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Abstract
Background: The COVID-19 pandemic is predicted to significantly affect patients with lung cancer, owing to its
rapid progression and high mortality. Studies on lung cancer diagnosis and treatment during an epidemic are
lacking. We analyzed the impact of COVID-19 on lung cancer diagnosis in Korea, where lung cancer incidence
continues to rise.
Methods: The number of newly diagnosed lung cancer cases in three university-affiliated hospitals during the
pandemic and their clinical features were compared with lung cancer cases diagnosed during the same period in
the past 3 years. The effectiveness of measures taken by the study hospitals to prevent nosocomial transmission
was reviewed.
Results: A total of 612 patients were diagnosed with lung cancer from February through June, 2017–2020. During
the pandemic, the number of patients who sought consultation at the division of pulmonology of study hospitals
dropped by 16% from the previous year. Responding to the pandemic, the involved hospitals created physically
isolated triage areas for patients with acute respiratory infection symptoms. Wide-range screening and preventive
measures were implemented, thus minimizing the delay in lung cancer diagnosis. No patient acquired COVID-19
due to hospital exposure. The proportion of patients with stage III–IV non-small-cell lung cancer (NSCLC)
significantly increased (2020: 74.7% vs. 2017: 57.9%, 2018: 66.7%, 2019: 62.7%, p = 0.011). The number of lung
cancers diagnosed during this period and the previous year remained the same.
Conclusions: The proportion of patients with advanced NSCLC increased during the COVID-19 pandemic.
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Background
Severe acute respiratory syndrome coronavirus 2 (SARSCoV-2), first discovered in Wuhan, China, spread
throughout neighboring Asian countries and has become
a global pandemic [1]. Aside from the social and
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economic impacts of coronavirus disease 2019 (COVID19), the repercussions of this pandemic on the public
health and healthcare systems cannot be fully assessed
solely based on the number of cases and deaths declared
by each country. According to a recent British report,
approximately 12,000 additional deaths not associated
with the virus occurred since the pandemic, compared
with the previous year [2]. This suggests that patients
with chronic and severe acute diseases were restricted
from availing healthcare services. In the United States,
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the number of brain imaging tests performed to diagnose stroke dropped by 39% during the COVID-19 pandemic. Furthermore, a study reported that hospital
admissions due to acute myocardial infarction declined
by 48% [3, 4]. The incidence of out-of-hospital cardiac
arrest reportedly increased [5]. Furthermore, there were
concerns that cancer was underdiagnosed [6]. The decrease in the number of cancer diagnoses was observed
and can be attributed to both presentational delay (the
reduced number of patients seeking consult in healthcare facilities or referrals from primary clinics) and delays in the diagnostic process.
Our researchers were also able to see a decrease in the
number of patients presenting to the hospital. The Korean government policy was to refrain from using the
hospital unless a severe symptom developed; the continuous warnings through broadcasts potentially caused
hesitations in necessary healthcare visits [7]. Cancer progression due to delayed diagnosis of lung cancer must
reduce a patient’s chance of curative radical surgery. The
study aimed to appropriately assess the impact of the
COVID-19 pandemic on lung cancer diagnosis and indirectly assess the preventive measures taken by the involved hospitals in South Korea, where lung cancer
incidence continues to rise. This study will provide pilot
data for the development of preventive measures during
the COVID-19 pandemic and other future epidemics of
emerging infectious diseases.

Methods
The epidemiology of patients with lung cancer was analyzed using the lung cancer cohorts at three teaching
hospitals affiliated with Hallym University Medical Center [8, 9]. Each hospital is a 1000-bed healthcare facility.
The process for lung cancer diagnoses at the hospitals
included the first referral of patients suspected with lung
cancer by primary healthcare facilities or health examination centers and initial presentation to the outpatient
clinic or emergency department with their respiratory
symptoms. During the COVID-19 pandemic, the hospitals implemented measures to prevent nosocomial transmission among patients and healthcare providers. All
data were analyzed retrospectively.
On January 20, 2020, the first case of COVID-19 was
confirmed in South Korea. Since then, national health
authorities have responded to the rapid spread of the
virus by raising the infectious disease alert level on
January 27, 2020. Preventive measures such as banning
entry from Hubei, China, since February, reinforced personal hygiene (universal masking), and social distancing
practices were implemented. Therefore, we defined the
period of collateral effect of the COVID-19 pandemic
from February to June, when the national prevention
policies were lowered. Newly diagnosed patients with
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lung cancer during this period were compared with patients diagnosed during the same period in the previous
years. The inclusion criteria were: 1) patients, aged 18
years or older, who were diagnosed with pathological
lung cancer between February and June during 2017–
2020 and 2) presence of either small cell lung cancer
(SCLC) or non-small cell lung cancer (NSCLC). The exclusion criteria were 1) metastatic cancer or uncontrolled cancer of a different organ, 2) recurrent lung
cancer, 3) lymphoma, thymic cancer, and malignant
pleural mesothelioma, and 4) radiological suspicion
without pathologic diagnosis. To analyze the changes in
availing healthcare services during the COVID-19 pandemic, we analyzed the weekly number of outpatients in
the study hospital.
Statistical analysis

