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Abstract: Low-dose chest CT (LDCT) screening for lung cancer in high-risk individuals is the current
standard of care in the United States and European countries. LDCT has been shown to reduce lung cancer
mortality. However, potential “side effects” and “risks” of lung cancer screening should be concerned and
weighed against its benefits. To provide a summary of the risk of lung cancer screening as performed with
LDCT. The potential risks of LDCT screening are generally considered to be outweighed by the benefit of
reducing the risk of lung cancer death in the high-risk population. The studies on harm of LDCT screening
varied on definition of positive test and study protocol. However, using current nodule protocols guidelines
defining positive nodule based on consistency, size, and round of screening with certain management
protocol as Lung-RADS would have reduced in the false positive rate in baseline and subsequent rounds,
prevented invasive procedures and complications associated with false positive exams and decreased the
overdiagnosis rate. Currently, there are no epidemiological evidence supporting increased cancer incidence
or mortality from radiation dose of the LDCT screening for lung cancer which below 100 mSv. While the
risks are generally considered to be outweighed by the benefit of reducing the risk of lung cancer death in
the screening-eligible population, it is important to understand these potential risks, especially given the
requirements for shared decision making.
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Introduction
Rationale and objective
Low-dose chest CT (LDCT) screening for lung cancer
in high-risk individuals is the current standard of care in
the United States and European countries. LDCT has
been shown to reduce lung cancer mortality in multiple
prospective randomized, controlled trials, including the
National Lung Screening Trial (NLST) (1), Multi-centric
Italian L Detection trial (MILD) (2), and Nederlands–

© Current Challenges in Thoracic Surgery. All rights reserved.

Leuvens Longkanker screenings Onderzoek study
(NELSON) (3). There remains, however, a concern that
there are potential “side effects” and “risks” of lung cancer
screening that should be weighed against its benefits, and
these can be evaluated through the results of the same large
trials as well as systematic and meta-analysis reviews. The
U.S. Preventive Services Task Force (USPSTF) and others
specifically recommend practitioners thoroughly discuss
with their patients the benefits, limitations, and known and
uncertain harms of screening with LDCT (4-6). We present
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the following article in accordance with the narrative review
checklist (available at: http://dx.doi.org/10.21037/ccts2020-lcs-08).
Objective
This review is intended to provide a summary of available
evidence regarding the risk of lung cancer screening as
performed with LDCT.
Methods
We reviewed of the literature by collecting the information
from authorship, meta-analysis, systematic analysis, and
narrative overview retrieved from searches of computerized
databases. One investigator reviewed the literature
systematically using the search terms lung cancer, screening,
early detection, low- dose CT, and review through August
2020 and additional hand searches of the references of
retrieved literature with sources agreed on by co-authors.
We included the review studies or articles that addressed
at least one of the following risks of the LDCT screening
for lung cancer: (I) false positive results, (II) harms of false
positive evaluations, (III) false negative results or missed
lung cancers, (IV) overdiagnosis, and (V) risks of radiation
exposure.
Discussion
Potential risks of LDCT screening
Potential effects of LDCT that are considered risks
primarily concern one of several categories: (I) false positive
results leading to tests and invasive procedures considered
unnecessary, (II) false negative results leading to missed
cancers, (III) identification of indolent cancers leading to
treatment of cancers that might not otherwise clinically
warrant treatment and (IV) the impact of cumulative
radiation exposure on other cancer risk. While these risks
are generally considered to be outweighed by the benefit
of reducing the risk of lung cancer death in the screeningeligible population, it is important to understand these
categories, especially given the requirements for shared
decision making. We will discuss the specific evidence for
each of these risks and summary the risks from systemic
reviews and meta-analyses in Table 1.
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False positives exams
False positive exams are defined as any CT finding
precipitating additional evaluation that does not result in
the diagnosis of cancer. The false positive rate is calculated
by dividing the number of false positives by the number of
individuals screened with LDCT. Reported false positive
rates vary among studies in the literature, ranging from
0.6% to 96% among systematic reviews and meta-analyses
(7-10,13,14). This variability is largely due to differences
in the definition of a positive exam. For example, a trial
in which the cut-off for nodule size considered positive is
smaller would result in a higher rate of positive screens,
and ultimately false positives, as the absolute number of
lung cancers would not change compared to a trial with
a higher size cut-off. Additional variability results from
differences in screening protocols (e.g., the number of
screening rounds and intervals), scan slice thickness (as
smaller slice thicknesses will detect more nodules), lung
cancer risk of trial participants (false positive proportion
has been shown to be higher with increased age, pack-years
and concomitant chronic obstructive pulmonary disease),
prevalence of granulomatous disease (leading to increased
prevalence of benign disease among study populations), and
whether the analysis reflects baseline or follow-up rounds of
imaging (6,7,14,16,17).
In a collaboration among the American Cancer Society
(ACS), the American College of Chest Physicians (ACCP),
the American Society of Clinical Oncology (ASCO), and
the National Comprehensive Cancer Network (NCCN),
Bach and colleagues (7) summarized literature from 1996–
2012 to form the basis for the clinical practice guideline of
the ACCP and ASCO. The average nodule detection rate
per round of screening was 20%, but varied from 3–30% in
RCTs and 5–51% in cohort studies. Most studies reported
that >90% of nodules were benign. Based on this review, the
National Cancer Institute (NCI) (16) described a median
false positive rate of 20.5% (range, 1–49%) on baseline
screens and 9.5% (range, 1–42%) on follow-up screens.
False positive rates are generally lower on post-baseline
screens because a nodule’s growth rate can be assessed when
there is a previous screen available, and stable nodules are
often denoted as negative screens in subsequent rounds.
Humphrey et al. (8) summarized 63 papers including
7 RCTS (1,18-23) in an updated review of lung cancer
screening for the USPSTF in 2013, focusing on
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Table 1 Summary of systematic reviews and meta-analyses on harm of LDCT for lung cancer screening
Author

