients according to the type
of vaccine received, the number of doses received, and the time of vaccination because it
could modify the antibody response.
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writing—original draft preparation, EP. and S.O.; writing—review and editing, EP. and S.O.; super-
vision A.L., G.D., K.B,, M.C.P, M.G,, L.D., M.C. All authors have read and agreed to the published
version of the manuscript.

Funding: NONE to declare.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Wiersinga, W.J.; Rhodes, A.; Cheng, A.C.; Peacock, S.].; Prescott, H.C. Pathophysiology, Transmission, Diagnosis, and Treatment
of Coronavirus Disease 2019 (COVID-19): A Review. JAMA 2020, 13, 782-793. [CrossRef]

2. Zhou, F; Yu, T; Du, R;; Fan, G.; Liu, Y;; Liu, Z,; Xiang, J.; Wang, Y.; Song, B.; Gu, X.; et al. Clinical course and risk factors for mortality
of adult inpatients with COVID-19 in Wuhan, China: A retrospective cohort study. Lancet 2020, 395, 1054-1062. [CrossRef]

3.  Addeo, A,; Friedlaender, A. Cancer and COVID-19: Unmasking their ties. Cancer Treat. Rev. 2020, 88, 102041. [CrossRef] [PubMed]

4. Xiong, B,; Liu, T; Luo, P; Wei, Y,; Zhou, Y,; Liu, M.; Zhang, Y.; Wang, H.; Zhang, X.; Wang, X.; et al. Prominent Hypercoagulability
Associated With Inflammatory State Among Cancer Patients With SARS-CoV-2 Infection. Front. Oncol. 2020, 10, 1345. [CrossRef]
[PubMed]

5. Shieh, W.-].; Hsiao, C.-H.; Paddock, C.D.; Guarner, J.; Goldsmith, C.S.; Tatti, K.; Packard, M.; Mueller, L.; Wu, M.-Z.; Rollin, P,;
et al. Immunohistochemical, in situ hybridization, and ultrastructural localization of SARS-associated coronavirus in lung of a
fatal case of severe acute respiratory syndrome in Taiwan. Hum. Pathol. 2005, 36, 303-309. [CrossRef] [PubMed]

6. Ding, Y,; He, L.; Zhang, Q.; Huang, Z.; Che, X.; Hou, J.; Wang, H.; Shen, H.; Qiu, L.; Li, Z.; et al. Organ distribution of severe
acute respiratory syndrome(SARS) associated coronavirus(SARS-CoV) in SARS patients: Implications for pathogenesis and virus
transmission pathways. J. Pathol. 2004, 203, 622—630. [CrossRef]

7. Nadalin, S.; Flego, V.; Pavli¢, S.D.; Volari¢, D.; Badovinac, A.R.; Kapovi¢, M.; Risti¢, S. Association between the ACE-1/D
polymorphism and nicotine dependence amongst patients with lung cancer. Biomed. Rep. 2020, 13, 58. [CrossRef]

8. Chen, J.; Sun, M,; Zhou, M,; Lu, R. Associations between I/D polymorphism in the ACE gene and lung cancer: An updated
systematic review and a meta-analysis. BMC Cancer 2021, 21, 158. [CrossRef]

9. Zembower, T.R. Epidemiology of Infections in Cancer Patients. In Infectious Complications in Cancer Patients; Stosor, V., Zembower,
T.R., Eds.; Springer International Publishing: Berlin/Heidelberg, Germany, 2014; pp. 43-89. [CrossRef]