The collected data were analyzed using SPSS Statistics
for Windows, version 26.0 (IBM Corp., Armonk, NY,
USA). Statistical analyses were performed using twotailed P values < 0.05. Clinical features and relevant variables of patients with lung cancer diagnosed during the
COVID-19 pandemic and patients with lung cancer diagnosed in previous years were compared using the chisquare test and t-test. The number of newly diagnosed
patients with lung cancer was tallied in weekly intervals
by year and month, and the changes in these numbers
were comparatively analyzed with those of previous
years. The number of patients by lung cancer subtype
and stage was compared before and after the pandemic
using the chi-square test or linear by linear association.
The number of pulmonology outpatients was compared
with that of the previous year using the same method.

Results
Data of 169 patients with lung cancer diagnosed during
the COVID-19 pandemic between February and June
2020 and 443 patients diagnosed between February and
June during 2017–2019 were analyzed (Table 1). The
mean age of the entire study population was 69.1 ± 10.7
years, and 69.3% were male. Histologically, 532 (86.9%)
patients had NSCLC, while 80 (13.1%) had SCLC. There
were no significant differences in age, performance status (ECOG), smoking history, and cancer subtypes between the two groups.
Fig. 1 shows the trends in the daily number of confirmed COVID-19 cases in South Korea and the number
of outpatients who presented to the pulmonology clinic
of the study’s hospital. In South Korea, COVID-19 cases
spiked from the third week of February. During this
period, the number of pulmonology outpatients at the
study hospital dropped by 16% from the previous year.
The decline in the number of outpatients continued
until June (weekly average number of patients: 721
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Table 1 Patient characteristics according to diagnoses years
2020
(Feb–Jun)
(n = 169)

2017–19
(Feb–Jun)
(n = 443)

P value

Age at diagnosis, mean ± SD

69.4 ± 11.1

69.0 ± 10.6

0.637

Sex, Female

53 (31.4%)

135 (30.5%)

0.832

Performance, ECOG 0–2, (%)

91.7%

93.2%

0.686

Smoking, never smoker, (%)

34.4%

29.3%

Subtype

0.443
0.807

NSCLC

146 (86.4%)

386 (87.1%)

SCLC

23 (13.6%)

57 (12.9%)
0.015*

Stage of NSCLC
IA–IB

31 (21.2%)

98 (25.4%)

IIA–IIB

6 (4.1%)

47 (12.2%)

IIIA–IIIC

28 (19.2%)

76 (19.7%)

IVA–IVB

81 (55.5%)

165 (42.7%)

Stage of SCLC

0.042

Limited disease

11 (47.8%)

14 (24.6%)

Extensive disease

12 (52.2%)

43 (75.4%)

SD standard deviation, ECOG Eastern Cooperative Oncology Group, NSCLC
non-small cell lung cancer, SCLC small cell lung cancer
*
Statistical significance was tested by the linear by linear association

