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BACKGROUND: Low-dose CT (LDCT) screening reduces lung cancer mortality by at least 20%. The
COVID-19 pandemic required an unprecedented shutdown in our institutional LDCT
program. The purpose of this study was to examine the impact of COVID-19 on lung cancer
screening and subsequent cancer diagnosis.

STUDY DESIGN: We analyzed our prospective institutional LDCT screening database, which began in 2012.
In all, 2,153 patients have participated. Monthly mean number of LDCTs were compared
between baseline (January 2017 to February 2020) and COVID-19 periods (March 2020
to July 2020).

RESULTS: LDCT was suspended on March 13, 2020 and 818 screening visits were cancelled. Phased
reopening began on May 5, 2020 and full opening on June 1, 2020. Total monthly
mean � SD LDCTs (146 � 31 vs 39 � 40; p < 0.01) and new patient monthly LDCTs
(56 � 14 vs 15 � 17; p < 0.01) were significantly decreased during the COVID-19
period. New patient monthly LDCTs have remained low despite resuming full operations.
Three- and 6-month interval follow-up LDCTs were prioritized and were significantly
increased compared with baseline (11 � 4 vs 30 � 4; p < 0.01). The “no-show” rate was
significantly increased from baseline (15% vs 40%; p < 0.04). Most concerning, the
percentage of patients with lung nodules suspicious for malignancy (Lung-RADS 4) were
significantly increased after screenings resumed (8% vs 29%; p < 0.01).

CONCLUSIONS: COVID-19 caused significant disruption in lung cancer screening, leading to a decrease in
new patients screened and an increased proportion of nodules suspicious for malignancy
once screening resumed. Using lung cancer and the LDCT screening program as a model,
this early analysis showed the unrecognized consequences related to the pandemic for
screening programs and cancer care. (J Am Coll Surg 2021;-:1e6. Published by Elsevier
Inc. on behalf of the American College of Surgeons.)
Lung cancer is the leading cause of mortality among
cancer diagnoses, and was responsible for 145,849 deaths
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in the US alone in 2017.1 Fortunately, during the last
decade, lung cancer mortality has been in an accelerated
decline1 due to successful public health campaigns, such
as smoking cessation2,3 and therapeutic improvements.4

In addition, annual low-dose CT (LDCT) screening
programs have been found to reduce mortality from
lung cancer by at least 20% among high-risk patients in
large clinical trials.5,6 In December 2013, the US
Preventive Services Task Force published guidelines rec-
ommending LDCT for adults with the following criteria:
aged 55 to 80 years, 30 pack-year smoking history, and
currently smoking or quit within the last 15 years.7

The impact of the COVID-19 pandemic on the
healthcare industry has been tremendous, with immediate
consequences on resource use and wide-ranging long-term
https://doi.org/10.1016/j.jamcollsurg.2020.12.002
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implications throughout medicine.8 Cancer care has not
been spared, with difficult but necessary decisions to
mitigate risk during the early phases of the pandemic.9

Cancer diagnoses in the US were decreased across 6
common malignancies,10 and The Netherlands Cancer
Registry noted an almost 30% decrease in all primary
cancer diagnoses.11

The impact of the COVID-19 pandemic on screening
and subsequent cancer diagnosis is unknown. Early detec-
tion through effective screening programs saves lives in
colorectal, breast, and lung cancer.6,12,13 Early in the
COVID-19 pandemic, an expert panel from the Amer-
ican College of Chest Physicians recommended delaying
initiation of screening for new individuals and delaying
annual LDCT for patients in established lung cancer
screening protocols.14 However, the short- and long-
term outcomes after delaying screening in this population
have not been studied. The purpose of this study was to
examine the impact of COVID-19 on lung cancer
screening and subsequent cancer at our institution.
Table 1. Demographic and Clinical Characteristics of Pa-
tients in the Lung Cancer Screening Program

Characteristic Data (n ¼ 2,153)

Age, y, mean � SD 63.8 � 5.9

Sex, f, n (%) 866 (45.1)

Race, n (%)

Non-Hispanic White 1,118 (72.0)

African American 409 (26.3)

Other 25 (1.7)

Current smoker, n (%) 1,003 (51.7)

Pack-years, mean � SD 53.8 � 23.6

COPD, n (%) 618 (31.9)

Occupational exposure, n (%) 285 (23.4)

Radon exposure, n (%) 239 (12.3)

Pulmonary fibrosis, n (%) 99 (5.1)