Published
year

Study year

Studies
included

Radiation exposure
(mSv/scan)

Bach (7)

2012

1996–2012

20 (7 RCT)

Humphrey (8)

2013

2000–2012

Usman Ali (9)

2016

Coureau (10)

Overdiagnosis, %

False positive, %, (range)
Overall

Baseline

NLST:1.5, (~8 mSv/
Cannot yet be
participant over 3 years) estimated

N/A

20.5 (range, 1–49) 9.5 (range, 1–42)

63 (7 RCTs)

0.61–1.5 (4 studies)

Insufficient
follow up to fully
evaluate

N/A

Through 2015

31 for harm
(13 RCTs for
benefit)

N/A

10.99–25.83
(4 studies)

2016

2003–2014

10 (Only RCT)

N/A

Fu (11)

2016

1994–2013

5 (Only RCT)

Mazzone (6)

2018

Through 2017

Huang (12)

2019

Hoffman (13)
Jonas (14)

Major complications from invasive work up

Death after invasive procedures

Overall

With benign result

Overall

With benign result

N/A

LDCT: 1.5/10,000;
CXR: 0.7/10,000 (1 study:
NLST)

Included noninvasive
work up: LDCT - 0.36%,
4.5/10,000; CXR 1.5/10,000 (1 study:
NLST)

LDCT: 3.4/10,000;
CXR: 2.2/10,000
(1 study: NLST)

Included noninvasive
work up: LDCT - 0.06%,
4.1/10,000;
CXR -1.1/10,000 (1 study:
NLST)

79–96
N/A
(in cohort studies)

N/A

N/A

N/A

N/A

N/A

N/A

25.53 (7.90–26.23) 23.28 (0.64–69.0)
(3 studies)
(9 studies, multi
rounds)

Minor procedure: 9.74 (95%
CI: 4.34–15.15) per 1,000
screened;
Major procedures: 5.28 (95%
CI: 3.94–6.62) per 1,000
screened

52.03 (95% CI: 15.77–
88.28) per 1,000 patients
undergoing invasive
procedures

N/A

11.18 deaths (95% CI:
5.07–17.28) per 1,000
patients undergoing
invasive testing (7
studies)

N/A

N/A

7–23%
(overall)

N/A

N/A

Surgery, 9–32% of
interventions

N/A

N/A

N/A

N/A

N/A

N/A

LDCT vs.
control (OR
8.7, 95% CI:
7.43–10.19)

N/A

N/A

N/A

N/A

N/A

N/A

N/A

59

N/A

N/A

N/A

N/A

N/A

Surgery: LDCT - 4.7 per 1,000
screened, CXR - 2.6 per 1,000
screened

LDCT: 0.8–3.1 per 1,000
screened (3.7–8.2% of
procedures)

N/A

7.7 deaths per 1,000
patients undergoing
invasive procedures

N/A

Through 2019

9 (Only RCT)

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Death (2 studies) LDCT: 19/2129 (0.89%)
invasive procedures;
CXR 11/792 (1.4%)
invasive procedures, RR
0.64 (95% CI: 0.30–1.33)

N/A

2020

2011–2020

9 (Only RCT)

N/A

33 (6 studies)

8% (95% CI:
4–15)