10. Assaad, S.; Avrillon, V.; Fournier, M.-L.; Mastroianni, B.; Russias, B.; Swalduz, A.; Cassier, P,; Eberst, L.; Steineur, M.-P.; Kazes, M.;

et al. High mortality rate in cancer patients with symptoms of COVID-19 with or without detectable SARS-CoV-2 on RT-PCR. Eur.
J. Cancer 2020, 135, 251-259. [CrossRef]


http://doi.org/10.1001/jama.2020.12839
http://doi.org/10.1016/S0140-6736(20)30566-3
http://doi.org/10.1016/j.ctrv.2020.102041
http://www.ncbi.nlm.nih.gov/pubmed/32516704
http://doi.org/10.3389/fonc.2020.01345
http://www.ncbi.nlm.nih.gov/pubmed/32766161
http://doi.org/10.1016/j.humpath.2004.11.006
http://www.ncbi.nlm.nih.gov/pubmed/15791576
http://doi.org/10.1002/path.1560
http://doi.org/10.3892/br.2020.1365
http://doi.org/10.1186/s12885-021-07825-5
http://doi.org/10.1007/978-3-319-04220-6_2
http://doi.org/10.1016/j.ejca.2020.05.028

Cancers 2022, 14, 5706 10 of 11

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Aveyard, P; Gao, M.; Lindson, N.; Hartmann-Boyce, ].; Watkinson, P; Young, D.; Coupland, C.A.C; Tan, P.S; Clift, A.K.; Harrison,
D.; et al. Association between pre-existing respiratory disease and its treatment, and severe COVID-19: A population cohort
study. Lancet Respir. Med. 2021, 9, 909-923. [CrossRef]

Basse, C.; Diakite, S.; Servois, V.; Frelaut, M.; Noret, A.; Bellesoeur, A.; Moreau, P.; Massiani, M.-A.; Bouyer, A.-S.; Vuagnat, P;
et al. Characteristics and Outcome of SARS-CoV-2 Infection in Cancer Patients. JNCI Cancer Spectr. 2021, 5, pkaa090. [CrossRef]
[PubMed]

Beltramo, G.; Cottenet, J.; Mariet, A.-S.; Georges, M.; Piroth, L.; Tubert-Bitter, P.; Bonniaud, P.; Quantin, C. Chronic respiratory
diseases are predictors of severe outcome in COVID-19 hospitalised patients: A nationwide study. Eur. Respir. |. 2021, 58, 2004474.
[CrossRef] [PubMed]

Benderra, M.-A.; Aparicio, A.; Leblang, J.; Wassermann, D.; Kempf, E.; Galula, G.; Bernaux, M.; Canellas, A.; Moreau, T.; Bellamine,
A.; et al. Clinical Characteristics, Care Trajectories and Mortality Rate of SARS-CoV-2 Infected Cancer Patients: A Multicenter
Cohort Study. Cancers 2021, 13, 4749. [CrossRef] [PubMed]

Bernard, A.; Cottenet, J.; Bonniaud, P.; Piroth, L.; Arveux, P,; Tubert-Bitter, P.; Quantin, C. Comparison of Cancer Patients to
Non-Cancer Patients among COVID-19 Inpatients at a National Level. Cancers 2021, 13, 1436. [CrossRef] [PubMed]

Chen, U.-I; Xu, H.; Krause, T.M.; Greenberg, R.; Dong, X.; Jiang, X. Factors Associated With COVID-19 Death in the United States:
Cohort Study. JMIR Public Health Surveill. 2022, 8, €29343. [CrossRef] [PubMed]

Dai, M.-Y.; Chen, Z.; Leng, Y.; Wu, M,; Liu, Y.; Zhou, E; Ming, C.; Shao, N.; Liu, M.; Cai, H. Patients With Lung Cancer Have High
Susceptibility of COVID-19: A Retrospective Study in Wuhan, China. Cancer Control 2020, 27, 1073274820960467. [CrossRef]

de Joode, K;; Tol, J.; Hamberg, P.; Cloos, M.; Kastelijn, E.A.; Borgers, ].S.; Nuij, VJ.; Klaver, Y.; Herder, G.J.; Mutsaers, P.G.; et al.
Life-prolonging treatment restrictions and outcomes in patients with cancer and COVID-19: An update from the Dutch Oncology
COVID-19 Consortium. Eur. J. Cancer 2021, 160, 261-272. [CrossRef]