Personal cancer history, n (%) 136 (7.0)
METHODS
We retrospectively reviewed our prospectively maintained
database from January 1, 2012 to July 30, 2020. This
study was approved by the IRB (2018-7564) with waiver
of informed consent. The lung screening program at the
University of Cincinnati was initiated in November
2012. It is composed of a multidisciplinary team of clini-
cians and 3 full-time staff members (2 registered nurses
and 1 medical assistant). Data, such as demographic
characteristics, medical comorbidities (eg COPD and pul-
monary fibrosis), occupational exposures, CT screening
results, interventions, and lung cancer diagnosis, are
collected prospectively. Patient eligibility criteria include
aged 55 to 80 years, at least 30 pack-year smoking history,
and current smoker or former smoker. All patients who
underwent screening were included in this investigation.
LDCTs are reviewed by dedicated chest radiologists

and managed according to the American College of
Radiology Lung-RADS categorization criteria.15 All
patients considered at high risk for malignancy, defined
by the American College of Radiology category Lung-
RADS 4, are reviewed at a multidisciplinary lung tumor
board.15 Tumor board participants include lung cancer
specialists from thoracic surgery, interventional pulmo-
nology, medical and radiation oncology, pathology, and
radiology. Recommendations include resuming annual
screening, short-interval LDCT, PET, and/or referral to
a thoracic surgeon or interventional pulmonologist for
intervention. Invasive interventions included bronchos-
copy, endobronchial ultrasound, percutaneous biopsy,
and lung resection. After cancer diagnosis, treatment
was based on the American Joint Committee on Cancer’s
cancer staging manual, 8th edition.16 Final treatment deci-
sions are at the discretion of the physician and the patient.
Monthly mean LDCT screenings were compared

between baseline (January 2017 to February 2020) and
COVID-19 (March 2020 to July 30, 2020) periods. Rates
of LDCT review at tumor board were compared between
cohorts. For those presented at tumor board, records were
reviewed to determine nodule size, presence of a new lung
nodule, and time interval between LDCT in months. The
indication for tumor board review was classified as either a
new nodule or an enlarging nodule. Tumor board recom-
mendations from January 1, 2020 and July 30, 2020 were
analyzed to compare rates of referral for intervention vs
repeat imaging. “No show” patients, defined as those
that did not show up or reschedule their screening
appointment, were identified from January 1, 2020 and
July 30, 2020 and analyzed.
Data were described using mean � SD and percentiles

for continuous and categorical variables, respectively.
Correlations between cohorts were evaluated using the
2-sample t-test, Pearson chi-square test or Fisher exact
test, as appropriate. A p value <0.05 was considered
significant. All analyses were conducted using JMP
PRO, version 15 (SAS Institute Inc).
RESULTS
From January 2012 to July 2020, a total of 2,153 unique
patients underwent LDCT screening. Baseline demo-
graphic information and clinical characteristics are shown
in Table 1. The cohort’s mean � SD age was 63.8 � 5.9
years; most were men and non-Hispanic White. Most pa-
tients screened were current smokers, with a mean � SD
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number of pack-years of 53.8 � 23.6. COPD (31.9%)
and occupational exposures (23.4%) were also common.
Since 2012, lung cancer was diagnosed within the
LDCT cohort in 4.7% (n ¼ 101) of patients.
LDCT screening was suspended due to the COVID-19

pandemic on March 13, 2020 based on the direction of
our hospital system and university. Phased reopening
began on May 5, 2020 and full opening occurred on
June 1, 2020. During this time period, 818 LDCTs
were cancelled. Total monthly mean � SD LDCTs
(146 � 31 vs 39 � 40; p < 0.01) and new patient
monthly LDCTs (56 � 14 vs 15 � 17; p < 0.01) were
significantly decreased during the COVID-19 period
(Fig. 1). On resuming operations, 3- and 6-month inter-
val follow-up LDCTs were prioritized and were increased
significantly from baseline (11 � 4 vs 30 � 4; p < 0.01).
However, despite complete reopening of LDCT
operations, new patient monthly LDCTs have remained
low (Fig. 1).
The no-show rate increased significantly from baseline

during COVID-19 (40% vs 15%; p < 0.04). Of the 139
no-shows during the COVID-19 period, most were for
annual examinations (n ¼ 112 [80.6%]), the remaining
were for baseline scan (n ¼ 12 [8.7%]), 3-month
(n ¼ 6 [4.3%]), and 6-month (n ¼ 9 [6.5%]) follow-
up appointments. Compared with the entire LDCT
screening cohort, patients who “no-showed” to their
appointments in 2020 were more likely to be younger,
female, African American, and current smokers (Table 2).
Most concerning, the percentage of patients with lung