N/A

N/A

17 in 1,000 subjects with a
false positive LDCT

N/A

0.4 in 1,000

N/A

N/A

2020

2012–2019

223

0.65–2.36

0–67

N/A

Overall:7.9–49.3;
RCTs: 7.9–26.9;
Cohort: 9.6–49.3

Overall: 0.6–28.6;
RCTs: 0.6–27.2;
Cohort: 5.0–28.6

Needle biopsy 0.09–0.56%;
N/A
Surgery 0.5–1.3%;
Surgical resection 0.1–0.5% of
all screened

Needle biopsy 0.03–
0.07% of all screened

N/A

N/A

N/A

Overall: 38%
N/A
(95% CI: 14–63%);
Sensitivity
analysis: 49%
(95% CI: 11–87%)

N/A

N/A

N/A

N/A

N/A

N/A

Brodersen (15) 2020

No restrictions 5 (Only RCT)

Follow-up

Invasive procedure following a
false positive result

N/A

LDCT, low-dose computed tomography; CXR, chest X-ray; NLST, National Lung Screening Trial; RCT, randomized control trial; RR, risk ratio; T0, baseline round; Tfu, follow up round, N/A, not applicable.
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effectiveness as well as potential risks and harms. The
number of positive examinations on baseline screens ranged
from 9.2–39% in the RCTs and 9.8–51% in the cohort
studies (24-27), with most in the 10–20% range. The
positive predictive value (PPV) for an abnormal baseline
finding showing cancer ranged from 2.2–36% in the RCTs.
Among the cohort studies, the PPV of abnormal baseline
scans requiring further evaluations ranged from 4–21%,
such that 79–96% of positive baseline scans did not result in
a diagnosis of cancer.
Ali and colleagues (9) evaluated evidence for the
Canadian Task Force on Preventive Health Care (CTFPHC)
lung cancer screening guidelines with a systematic review
focused on benefits and harms of screening in average-tohigh-risk adults for lung cancer using chest X-ray (CXR),
sputum cytology (SC) and LDCT. Thirty-four studies were
included, 13 RCTs for benefits and 31 studies for harms.
There was a median false positive rate of 25.53% (range,
7.90–26.23%) for baseline screen/once-only screening
(3 studies) and 23.28% (range, 0.64–69.0%) for multiple
rounds (9 studies). In a similar effort for the French
National Authority for Health, Coureau and colleagues (10)
reviewed 10 RCTs on the effectiveness, acceptability and
safety of lung cancer screening with LDCT in smokers.
False positives among LDCTs ranged from 7% to 23%.
Among positive screening LDCTs, 91–96% were false
positives, corresponding to a positive predictive value
between 4% and 9%.
In a formal meta-analysis, Fu et al. (11) investigated the
effect of LDCT on screening for lung cancers in smokers
over age 49 years in studies from 1994-2013. Five RCTs
(DLCST, DANTE, Garg, ITALUNG, and LSS) showed
that the odds of false positive for LDCT compared to CXR
or usual care was 41.77 (95% CI: 5.18–336.95); although,
there was significant heterogeneity in the data (chi2=186.98,
I2=98%, P<0.001). In a more modern meta-analysis of 9
RCTs (96,559 patients) (13) conducted between January
2011 to April 2020, Hoffman demonstrated a pooled false
positive rate of 8% (95% CI: 4–18%), with <1 in 1,000
risk of major complication following invasive diagnostic
procedures performed in these false positive cases.
Currently, “the USPSTF Recommendation Statement
on Lung Cancer Screening is being updated, but it and its
supporting Evidence Review are still in draft form”. Jonas
et al. (14) evaluated LDCT in the U.S. primary care setting
for the U.S. Preventive Services Task Force, summarizing
27 publications. The range of overall false positives was
7.9–49.3% for baseline screening and 0.6–28.6% for follow-
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up screens. For the RCTs, the false positive rates ranged
from 7.9–26.9% for baseline screening, and 0.6–27.2% for
incidence screening. For cohort studies, the rates ranged
from 9.6–49.3% for baseline screening and 5.0–28.6% for
follow-up screens. False positive rates generally decreased
with each screening round.
The NLST classified CTs with at least one noncalcified
nodule larger than 4 mm in greatest transverse dimension
as positive and reported false positive rates of 26.3% at
baseline and 27.2% and 15.9% for the two subsequent
screening rounds, respectively (1). Patients age 65 years
or older had false positives rate in baseline, 1 st and 2 nd
subsequent rounds of 30.3%, 31.5%, 19.5%, respectively,
all higher than the rates of 24.8%, 25.7% and 14.6%,
respectively in younger patients (28). However, according
to the NLST protocol nodules that remained unchanged at
one year after discovery were still considered false positive
until they were found to be stable for 2 years and were
then considered to be benign, thus raising the rates of false
positive exams for annual rounds compared to protocols
that did not consider stable nodules at one year from
discovery as false positives.
Further analyses have suggested that the false positive
rate in the NLST would have been reduced by using a
larger nodule size threshold (17,29-33) or by not rounding