Farooque, I.; Farooque, U.; Karimi, S.; Syed, M.U.S.; Nadeem, Z.; Zulfiqar, A.; Mustafa, S.; Farooque, R.; Sultan, A.A.; Hassan,
S.A. Clinical Presentations and Outcomes of Coronavirus Disease 2019 in Patients with Solid Tumors. Cureus 2021, 13, e15452.
[CrossRef]

Fernandes, G.A.; Feriani, D.; e Silva, LL.A.F,; e Silva, D.R.M.; Arantes, P.E.; Canteras, ].D.S.; da Silva, R.R.; Curado, M.P. Differences
in mortality of cancer patients with COVID-19 in a Brazilian cancer center. Semin. Oncol. 2021, 48, 171-180. [CrossRef]

Ferrari, B.L.; Gil Ferreira, C.; Menezes, M.; De Marchi, P.; Canedo, J.; de Melo, A.C.; Jacome, A.A.; Reinert, T.; Paes, R.D.; Sodré, B.;
et al. Determinants of COVID-19 Mortality in Patients with Cancer From a Community Oncology Practice in Brazil. JCO Glob.
Oncol. 2021, 7, 46-55. [CrossRef]

Garassino, M.C.; Whisenant, J.G.; Huang, L.-C.; Trama, A.; Torri, V.; Agustoni, F.; Baena, J.; Banna, G.; Berardi, R.; Bettini, A.C,;
et al. COVID-19 in patients with thoracic malignancies (TERAVOLT): First results of an international, registry-based, cohort study.
Lancet Oncol. 2020, 21, 914-922. [CrossRef]

Jee, ].; Foote, M.B.; Lumish, M.; Stonestrom, A.].; Wills, B.; Narendra, V.; Avutu, V.; Murciano-Goroff, Y.R.; Chan, J.E.; Derkach, A.;
et al. Chemotherapy and COVID-19 Outcomes in Patients with Cancer. J. Clin. Oncol. 2020, 38, 3538-3546. [CrossRef] [PubMed]
Khusid, J.; Becerra, A.Z.; Gallante, B.; Sadiq, A.S.; Atallah, W.M.; Badani, K.K.; Gupta, M. Cancer, Mortality, and Acute Kidney
Injury among Hospitalized Patients with SARS-CoV-2 Infection. Asian Pac. ]. Cancer Prev. 2021, 22, 517-522. [CrossRef] [PubMed]
Kim, Y.; Zhu, L.; Zhu, H.; Li, X,; Huang, Y.; Gu, C.; Bush, H.; Chung, C.; Zhang, G.-Q. Characterizing cancer and COVID-19
outcomes using electronic health records. PLoS ONE 2022, 17, €0267584. [CrossRef] [PubMed]

Lee, L.Y.W.; Cazier, ].-B.; Angelis, V.; Arnold, R; Bisht, V.; Campton, N.A.; Chackathayil, J.; Cheng, V.W.T.; Curley, H.M,; Fittall,
M.W.T; et al. COVID-19 mortality in patients with cancer on chemotherapy or other anticancer treatments: A prospective cohort
study. Lancet 2020, 395, 1919-1926. [CrossRef]

Liévre, A.; Turpin, A.; Ray-Coquard, I.; Le Malicot, K.; Thariat, J.; Ahle, G.; Neuzillet, C.; Paoletti, X.; Bouché, O.; Aldabbagh, K,;
et al. Risk factors for Coronavirus Disease 2019 (COVID-19) severity and mortality among solid cancer patients and impact of the
disease on anticancer treatment: A French nationwide cohort study (GCO-002 CACOVID-19). Eur. J. Cancer 2020, 141, 62-81.
[CrossRef]

Marta, G.N.; Bonadio, R.C.; Sejas, O.N.E.; Watarai, G.; Machado, M.C.M.; Frasson, L.T.; Moniz, C.M.V,; Ito, R K.D.L.; Peixoto, D.;
Hoff, C.O.; et al. Outcomes and Prognostic Factors in a Large Cohort of Hospitalized Cancer Patients with COVID-19. JCO Glob.
Oncol. 2021, 7, 1084-1092. [CrossRef]