nodules suspicious for malignancy (Lung-RADS 4) was
increased significantly after screening operations resumed
(29% vs 8%; p < 0.01). Clinical details about size of
nodule, interval between scans, indication for tumor
board evaluation, and tumor board recommendation
Figure 1. New patient and all patient monthly low-dose CT (LDCT)
screening visits. Highlighted box identifies the COVID-19 period.
were compared between the pre COVID-19 and
COVID-19 cohorts (Table 3) Among patients with
Lung-RADS 4 lesions reviewed at tumor board, patients
were less likely to have new nodules (69.8% vs 38.5%;
p < 0.01). However, there was no significant differences
in the mean � SD size of nodule (14.5 � 16.4 mm vs
10.5 � 7.1 mm; p ¼ 0.56) or interval from previous
scan (13.6 � 13.2 months vs 11.7 � 14.1 months;
p ¼ 0.36). There was also a significant increase in referrals
for intervention by thoracic surgery or interventional
pulmonology among tumor board patients in the
COVID-19 era (44.0% vs 21.2%; p ¼ 0.04) (Fig. 2).
During the COVID-19 period, 4 patients were referred
to interventional pulmonology. Three patients underwent
endobronchial ultrasound and 1 patient underwent repeat
imaging. Seven patients were referred to thoracic surgery
and 3 patients underwent minimally invasive diagnostic
wedge resection to confirm malignancy, followed by
lobectomy and mediastinal lymph node dissection. One
patient was offered lung resection but refused and was
treated with stereotactic body radiation therapy. Three
patients underwent repeat imaging.
DISCUSSION
We have reported the impact of the COVID-19
pandemic on our institutional lung cancer screening pro-
gram. There was decreased total and new patients
screened during the COVID-19 period, even after
screening operations resumed. Patients were also more
likely to be a no-show for their LDCT after screening
resumed. A higher proportion of Lung-RADS 4 nodules
were identified and there were increased referrals for
intervention. These findings have important implications
for lung cancer screening and subsequent lung cancer
diagnosis with the ongoing COVID-19 pandemic.
COVID-19 has dramatically impacted many aspects of

medicine, including the field of oncology. Cross-sectional
analysis of diagnosis codes demonstrated a 46% decrease
in new cancer diagnoses in the US during March and
April 2020 among 6 common malignancies, including
lung and esophageal cancer.10 The Netherlands Cancer
Registry noted an almost 30% decrease in new cancer
diagnoses in all primary cancer sites; new lung cancer
diagnoses had a similar decrease.11 New cancer diagnoses
remained low, despite a national public awareness
campaign to increase cancer diagnoses by encouraging
patients to discuss new symptoms with their primary
care provider, encouraging primary care providers to refer
patients to oncology specialist, and resuming cancer
screening operations.11 In our study, we observed a
decrease in total and new patient monthly LDCTs during



Table 2. Patient Demographic Characteristics of Our Low-Dose CT Screening Program Compared with the No-Show Popu-
lation in 2020

Characteristic Lung cancer screening program (n ¼ 1,939) No-show population (n ¼ 214) p Value

Age, y, mean � SD 63.8 � 5.9 61.8 � 4.8 <0.01

Sex, f, n (%) 866 (45.1) 123 (58.0) <0.01

Race, n (%) <0.01

Non-Hispanic White 1,118 (72.1) 94 (48.5)

African American 433 (27.9) 100 (51.6)

Current smoker, n (%) 1,003 (51.7) 154 (72.3) <0.01

Pack-years, mean � SD 53.8 � 23.6 45.5 � 23.9 <0.01

COPD, n (%) 139 (31.9) 69 (33.2) 0.70
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the COVID-19 period. Similar decreases in cancer
screening have been reported for breast17 and colon
cancer.18,19 National use of LDCT is low at baseline, so
any additional decreases has potential negative
consequences both in terms of cancer-related mortality
and future use of lung cancer screening.20-22

Fear related to contracting COVID-19 has caused
patients to be more apprehensive to seek medical care for
routine or emergent issues.23,24 Diagnoses for many acute
conditions, such as appendicitis, MI, stroke, and aortic
dissection have decreased during the COVID-19
pandemic.25-28 Similarly, in our study, new-patientmonthly
LDCTs remained low despite resuming full lung cancer
screening operations, and the no-show rate was increased
significantly. We observed that patients who were younger,
female, African American, and current smokers were more
likely to no-show for LDCT. This aspect of lung cancer
screening should be studied further, as it couldworsen exist-
ing disparities in lung cancer survival. African Americans
already have worse overall survival29 and are less likely to
undergo curative lung resection.30