the size up to the nearest whole mm (34). The International
Early Lung Cancer Action Program (I-ELCAP)
investigators demonstrated the impact on false positive rates
on baseline CT using increasing thresholds of 5.0, 6.0, 7.0,
8.0, and 9.0 mm for solid or part-solid noncalcified nodules
in I-ELCAP (29) and NLST databases (30). Using 6 mm
instead of 5 mm would decrease false positive rates from
15.5% to 9.7%, and from 14.4% to 9.2%, for I-ELCAP and
NLST data, respectively, decreasing evaluations for positive
results by 36%, and 33.8% in each dataset, respectively.
These threshold increases would not have resulted in delays
in the diagnosis of lung cancer as corresponding delays up
to 9 months would have occurred in 0% and 0.9% cases
for I-ELCAP and NLST, respectively (14,29,30). The
I-ELCAP investigators also demonstrated that rounding
size up to the nearest whole mm increased false positive
rates up to 28.9% and 22.3% for baseline and repeat
rounds, respectively in their database (34).
Other adjustments to the cut-off for a positive nodule
based on consistency, size, and whether it is a baseline or
subsequent screen can likewise impact false positive rates.
For example, the Lung CT Screening Reporting and Data
System (Lung-RADS) version 1.0 classification system
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defined a positive baseline screen as a solid/part-solid
nodule ≥6 mm or non-solid nodule ≥20 mm and a positive
follow-up screen as a new solid nodule ≥4 mm, any size new
part-solid nodule or a new non-solid nodule ≥20 mm. Using
these criteria for the NLST population, Pinsky et al. (31)
demonstrated reduction in the false positive rate in baseline
rounds from 26.6% (95% CI: 26.1–27.1%) to 12.8% (95%
CI: 12.4–13.2%) and in subsequent rounds from 21.8%
(95% CI: 21.4–22.2%) to 5.3% (95% CI: 5.1–5.5%).
Harms of false positive evaluations
In addition to patient and provider anxiety over a positive
finding, the potential physical harm of a false positive result
manifests as result of the evaluation of a nodule found
on LDCT. The rate of actual harm from evaluation of a
positive finding varies in the literature depending on nodule
management protocol, operator expertise, and comorbid
conditions of the screening population included. Options
for management of a positive screen include surveillance
with serial CT, non-surgical biopsy, and surgical diagnosis.
Each approach has advantages and disadvantages and
the choice of strategy depends on the finding and
risk of malignancy in an individual patient (pre-test
probability) (35). The USPSTF draft (14) summarized
current data (1,14,24,26,28,36-45) on the percentage of
screening patients undergoing invasive testing for false
positive exams. The percentage of all screened patients
undergoing needle biopsy for a false positive result ranged
from 0.09–0.56%. Complication rates from needle biopsy
for false positives ranged from 0.03–0.07%. Surgical
procedures and surgical resections for false positives were
0.5–1.3% and 0.1–0.5%, respectively, for all screened
participants.
False positive results led to invasive procedures (needle
biopsy, thoracotomy, thoracoscopy, mediastinoscopy, and/
or bronchoscopy) in 1.7% of patients screened in the
NLST. Complications occurred in 0.1% of those screened,
with 0.03%, 0.05%, and 0.01% for major, intermediate,
and minor complications, respectively (1). The risk of
major complications following invasive procedures for a
false positive in the NLST was 4.1 per 10,000 screening
participants in the LDCT arm and 0.37 per 10,000
screening participants in the CXR arm (6). Patients 65
years or older had a higher rate of invasive procedures
after false positives, 3.3% compared to 2.7% for younger
patients (P=0.039) (28). Death within 60 days of the most
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invasive procedure performed occurred in 0.007% of those
screened (1). The risk of death following invasive
procedures for a false positive finding was 2.2 per 10,000
screening participants in the LDCT arm (6). As not all of
these deaths were directly related to the procedures, this
is the upper limit of risk of death. Moreover, using LungRADS criteria for the same data-set as described above
would have prevented 23% of all invasive procedures
associated with false positive exams (31). This is because,
based on Lung-RADS criteria, 180 cases of the NLST
false positives had at least one finding that would have been
followed with 3–6 months surveillance CT rather than
intervention. Among these 180, 13 would have ultimately
required an invasive procedure to rule out lung cancer, 0.4
(1 in 2,500 screened) would have had a major complication
from an invasive procedure, and 0.2 (1 in 5,000 screened)
would have died within 60 days of an invasive procedure
from any cause (33).