Oh, TK,; Song, I.-A. Impact of coronavirus disease-2019 on chronic respiratory disease in South Korea: An NHIS COVID-19
database cohort study. BMC Pulm. Med. 2021, 21, 12. [CrossRef]

Ozdemir, N.; Dizdar, O.; Yazici, O.; Aksoy, S.; Dede, D.S.; Budakoglu, B.; Metan, G.; Alp, A.; Budakoglu, LL; Oksiizoglu, B.; et al.
Clinical features and outcomes of COVID-19 in patients with solid tumors: Turkish National Registry Data. Int. J. Cancer 2020,
148, 2407-2415. [CrossRef]

Preda, A.; Ciuleanu, T.; Kubelac, P.; Todor, N.; Balacescu, O.; Achimas-Cadariu, P; Iancu, D.; Mocan, C.; Bandi-Vasilica, M.; Lupse,
M.; et al. Outcomes of patients with cancer infected with SARS-CoV-2: Results from the Ion Chiricuta Oncology Institute series.
ESMO Open 2022, 7, 100423. [CrossRef]

Song, K.; Gong, H.; Xu, B.; Dong, X.; Li, L.; Hu, W.; Wang, Q.; Xie, Z.; Rao, Z.; Luo, Z.; et al. Association between recent oncologic
treatment and mortality among patients with carcinoma who are hospitalized with COVID-19: A multicenter study. Cancer 2020,
127,437-448. [CrossRef]


http://doi.org/10.1016/S2213-2600(21)00095-3
http://doi.org/10.1093/jncics/pkaa090
http://www.ncbi.nlm.nih.gov/pubmed/33604509
http://doi.org/10.1183/13993003.04474-2020
http://www.ncbi.nlm.nih.gov/pubmed/34016619
http://doi.org/10.3390/cancers13194749
http://www.ncbi.nlm.nih.gov/pubmed/34638235
http://doi.org/10.3390/cancers13061436
http://www.ncbi.nlm.nih.gov/pubmed/33801131
http://doi.org/10.2196/29343
http://www.ncbi.nlm.nih.gov/pubmed/35377319
http://doi.org/10.1177/1073274820960467
http://doi.org/10.1016/j.ejca.2021.10.009
http://doi.org/10.7759/cureus.15452
http://doi.org/10.1053/j.seminoncol.2021.01.003
http://doi.org/10.1200/GO.20.00444
http://doi.org/10.1016/S1470-2045(20)30314-4
http://doi.org/10.1200/JCO.20.01307
http://www.ncbi.nlm.nih.gov/pubmed/32795225
http://doi.org/10.31557/APJCP.2021.22.2.517
http://www.ncbi.nlm.nih.gov/pubmed/33639668
http://doi.org/10.1371/journal.pone.0267584
http://www.ncbi.nlm.nih.gov/pubmed/35507598
http://doi.org/10.1016/S0140-6736(20)31173-9
http://doi.org/10.1016/j.ejca.2020.09.035
http://doi.org/10.1200/GO.21.00087
http://doi.org/10.1186/s12890-020-01387-1
http://doi.org/10.1002/ijc.33426
http://doi.org/10.1016/j.esmoop.2022.100423
http://doi.org/10.1002/cncr.33240

Cancers 2022, 14, 5706 11 of 11

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Varnai, C.; Palles, C.; Arnold, R.; Curley, H.M.; Purshouse, K.; Cheng, V.W.T.; Booth, S.; Campton, N.A.; Collins, G.P.; Hughes,
D.J.; et al. Mortality Among Adults With Cancer Undergoing Chemotherapy or Immunotherapy and Infected With COVID-19.
JAMA Netw. Open 2022, 5, €220130. [CrossRef] [PubMed]

Wang, Q.; Berger, N.A.; Xu, R. Analyses of Risk, Racial Disparity, and Outcomes Among US Patients With Cancer and COVID-19
Infection. JAMA Oncol. 2021, 7, 220. [CrossRef] [PubMed]