during 2017–2019 vs. 616 in 2020, p < 0.001). Figure 2
shows the monthly number of new lung cancer diagnoses by year. There were no significant differences in the
overall number of patients with lung cancer before and
after the pandemic (2017: N = 138, 2018: N = 139, 2019:
N = 166, 2020: N = 169, p = 0.605). There were no significant differences when the analysis was limited to NSCL
C diagnoses only (2017: N = 121, 2018 N = 123, 2019:
N = 142, 2020: N = 146, p = 0.437). Even with a decline in
the number of outpatient visits, the number of new lung
cancer diagnoses remained constant. There were also no
differences in the percentage of histological subtypes by
year and month (Fig. 3a and b).
During the COVID-19 pandemic, the proportion of
stage III or IV cancer was 74.7%, which was significantly
higher than that of the previous years (2017: 57.9%,
2018: 66.7%, 2019: 62.7%), while the proportion of stage
I or II cancer decreased to 25.3% (p = 0.011) (Table 2
and Figure S1). The decline in the number of early lung
cancer diagnosis was more evident during the early days
of the pandemic (Fig. 2c). In the SCLC group, the proportion of patients with limited stage (47.8%) increased
from that of the previous years, but the difference was
not significant (2017: 29.4%, 2018: 25.0%, 2019 20.8%,
2020:47.8%, p = 0.239).

Fig. 1 Daily numbers of coronavirus disease (COVID-19) cases in South Korea and weekly number of patients in the pulmonary outpatient clinics
department (OPD) of study hospitals. *p < 0.001, †National infectious disease alert (from Level 2 to Level 3), ‡WHO announced COVID-19 is
a pandemic
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Fig. 2 a Monthly number of lung cancer diagnoses, b monthly
number of non-small cell lung cancer (NSCLC) diagnoses, c monthly
number of stage I or II NSCLC by years

Preventive measures

In South Korea, prompt development and approval of
the COVID-19 diagnosis kit enabled quick and wideranging screening since the early days of the pandemic.
Screening was performed for those in direct contact with
COVID-19 patients and those who showed symptoms of
acute respiratory infection. Most university affiliated
hospitals, including the hospitals in this study, have designated triage outpatient clinics and in-hospital wards as
recommended by health authorities [10]. From the moment of presenting to the outpatient or emergency departments, patients with respiratory symptoms were
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seen by healthcare providers wearing personal protective
equipment (PPE) in an isolated area. Suspected patients
who needed to be hospitalized were admitted to an isolated ward until the test results were obtained. Even patients who yielded negative results were admitted to an
isolated respiratory cohort ward. Patients who tested
positive were provided continuous quarantined care or
referred to national quarantine facilities. Patients admitted for lung cancer diagnosis, administration of anticancer agents, or surgery were admitted to a ward physically
separated from the above-listed patients. They were required to undergo SARS-CoV-2 screening, and only
those who tested negative were admitted. No hospitalacquired COVID-19 cases occurred in the hospitals.
While bronchoscopy is essential in the process of lung
cancer diagnosis and staging, it is a high-risk, aerosolgenerating procedure. Recently, bronchology societies
published recommendations for the use of bronchoscopy
during the pandemic [11]. Most guidelines recommend
postponing elective bronchoscopy tests, but in the included hospitals, bronchoscopy was promptly performed
on lung cancer-suspected patients. Although the guidelines recommend pre-test screening to identify those
with fever, respiratory symptoms, and prior contact with
COVID-19 patients, given that some COVID-19 patients
are asymptomatic, uniform pre-bronchoscopy COVID19 screening may be required in regions where community transmission of COVID-19 occurred [12]. In our
study hospitals, patients admitted for lung cancer and
outpatients with respiratory symptoms were required to
undergo COVID-19 screening before bronchoscopy.
None of the newly diagnosed patients with lung cancer
in the study period were infected with COVID-19. To
prevent the spread of infection within the hospital, only
a number of healthcare professionals wearing PPEs performed the bronchoscopy in a well-ventilated negativepressure room. Aerosol-generating procedures were not
performed during the pretreatment or testing processes.
After completing the test, surfaces were thoroughly disinfected. Percutaneous needle biopsy was also performed
under similar preventive protocols.