Usman Ali and colleagues (9) summarized the
consequences of false positives in multiple studies. Among
40,569 patients screened with LDCT in 8 studies
(28,38,41,46-50), 403 with benign conditions underwent
minor invasive procedures as part of diagnostic followup; resulting in an absolute number of 9.74 patients with
benign conditions undergoing minor invasive procedures
(95% CI: 4.34–15.15) per 1,000 screened. Among 66,535
patients in 17 studies (18,19,26,28,38,41,46,47,50-58) that
reported data on major invasive procedures, 411 underwent
major invasive procedures as part of the diagnostic
evaluation of false positive findings, resulting in an absolute
number of 5.28 patients with benign conditions undergoing
major invasive procedures (95% CI: 3.94–6.62) per 1,000
screened.
The risk of death or major morbidity associated with
invasive testing (including both lung cancer cases as well
as false positives) was also reported (9). Among 1,502
patients in 7 studies (1,23,26,52,55,59,60) reporting 30- and
60-day death, death within 60 days or due to postoperative
complications, 20 deaths were reported resulting in an
absolute number of 11.18 deaths (95% CI: 5.07–17.28)
per 1,000 patients undergoing invasive follow-up testing.
For 1,465 patients in 4 studies (1,26,57,60) including this
information, the rate of major complications following
invasive procedures in response to LDCT findings,
109 had major complications or morbidity, resulting in an
absolute number of 52.03 major complications (95% CI:
15.77–88.28) per 1,000 patients undergoing invasive followup procedures.
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Huang et al. (12) performed a meta-analysis of 9
RCTs that included 97,244 patients, only 2 of which
[NLST (1) and DANTE (56)] reported the mortality rate
from diagnostic invasive procedures resulting from lung
cancer screening. Nineteen deaths occurred after 2,129
invasive procedures in patients screened by LDCT and 11
deaths after 792 invasive procedures in the control group;
NLST compared LDCT and CXR (RR 0.60 (95% CI:
0.27–1.31) and DANTE compared LDCT and usual care
(RR 0.75 (95% CI: 0.07–8.02) for a combined RR 0.64
(95% CI: 0.30–1.33) for mortality after invasive procedures
following LDCT compared to control groups.
False negatives exams and missed lung cancers
False negatives exams are defined as CTs in which the
diagnosis of lung cancer is made after a negative CT screen,
resulting in missed lung cancer. This is infrequent but can
occur with very rapidly growing cancers especially those
that are endobronchial, and also as result of detection and
interpretation errors. Slice thickness, interval between
exams, and familiarity with lesions in blind spots (such
as cystic airspaces with thickened walls or consolidative
masses imitating pneumonia) are vital to accurate CT
interpretation (61,62).
In the NLST (1,62), 44 of 56,980 negative CT screens
over 3 annual screening rounds (0.08%), or 7.7 per 10,000
negative screens, were diagnosed with an interval lung
cancer within one year of a negative CT screen and before
the next annual screen. Retrospective review revealed 91%
(40/44) met the NLST criteria for a positive screen. The
most frequent of the retrospectively identified abnormalities
were: (I) noncalcified lung nodule larger than 4 mm (n=16),
(II) mediastinal mass or lymph node enlargement (n=8),
(III) hilar mass or lymph node enlargement (n=6) and (IV)
bronchial lesion (n=6). Among missed lung nodules, most
were located in hidden areas, such as a peripheral region
(n=11), near a vessel (n=4) or near the hilum (n=2). Three
missed nodules were associated with a cystic air-space. Most
patients (32/44, 73%) had stage III or IV lung cancer at
the time of diagnosis. Lung cancer mortality for these 44
cases was 80% (35/44), compared to 35% (225/649) for all
screen-detected cancers within the NLST follow-up period
(P<0.0001). The authors suggested that interval cancers
that developed between annual scans may have been more
aggressive (evolved more quickly due to faster doublingtime) or been of a higher pathological grade. Awareness of
frequently missed abnormalities and interpretation errors
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may decrease the rate of false negative CT screens (62).
The NELSON study (63) required the use of nodule
detection software, and interval cancers were diagnosed
in 34 of the 7,155 CT-screened patients after the first 3
screening rounds: baseline, 1 and 3 years after baseline.
Among a total of 20,100 negative scans out of total 20,563
scans over the 3 rounds with different screening intervals,
the false negative was 0.17%, or 16.9 per 10,000 negative
screens. A suspicious abnormality was retrospectively
identified in 22 of 34 (65%) interval cancers. Commonly
missed findings in these 22 cases were: (I) thickened walls