Wang, W.; Kaelber, D.C.; Xu, R.; Berger, N.A. Breakthrough SARS-CoV-2 Infections, Hospitalizations, and Mortality in Vaccinated
Patients with Cancer in the US between December 2020 and November 2021. JAMA Oncol. 2022, 8, 1027. [CrossRef] [PubMed]
Yang, B.; Choi, H.; Lee, S.-K.; Chung, S.J.; Yeo, Y.; Shin, Y.M.; Park, D.W,; Park, T.S.; Moon, J.-Y.; Kim, T.-H.; et al. Risk of
Coronavirus Disease 2019 Occurrence, Severe Presentation, and Mortality in Patients with Lung Cancer. Cancer Res. Treat. 2021,
53, 678-684. [CrossRef]

Yarza, R.; Bover, M.; Paredes, D.; Lopez-Lopez, F.; Jara-Casas, D.; Castelo-Loureiro, A.; Baena, J.; Mazarico, ] M.; Folgueira, M.D.;
Meléndez-Carmona, M.; et al. SARS-CoV-2 infection in cancer patients undergoing active treatment: Analysis of clinical features
and predictive factors for severe respiratory failure and death. Eur. J. Cancer 2020, 135, 242-250. [CrossRef]

Zorzi, M.; Guzzinati, S.; Avossa, F.; Fedeli, U.; Calcinotto, A.; Rugge, M. SARS-CoV-2 Infection in Cancer Patients: A Population-
Based Study. Front. Oncol. 2021, 11, 4146. [CrossRef]

Arayici, M.E,; Kipcak, N.; Kayacik, U.; Kelbat, C.; Keskin, D.; Kilicarslan, M.E.; Kilinc, A.V; Kirgoz, S.; Kirilmaz, A.; Kizilkaya,
M.A; et al. Effects of SARS-CoV-2 infections in patients with cancer on mortality, ICU admis-sion and incidence: A systematic
review with meta-analysis involving 709,908 participants and 31,732 cancer patients. J. Cancer Res. Clin. Oncol. 2022, 14, 1-14.
Khoury, E.; Nevitt, S.; Madsen, W.R.; Turtle, L.; Davies, G.; Palmieri, C. Differences in Outcomes and Factors Associated with
Mortality among Patients with SARS-CoV-2 Infection and Cancer Compared with Those without Cancer: A Systematic Review
and Meta-analysis. JAMA Netw. Open 2022, 5, €2210880. [CrossRef]

Tang, L.V.; Hu, Y. Poor clinical outcomes for patients with cancer during the COVID-19 pandemic. Lancet Oncol. 2020, 21, 862-864.
[CrossRef]

Pala, L.; Conforti, F.; Saponara, M.; De Pas, T.; Giugliano, F; Sale, E.O.; Jemos, C.; Rubatto, M.; Agostini, A.; Quaglino, P; et al.
Data of Italian Cancer Centers from two regions with high incidence of SARS CoV-2 infection provide evidence for the successful
management of patients with locally advanced and metastatic melanoma treated with immunotherapy in the era of COVID-19.
Semin. Oncol. 2020, 47, 302-304. [CrossRef] [PubMed]

Pinato, D.J.; Tabernero, J.; Bower, M.; Scotti, L.; Patel, M.; Colomba, E.; Dolly, S.; Loizidou, A.; Chester, J.; Mukherjee, U.; et al.
Prevalence and impact of COVID-19 sequelae on treatment and survival of patients with cancer who recovered from SARS-CoV-2
infection: Evidence from the OnCovid retrospective, multicentre registry study. Lancet Oncol. 2021, 22, 13. [CrossRef]

Jones, D.; Neal, R.D.; Duffy, S.R.; Scott, S.E.; Whitaker, K.L.; Brain, K. Impact of the COVID-19 pandemic on the symptomatic
diagnosis of cancer: The view from primary care. The Lancet Oncology 2020, 21, 3. [CrossRef]

London, J.W.; Fazio-Eynullayeva, E.; Palchuk, M.B.; Sankey, P.; McNair, C. Effects of the COVID-19 Pandemic on Can-cer-Related
Patient Encounters. JCO Clin. Cancer Inform. 2019, 9, 657-665.