Discussion
In addition to the impact of the infection, collateral effects such as restricted healthcare access and service
provision must also be taken into consideration. In the
present study, we observed that the percentage of patients with more advanced stage cancers among newly
diagnosed NSCLC patients during the pandemic was
higher than that of previous years.
During the influenza H1N1 epidemic in 2009, a higher
incidence of pneumonia and higher mortality were reported among patients with cancer, compared with that
observed with the general population [13]. Nevertheless,
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Fig. 3 a Proportion of lung cancer subtypes by years (Feb–Jun), b lung cancer subtype by months (2017–2020), c stage of non-small cell lung
cancer (NSCLC) by years (Feb–Jun), d small cell lung cancer (SCLC) stage by years (Feb–Jun). LD: limited disease, ED: extensive disease

there is a lack of studies examining the diagnosis of lung
cancer and treatment guidelines during an epidemic.
During the COVID-19 pandemic, several international
societies presented guidelines for cancer diagnosis and
treatments based on expert opinions [14]. However,
these guidelines are not yet evidence-based. As there is
still no effective drug or vaccine for COVID-19, it is

difficult to anticipate when the pandemic will be eradicated. Meticulous evidence-based preparation is needed
as another novel infectious disease may occur in the future [15].
The collateral effects of COVID-19 pandemic on the
healthcare system affected both healthcare providers and
patients. With a growing number of COVID-19 patients

Table 2 Lung cancer stage stratified by subtypes and years
Lung cancer subtype

Stage

NSCLC

Stage I–II

Stage III–IV

2017 (Feb–Jun)

51 (42.1%)

70 (57.9%)

121

2018 (Feb–Jun)

41 (33.3%)

82 (66.7%)

123

2019 (Feb–Jun)

53 (37.3%)

89 (62.7%

142

2020 (Feb–Jun)

37 (25.3%)

109 (74.7%)

146

Total (Feb–Jun)

182 (34.2%)

350 (65.8%)

532

Limited disease

Extensive disease

2017 (Feb–Jun)

5 (29.4%)

12 (70.6%)

17

2018 (Feb–Jun)

4 (25%)

12 (75%)

16

2019 (Feb–Jun)

5 (20.8%)

19 (79.2%)

24

2020 (Feb–Jun)

11 (47.8%)

12 (52.2%)

23

Total (Feb–Jun)

25 (31.3%)

55 (68.8%)

80

SCLC

NSCLC non-small cell lung cancer, SCLC small cell lung cancer
*
Statistical significance was tested by the linear by linear association