of bullae (n=5), (II) endobronchial lesions (n=5), (III)
nodules with pleural attachment (n=4) and (IV) lymph node
enlargement (n=3). In contrast to screen-detected cases,
interval cancers were associated with higher proportion
of stage III/IV disease (83 vs. 22%, P<0.0001), small-cell
carcinomas (20% vs. 4%; P=0.003) and histology other than
adenocarcinoma (74% vs. 48%; P=0.005) (63,64).
Many interval lung cancers diagnosed in studies from
1999–2002 occurred due to large (10-mm) slice thickness
resulting in missed lung cancers, most often in the setting
of faint nodules, sub-solid nodules, and/or laying adjacent
to normal structures (65,66). Kakinuma et al. (65) reported
the findings from 7 missed lung cancers at initial spiral
CT screening with 10-mm collimation of 1,443 patients
undergoing screening between 1993–1996. Minute missed
lung cancers included a nodule among shadows of old
tuberculosis (n=2), a faint nodule with high attenuation in
the center of the nodule (n=1), an increase in attenuation
just adjacent to an axial peripheral pulmonary vessel (n=1)
and adjacent to a craniocaudal peripheral pulmonary vessel
(n=1), and a minute faint nodule (n=2). Six (86%) cancers
were stage I. The authors concluded that minute nodules
representing lung cancer near the threshold of detectability
may be missed by spiral CT screening if the collimation is
large. It is important to examine noncalcified nodules with
thin-section CT even when lesions from prior disease exist
and to evaluate the shadows of pulmonary vessels carefully.
A study from the late 1990s by Li et al. (66) examined 32
cases of missed lung cancers on 39 CT scans with 10-mm
collimation, and a 10-mm reconstruction interval. Most
(88%) lung cancers were stage IA with a subtle or very
subtle lesion (25/39), small faint nodules (ground-glass
opacity (27/39), overlapping normal structures (19/23), or
opacities in a complex background of other disease (14/16).
Humphrey et al. (8) reported the sensitivity of LDCT
for detecting lung cancer from one RCT, NELSON (21),
as 96% in both baseline and incidence screens and from 5
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cohort studies (21,24,42,67,68) ranging from 80–100%,
implying a false negative ranging from 4–20%, with no
harms associated with false negative tests. In the draft of
the updated USPSTF review (14) they reported a mean
sensitivity among 9 RCTs (3,39,41,56,69-72) and 8 cohort
studies (24-26,42,67,68,73,74) of 80.3% (range, 59–95%)
and 93.3% (range, 87.7–100%), respectively.
Overdiagnosis
Overdiagnosis is defined as the diagnosis of a condition
that would not have become clinically significant had it not
been detected by screening. In the case of screening with
LDCT, overdiagnosis could lead to unnecessary treatment
for lung cancer that would not have had clinical impact,
such as surgery, chemotherapy, immunotherapy and/
or radiation therapy (14,16). Overdiagnosis is difficult to
quantify because a tumor cannot truly be called “clinically
insignificant” unless it is observed indefinitely without
treatment, causes no symptoms, and the patient ultimately
dies of another cause, a situation that is unlikely to be
permitted. The slow growth rate of tumors starting as nonsolid (pure ground-glass) nodules represents the indolent
behavior of lesions corresponding histologically as lepidicpredominant adenocarcinomas. These are the cancers
that are most at risk for “overdiagnosis” (6). The rate of
overdiagnosis varied depending on the duration of followup as cancers prove to be clinically more significant over
time (14).
The NLST (75) demonstrated 120 excess lung cancer
cases in the LDCT group compared with the chest
radiograph group (1,089 vs. 969) after a median follow-up of
6.5 years and suggested that the probability was 18.5% (95%
CI: 5.4–30.6%) that any lung cancer detected by screening
with LDCT was an overdiagnosis, and 78.9% (95% CI:
62.2–93.5%) that a sub-solid adenocarcinoma detected
by LDCT was an overdiagnosis. With an “overdiagnosis”
probability of 18.5%, Robbins et al. (33) estimated that
using Lung-RADS version 1.0 in the NLST (41 per 1,000
diagnosed with lung cancer), 4 cases could represent
overdiagnosis, and 3 could represent lung cancer deaths
prevented by screening. The NLST (76) reported cases of
overdiagnosis decreased when, after a median follow-up
11.3 years for incident cancer, only 20 excess cumulative
lung cancer cases were detected in the LDCT group
(1,701 vs. 1,681) with no statistically significant rate
of o v e r d ia g n o s is fo r C T c o mp a red to C XR ar ms
(RR=1.01, 95% CI: 0.95–1.09). In the subset of sub-solid
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adenocarcinomas, the RR of overdiagnosis for LDCT was
measured as 2.6 (95% CI: 1.9–3.7) (76). The USPSTF
draft (14) noted important methodologic limitations for