Risk mitigation from COVID-19 is important in
cancer patients, with reports of 13% mortality in cancer
patients affected with COVID-19.31 Lung cancer patients
Table 3. Details of Patients Referred for Tumor Board Evaluat
July 30, 2020

Variable Pre COVID-19 period

Nodule size, mm, mean � SD 14.5 � 16.4

New nodule, size 16.5 � 19.0

Follow-up, D 2.1 � 1.9

Interval scan, mo, mean � SD 13.6 � 13.2

Indication for tumor board, n (%)

New nodule 37 (69.8)

Enlarging nodule 16 (30.2)

Tumor board recommendation, n (%)

Repeat imaging 41 (78.9)

Intervention 11 (21.2)

D, change.
are particularly at risk due to underlying comorbidities,
such as smoking and pulmonary disease. Patients with
thoracic malignancies infected with COVID-19 have a re-
ported 76% hospitalization rate and 33% mortality rate.32

Several societies and expert panels have released recom-
mendations for the management of malignancy during
the COVID-19 pandemic.33 Specifically for lung cancer,
expert panels from the Thoracic Surgery Outcomes
Research Network recommended deferring operations
for 3 months if hospital resources were limited due to
COVID-19. If hospital resources were normal with only
a few COVID-19 cases, they recommended operations
for node-positive lung cancer, tumors �2 cm, or for those
who received neoadjuvant therapy only.34 Previous reports
have found that these delays can increase perioperative
morbidity and negatively impact overall survival.35 Recent
evidence from the UK estimates a 4.8% to 5.3% increase
in lung cancer mortality due to diagnostic delay, high-
lighting the critical stakes at hand.24 We observed
increased lung nodules suspicious for malignancy
(Lung-RADS 4) after screening operations resumed.
Patients were more likely to be referred to tumor board
for enlarging nodules and there was a significant increase
in referrals for intervention among tumor board patients
ion and Tumor Board Recommendation, January 1, 2020 to

(n ¼ 53) COVID-19 period (n ¼ 34) p Value

10.5 � 7.1 0.56

8.1 � 4.0 0.11

2.5 � 2.8 0.84

11.7 � 14.1 0.36

<0.01

10 (38.5)

16 (61.5)

0.04

14 (56.0)

11 (44.0)



Figure 2. Multidisciplinary tumor board recommendation for
patients in 2020.
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in the COVID-19 period. There is also a backlog of new
patients who are awaiting initial screening, as we are still
rescheduling cancelled appointments.
The COVID-19 pandemic is ongoing and the US and

Europe experienced substantial increases in new cases
during the fall and winter of 2020. Our results provide
a framework for future decisions amid the ongoing
COVID-19 pandemic. Lung cancer screening operations
should be prioritized and continued to prevent negative
consequences, such as delay in diagnosis, which could
lead to increased cancer-specific mortality. The
COVID-19 pandemic also highlights the following
important areas of improvement needed in lung cancer
screening: refinement of selection criteria for LDCT and
risk stratification of identified pulmonary nodules.36,37

These improvements could help prioritize which LDCTs
are performed, which would help reduce risk of exposure
during current and future pandemics.
There are several limitations to consider. We report our

single-center institutional experience and our results
might not be externally generalizable. Our initial experi-
ence with COVID-19 in spring of 2020 was a relatively
low number of cases in the region and our LDCT screen-
ings were shut down for a relatively short time period.
Analysis was performed using historical data to make
comparisons with the COVID-19 period. It is possible
that observed associations are due to other unmeasured
variables aside from the COVID-19 pandemic, as cause
and effect could not be established by our methods.
Due to the limited follow-up period, not all suspicious
lung nodules were confirmed as lung malignancy. Instead,
we measured variables, such as referral for intervention.

CONCLUSIONS
COVID-19 has caused considerable disruption in lung
cancer screening. There were fewer new patients screened,
more patients were apprehensive to visit the healthcare
system, and an increased proportion of nodules suspicious
for malignancy. This early analysis represents possible
unintended consequences of the pandemic in regard to
lung cancer and possibly other malignancies. It can
provide a framework for future decisions amid the
ongoing COVID-19 pandemic.
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