Total

P value*
0.011

0.239
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requiring hospitalization, the reallocation of human and
other resources is a common phenomenon among
healthcare facilities [16]. Consequently, clinical activities
needed to diagnose and treat diseases, including cancer,
will be hindered. In our study’s hospitals, personnel in
the general cancer diagnosis areas were relocated to address the staff shortage for COVID-19 screening and
care. A report on the impact of COVID-19 on the diagnosis of cancer showed that registration of new patients
with cancer in the Netherlands national cancer registry
dropped by about 25% between March and May 2020
[17]. In the United Kingdom, referrals of cancersuspected cases decreased by about 80% [18, 19]. Patients are reluctant to visit a healthcare facility out of
fear for infection. A survey on patients with lung cancer
who participated in a clinical trial in Taiwan during the
SARS outbreak reported that about 64% of the patients
were reluctant to visit a hospital out of fear for infection,
and about 4% of the patients decided to discontinue all
treatment due to concerns of infection [20]. In fact, the
decline in healthcare utilization may be only natural following media reports and study findings confirming local
outbreaks of COVID-19 in healthcare facilities [21].
However, there is a problem that excessive concerns
regarding COVID-19 beyond what is necessary could
worsen the avoidance of healthcare facilities among patients with cancer and delay the necessary medical diagnosis and treatment. In the present study, the increased
percentage of patients with stage III or IV cancer with a
decreased percentage of patients with earlier stages of
cancer in the NSCLC group suggested a presentational
delay in the diagnosis of lung cancer. Patients in symptomatic stage I or II lung cancer may have been diagnosed at an advanced stage after disease progression due
to presentational delay. In contrast, asymptomatic earlystage patients are mostly diagnosed through screening; it
is postulated that the number of early diagnoses of lung
cancer decreased due to a decline in the medical
checkup rate. The longer the pandemic period, the more
significant the impact can be expected. On the other
hand, the percentage of patients with limited stage cancer increased, albeit statistically insignificant, in the
SCLC group. Because symptom onset is more common
with SCLC than with NSCLC, this result may be attributed to the possibility that these patients consulted at a
healthcare facility early on owing to respiratory symptoms during the COVID-19 pandemic [22].
The COVID-19 pandemic also impacted the treatment
process. Anticancer therapy or surgery was postponed or
canceled. A modeling study that analyzed the impact of
delayed cancer surgery due to the COVID-19 pandemic
reported that a three-month and six-month delay of surgery decreased the anticipated life-years gain after surgery by 19 and 43%, respectively [23]. Moreover, the
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impact was greater among patients with lung cancer. A
dilemma occurs when elective surgeries are postponed
in adherence to physical distancing and reorganization
of healthcare resources because it contradicts the goal of
minimizing delays of curative surgeries. Likewise, when
considering cytotoxic anticancer therapy, it is important
to weight its benefits with the risk of infection due to
immunosuppression. For advanced stage lung cancer, it
is ideal to choose agents that could reduce inpatient
hospitalization or outpatient clinic visits when choosing
cytotoxic anticancer agents for palliative therapy. The
clinical and radiological features of COVID-19 pneumonia may be difficult to differentiate from pneumonia
during anticancer therapy or the pneumonitis during immunotherapy or targeted therapy [24]. As such, the
threshold for COVID-19 screening should be lowered
for patients with lung cancer currently undergoing treatment. Healthcare providers should consider prompt testing of these patients for COVID-19 based on their
symptoms and radiologic findings even when they had
no prior contact with a confirmed patient.
The mortality from SARS-COV-2 infection is higher
among patients with cancer than in the general population. In a cohort study of 928 cancer patients confirmed
with COVID-19 infection in the US, Canada, and Spain,
the all-cause mortality rate was high at 13% [25]. Factors
associated with mortality risk were age, male sex, number of comorbidities, poor performance status, smoking
status, and active cancer status. However, history of surgery within 4 weeks and overall anticancer treatment status, including targeted therapy, cytotoxic therapy, and
immunotherapy, were not associated with mortality risk.
A study on 102 lung cancer patients diagnosed with
COVID-19 also demonstrated that the severity and mortality of COVID-19 were related to patient-specific features (smoking, chronic obstructive pulmonary disease,
and heart failure) rather than cancer-specific features
(surgery and recent systemic treatments) [26]. Therefore,
if COVID-19 is well contained within the hospital, and
healthcare resources are utilized appropriately, hospitals
should avoid delaying surgery of operable cancers except
typical indolent cases even during a pandemic.
Our research has limitations. First, this study included
a limited number of hospitals and patients. Second,
long-term follow-up is required to evaluate the prognosis of patients with a delayed diagnosis of lung cancer.
Some patients with slowly progressing lung cancer may
be safe with late diagnosis. However, most patients progress rapidly, even with early lung cancer [27, 28]. Considering the study results in which the median overall
survival was 9 months when not treated at stage I lung
cancer, it is reasonable to evaluate the rapid stage shift
during the five-month study period [29]. Third, the effects of SARS-CoV-2 infection on the diagnosis and
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treatment process of lung cancer were not evaluated.
None of the newly diagnosed lung cancer patients included in this study was diagnosed with COVID-19.

Conclusions
We observed the presentational delay of NSCLC diagnosis during the COVID-19 pandemic. However, the
proactive triaging of suspected patients, aggressive
COVID-19 screening, and timely lung cancer diagnosis prevented a decrease in the number of diagnoses.
Although the mission to control COVID-19 pandemic
is essential, national health authorities should prepare
accurate assessments and countermeasures of any collateral effects, which may threaten the accessibility of
diagnostic management for patients with cancer. Creating a safe healthcare system during this pandemic is
essential for effective clinical service delivery to patients with serious diseases such as cancer.
Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12885-020-07544-3.
Additional file 1 : Figure S1. The weekly mean number of lung cancer
diagnoses during the 5 months, 2017–2020 (A). The weekly number of
lung cancer diagnoses during the 5 months in the COVID-19 pandemic
in Korea (B).
Abbreviations
COVID-19: Coronavirus disease 2019; NSCLC: Non-small cell lung cancer;
SCLC: Small cell lung cancer; SARS-CoV-2: Severe acute respiratory syndrome
coronavirus 2; PPE: Personal protective equipment
Acknowledgments
None
Authors’ contributions
Conception and design: SHJ, JYP. Acquisition of data: SHJ, YJL, TK, CYL, YIH, JHK, HIK, SP, K-SJ. Analysis and interpretation of data: SHJ, YJL, SP. Writing, review, and/or revision of the manuscript: SHJ, JYP, YIH, K-SJ. Study supervision:
SHJ, YJL, TK, CYL. JYP prepared the first draft, which all authors revised for
critical content. All authors reviewed and approved the final version of the
manuscript.
Funding
No funding was obtained for this study.
Availability of data and materials
The dataset used and analysed during the present study is available from
the corresponding author upon reasonable request.
Ethics approval and consent to participate
This study was conducted in accordance with the amended Declaration of
Helsinki. The Institutional Review Board of Hallym University Sacred Heart
Hospital approved the study protocol, and informed consent was waived
due to the retrospective nature of the study (HALLYM 2020–07–006-001).
Consent for publication
Not applicable.
Competing interests
The authors have declared that no competing interests exist.