ascertaining lung cancer incidence and overdiagnosis in
the NLST. These included using different methods of
verification during trial years and post-trial years; lack
of information on any post-trial screening with LDCT;
missing data for lung cancer incidence for 11 out of 33
centers that did not have a home state cancer registry
available for linkage; and risk of biasing overdiagnosis
estimates toward the null because the comparison group
received CXR.
An excess of 40 lung cancers (344 vs. 304 from LDCT
and control group, respectively) were found in the
NELSON trial 10 years after randomization (3), which
suggests an overdiagnosis rate of 19.7%. After 11 years of
follow-up, however, the number of excess cases reduced
to 18, yielding an excess incidence overdiagnosis rate of
8.9% (3).
The rate of estimated ranges from 0–67% in the
literature (9,13-15). Usman Ali et al. (9) reported an
overdiagnosis rate of 10.99–25.83% depending on the
thresholds used to determine overdiagnosis across studies
(44,75,77,78): lead time 5.5 years with mean sojourn
time 2 years, lead time ≥5 years, tumor size 30 mm,
and tumor volume doubling time ≥400 days. Hoffman’s
meta-analysis (13) calculated an overdiagnosis rate of 33%
from 6 studies comparing LDCT with usual care, with
an excess of 171 cancers in the LDCT cohort among 515
screen-detected lung cancers. Based on 5 studies examining
overdiagnosis (44,75,79-81) and 7 studies reporting
differences in cancer incidence between LDCT and
control groups (1,3,19,20,82-84), Jonas et al. (14) estimated
anywhere from 0–67% chance that a screen-detected lung
cancer was overdiagnosed.
In a meta-analysis of 5 RCTs (2,3,79,82,85) reporting
lung cancer incidence in LDCT compared to no imaging
(“usual care”), Brodersen and colleagues (15) estimated that
at least 3.6 years of follow-up from last screening round
was required to avoid lead-time bias as this is the estimated
mean sojourn time in a preclinical phase before clinical
manifestation of a non-lepidic adenocarcinoma by using
convolution model (95% CI: 3–4.3 years) in a study of
overdiagnosis in LDCT screening for lung cancer by Patz
et al. (75) Of screen-detected cancers, 38% (95% CI:
14–63%) may have been overdiagnosed for all studies and
49% (95% CI: 11–87%) in a sensitivity analysis restricted to
the two trials (DLCST and LUSI) at low risk of bias in all
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domains of Cochrane’s Bias tool 2.0.
“Overdiagnosis” only confers harm if it renders
“overtreatment,” which is the actual treatment of cancers
that would otherwise not be clinically significant. By
identifying indolent tumors, modern screening protocols
include measures for conservative non-interventional
management of indolent-appearing lesions. For example,
the I-ELCAP protocol recommends that non-solid
nodules of any size be followed with annual repeat CT
and LungRADs recommends that non-solid nodules
≥20 mm (version 1.0) and ≥30 mm (version 1.1) be followed
with repeat CT in 6 months. By including strategies for
management that include ongoing surveillance for specific
indolent lesions, such measures mitigate overtreatment and
therefore minimize overdiagnosis.
Risks of radiation exposure with lung cancer
screening
While many of the other “risks” of lung cancer screening
may be overstated as result of improper thresholds or
misinterpretation of data, the actual risk of radiation
exposure is objective and quantifiable. This must be
calculated and risks adequately mitigated through use of
low-dose imaging.
The quantity most relevant for assessing the
carcinogenic risk of LDCT is the “effective dose,”
measured in millisieverts (mSv). The average annual dose
from environmental radiation in the U.S. is 3.1 mSv. The
patient’s body habitus plays an important role in designing
CT protocols. Scanning parameters such as tube current
and voltage must be higher for larger patients in order
to attain acceptable image quality (86). The American
College of Radiology (ACR) guidelines (87) specify that
the volumetric CT dose index (CTDIvol) for lung cancer
screening in average-sized patients (170 cm, 70 kg, BMI
24.1 kg/cm 2) should be ≤3 mGy/m 2. For comparison,
a typical effective dose for screening CT is ≤1.0 mSv.
According to the U.S. Food and Drug Administration
(FDA) (88), a CT examination with an effective dose of
10 mSv may be associated with an increase in the possibility
of fatal cancer of approximately 1 in 2000. Comparison to
the natural incidence of fatal cancer in the U.S. population,
about 400 in 2000, the risk of radiation-induced cancer is
much smaller than the natural risk of cancer, and extremely
small relative to the risk of death from lung cancer in
patients (e.g., smokers) requiring lung cancer screening (88).
The radiation associated with one LDCT scan ranged
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from 0.65 to 2.36 mSv in LDCT screening studies