Cantini, L.; Mentrasti, G.; Russo, G.; Signorelli, D.; Pasello, G.; Rijavec, E.; Russano, M.; Antonuzzo, L.; Rocco, D.; Giusti, R.; et al.
Evaluation of COVID-19 impact on DELAYing diagnostic-therapeutic pathways of lung cancer patients in Italy (COVID-DELAY
study): Fewer cases and higher stages from a real-world scenario. ESMO Open 2022, 7, 100406. [CrossRef]

Sha, Z.; Chang, K.; Mi, J.; Liang, Z.; Hu, L.; Long, F.; Shi, H,; Lin, Z.; Wang, X.; Pei, X. The impact of the COVID-19 pandemic on
lung cancer patients. Ann. Palliat. Med. 2020, 9, 3373-3378. [CrossRef]

Bertaglia, V.; Reale, M.L.; Bironzo, P.; Palesandro, E.; Mariniello, A.; Leone, G.; Tabbo, F.; Bungaro, M.; Audisio, M.; Rapetti, S.;
et al. Ttalian survey on the clinical management of non-small cell lung cancer patients during the COVID-19 pandemic: A lesson
for the second wave. Crit. Rev. Oncol. 2020, 157, 103189. [CrossRef]

Pinato, D.J.; Ferrante, D.; Aguilar-Company, J.; Bower, M.; Salazar, R.; Mirallas, O.; Sureda, A.; Bertuzzi, A.; Brunet, ].; Lambertini,
M.; et al. Vaccination against SARS-CoV-2 protects from morbidity, mor-tality and sequelae from COVID-19 in patients with
cancer. Eur. ]. Cancer 2022, 12, 64-74. [CrossRef]

Siddiqui, S.; Alhamdi, HW.S.; Alghamdi, H.A. Recent Chronology of COVID-19 Pandemic. Front. Public Health 2022, 10, 778037.
[CrossRef]


http://doi.org/10.1001/jamanetworkopen.2022.0130
http://www.ncbi.nlm.nih.gov/pubmed/35188551
http://doi.org/10.1001/jamaoncol.2020.6178
http://www.ncbi.nlm.nih.gov/pubmed/33300956
http://doi.org/10.1001/jamaoncol.2022.1096
http://www.ncbi.nlm.nih.gov/pubmed/35394485
http://doi.org/10.4143/crt.2020.1242
http://doi.org/10.1016/j.ejca.2020.06.001
http://doi.org/10.3389/fonc.2021.730131
http://doi.org/10.1001/jamanetworkopen.2022.10880
http://doi.org/10.1016/S1470-2045(20)30311-9
http://doi.org/10.1053/j.seminoncol.2020.07.010
http://www.ncbi.nlm.nih.gov/pubmed/32883537
http://doi.org/10.1016/S1470-2045(21)00573-8
http://doi.org/10.1016/S1470-2045(20)30242-4
http://doi.org/10.1016/j.esmoop.2022.100406
http://doi.org/10.21037/apm-20-1662
http://doi.org/10.1016/j.critrevonc.2020.103189
http://doi.org/10.1016/j.ejca.2022.04.036
http://doi.org/10.3389/fpubh.2022.778037

	Introduction 
	Material and Methods 
	Search Strategy and Literature Search 
	Study Selection 
	Data Extraction and Quality Assessment 
	Outcomes and Statistical Analysis 

	Results 
	Characteristics of Included Studies 
	Infection Risk of Patients with Lung Cancer vs. Control Patients 
	Severity of COVID-19 with Lung Cancer 
	Mortality of Patients with Lung Cancer vs. Control Patients 
	Mortality of Patients with Lung Cancer vs. Non Lung Cancer Patients 

	Discussion 
	Conclusions 
	References