Page 7 of 8

Author details
1
Division of Pulmonary, Allergy and Critical Care Medicine, Department of
Internal Medicine, Hallym University Sacred Heart Hospital, Hallym University
Sacred Heart Hospital, 22 Gwanpyeong-ro 170 beon-gil, Dongan-gu, Anyang
14068, Republic of Korea. 2Division of Pulmonary, Allergy and Critical Care
Medicine, Kangdong Sacred Heart Hospital, Hallym University, Seoul,
Republic of Korea. 3Division of Pulmonary, Allergy and Critical Care Medicine,
Kangnam Sacred Heart Hospital, Hallym University, Seoul, Republic of Korea.
4
Division of Pulmonary, Allergy and Critical Care Medicine, Chuncheon
Sacred Heart Hospital, Hallym University, Chuncheon, Republic of Korea.
Received: 9 September 2020 Accepted: 20 October 2020

References
1. World Health Organization. Coronavirus disease (COVID-2019) situation
reports. https://www.who.int/emergencies/diseases/novel-coronavirus-2019/
situation-reports/. Accessed 10 Oct 2020.
2. Raleigh VS. Tackling UK’s mortality problem: Covid-19 and other causes.
BMJ. 2020;369:m2295.
3. Kansagra AP, Goyal MS, Hamilton S, Albers GW. Collateral effect of Covid-19
on stroke evaluation in the United States. N Engl J Med. 2020;383(4):400–1.
4. Solomon MD, McNulty EJ, Rana JS, Leong TK, Lee C, Sung S-H, et al. The
Covid-19 pandemic and the incidence of acute myocardial infarction. N
Engl J Med. 2020;383:691.
5. Baldi E, Sechi GM, Mare C, Canevari F, Brancaglione A, Primi R, et al. Out-ofhospital cardiac arrest during the Covid-19 outbreak in Italy. N Engl J Med.
2020;383(5):496–8.
6. Al-Shamsi HO, Alhazzani W, Alhuraiji A, Coomes EA, Chemaly RF,
Almuhanna M, et al. A practical approach to the management of cancer
patients during the novel coronavirus disease 2019 (COVID-19) pandemic:
an international collaborative group. Oncologist. 2020;25(6):e936–e45.
7. Korea Centers for Disease Control and Prevention. Regular Briefing of the
Central Disaster Safety and Countermeasure Headquarters on COVID-19.
Available from: http://www.mohw.go.kr/react/al/sal0301vw.jsp?PAR_MENU_
ID=04&MENU_ID=0403&page=59&CONT_SEQ=353014.
8. Kim S-h. Korea’s first lung transplant to COVID-19 patient successful. Korea
Herald. Available from: http://www.koreaherald.com/view.php?ud=20200702
000068&kr=1.
9. Park JY, Jang SH, Kim HI, Kim J-H, Park S, Hwang YI, et al. Thyroid
transcription factor-1 as a prognostic indicator for stage IV lung
adenocarcinoma with and without EGFR-sensitizing mutations. BMC Cancer.
2019;19(1):574.
10. Lee H, Lee H, Song K-H, Kim ES, Park JS, Jung J, et al. Impact of public
health interventions on seasonal influenza activity during the SARS-CoV-2
outbreak in Korea. Clin Infect Dis. 2020:ciaa672.
11. Lentz RJ, Colt H. Summarizing societal guidelines regarding bronchoscopy
during the COVID-19 pandemic. Respirology. 2020;25(6):574–7.
12. Wahidi MM, Shojaee S, Lamb CR, Ost D, Maldonado F, Eapen G, et al. The
use of bronchoscopy during the COVID-19 pandemic: CHEST/AABIP
guideline and expert panel report. Chest. 2020:S0012–3692(20)30850–3.
13. Dignani MC, Costantini P, Salgueira C, Jordán R, Guerrini G, Valledor A, et al.
Pandemic 2009 influenza A (H1N1) virus infection in cancer and
hematopoietic stem cell transplant recipients; a multicenter observational
study. F1000Research. 2014;3:221.
14. Mazzone PJ, Gould MK, Arenberg DA, Chen AC, Choi HK, Detterbeck FC,
et al. Management of lung nodules and lung cancer screening during the
COVID-19 pandemic: CHEST expert panel report. Chest. 2020;158(1):406–15.
15. Liang W, Guan W, Chen R, Wang W, Li J, Xu K, et al. Cancer patients in
SARS-CoV-2 infection: a nationwide analysis in China. Lancet Oncol. 2020;
21(3):335–7.
16. Emanuel EJ, Persad G, Upshur R, Thome B, Parker M, Glickman A, et al. Fair
allocation of scarce medical resources in the time of Covid-19. N Engl J
Med. 2020;382(21):2049–55.
17. Dinmohamed AG, Visser O, Verhoeven RHA, Louwman MWJ, van Nederveen
FH, Willems SM, et al. Fewer cancer diagnoses during the COVID-19
epidemic in the Netherlands. Lancet Oncol. 2020;21(6):750–1.
18. Maringe C, Spicer J, Morris M, Purushotham A, Nolte E, Sullivan R, et al. The
impact of the COVID-19 pandemic on cancer deaths due to delays in
diagnosis in England, UK: a national, population-based, modelling study.
Lancet Oncol. 2020;21:1023.

Park et al. BMC Cancer

(2020) 20:1040

19. Sud A, Torr B, Jones ME, Broggio J, Scott S, Loveday C, et al. Effect of delays
in the 2-week-wait cancer referral pathway during the COVID-19 pandemic
on cancer survival in the UK: a modelling study. Lancet Oncol. 2020;21:1035.
20. Chen Y-M, Perng R-P, Chu H, Tsai C-M, Whang-Peng J. Impact of severe
acute respiratory syndrome on the status of lung cancer chemotherapy
patients and a correlation of the signs and symptoms. Lung Cancer. 2004;
45(1):39–43.
21. Arons MM, Hatfield KM, Reddy SC, Kimball A, James A, Jacobs JR, et al.
Presymptomatic SARS-CoV-2 infections and transmission in a skilled nursing
facility. N Engl J Med. 2020;382(22):2081–90.
22. Buccheri G, Ferrigno D. Lung cancer: clinical presentation and specialist
referral time. Eur Respir J. 2004;24(6):898–904.
23. Sud A, Jones ME, Broggio J, Loveday C, Torr B, Garrett A, et al. Collateral
damage: the impact on outcomes from cancer surgery of the COVID-19
pandemic. Ann Oncol. 2020;31:1065.
24. Calabrò L, Peters S, Soria JC, Di Giacomo AM, Barlesi F, Covre A, et al.
Challenges in lung cancer therapy during the COVID-19 pandemic. Lancet
Respir Med. 2020;8(6):542–4.
25. Kuderer NM, Choueiri TK, Shah DP, Shyr Y, Rubinstein SM, Rivera DR, et al.
Clinical impact of COVID-19 on patients with cancer (CCC19): a cohort
study. Lancet. 2020;395(10241):1907–18.
26. Luo J, Rizvi H, Preeshagul IR, Egger JV, Hoyos D, Bandlamudi C, et al. COVID19 in patients with lung cancer. Ann Oncol. 2020;31(10):1386–96.
27. Infante M, Berghmans T, Heuvelmans MA, Hillerdal G, Oudkerk M. Slowgrowing lung cancer as an emerging entity: from screening to clinical
management. Eur Respir J. 2013;42(6):1706–22.
28. Yuan P, Cao JL, Rustam A, Zhang C, Yuan XS, Bao FC, et al. Time-toprogression of NSCLC from early to advanced stages: an analysis of data
from SEER registry and a single institute. Sci Rep. 2016;6(1):28477.
29. Raz DJ, Zell JA, Ou SH, Gandara DR, Anton-Culver H, Jablons DM. Natural
history of stage I non-small cell lung cancer: implications for early detection.
Chest. 2007;132(1):193–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 8 of 8