(1,14,27,42-44,73,89-91). Recent LDCT lung cancerscreening trials, including ITALUNG, NELSON,
UK Lung Cancer Screening trial (UKLS), and NLST,
have specified patient weight-based adjustments of
tube parameters (86). The CTDI vol in ITALUNG was
3 . 4 – 3 . 6 m G y ( 2 2 ) , C T D I vol i n N E L S O N ( 9 2 ) &
UKLS (93) varied from 0.8 mGy in <50 kg to 3.2 mGy in
>80 kg, and CTDIvol in NLST (94) was 2.9±1 mGy (86).
Moreover, with recently available iterative reconstruction
techniques, it is possible to reduce radiation dose to well
under 1.0 mSv, with CTDI vol and DLP values as low as
0.46mGy and 16mGy, respectively (95).
ITALUNG (96) and COSMOS (91) evaluated the
cumulative radiation exposure of LDCT for screening
patients. The USPSTF draft (14) estimated cumulative
radiation exposure for 25 years of annual screens
from age 55–80 based on these studies for a total of
20.8–32.5 mSv. The ITALUNG trial (96) examined total
exposure cumulative over 4 annual LDCT examinations
and related further images including follow-up LDCT,
2-[18F]flu-2-deoxy-d-glucose positron emission tomography
(FDG-PET) and/or CT-guided fine needle aspiration
biopsy. The mean collective effective dose of radiation
ranged between 8.75 and 9.36 Sv and the mean effective
dose to a single patient over 4 years was between 6.2 and
6.8 mSv (range, 1.7–21.5 mSv). Of this total, 77.4% was
associated with the annual LDCT and 22.6% related
to further investigations. The estimated mean number
of radiation-induced cancers ranged between 0.12 and
0.33 per 1,000 subjects.
The COSMOS trial (91) followed 5,203 patients enrolled
between 2004-05 for at least 10 years with 42,228 LDCT
and 635 PET-CT scans performed. The median cumulative
effective dose at the 10th year of screening was 9.3 mSv for
men and 13.0 mSv for women. The numbers of lung cancer
and major cancer cases induced by 10 years of screening
in this cohort were 1.5 and 2.4, respectively, which
corresponded to an additional risk of induced major cancers
of 0.05% (2.4/5,203). With 259 lung cancers diagnosed in
10 years of screening, 1 radiation-induced major cancer
would be expected for every 108 (259/2.4) lung cancers
detected through LDCT screening.
Many investigators have modeled the risk of radiation
exposure from LDCT on the development of radiationinduced lung cancer. Bach et al. (7) calculated 1 cancer
death per 2,500 screens in those participating in a
screening program such as the NLST. Brenner (97)
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estimated that a 50-year-old female smoker who undergoes
annual CT lung screening until age 75 would incur an
estimated radiation-related lung cancer risk of 0.85%
in addition to her otherwise expected lung cancer risk
of approximately 17%. Frank et al. (98) estimated the
lifetime attributable risk of radiation-related lung cancer
mortality, assuming annual LDCT examinations from
age 55–74 years, to be approximately 0.07% for men and
0.14% for women. Gierada et al. (61) estimated that after
20 annual screening CT examinations, the increased risk
of cancer would be 0.22% in women and 0.12% in men,
and that of a fatal cancer attributable to screening CT of
0.1%. Jonas et al. (14) estimated the number of radiationinduced cancers to be 0.26–0.81 major cancers for every
1,000 people screened with 10 annual LDCTs. These
models, however, are based on hypothetical risk and
the American Association of Physicists in Medicine (99)
have stated that the epidemiological evidence supporting
increased cancer incidence or mortality from radiation
doses below 100 mSv is inconclusive as below:
“At the present time, epidemiological evidence
supporting increased cancer incidence or mortality from
radiation doses below 100 mSv is inconclusive. As diagnostic
imaging doses are typically much lower than 100 mSv, when
such exposures are medically appropriate, the anticipated
benefits to the patient are highly likely to outweigh any
small potential risks.
Given the lack of scientific consensus about potential
risks from low doses of radiation, predictions of
hypothetical cancer incidence and mortality from the use
of diagnostic imaging are highly speculative. The AAPM,
and other radiation protection organizations, specifically
discourages these predictions of hypothetical harm. Such
predictions can lead to sensationalistic stories in the public
media. This may lead some patients to fear or refuse safe
and appropriate medical imaging, to the detriment of the
patient.”
Conclusions
With the support of several decades of medical literature,
most clinicians and investigators consider the potential
risks of LDCT screening to be outweighed by the
benefit of reducing the risk of lung cancer death in highrisk populations. The wide range of values for each of
the “harms” described makes coherent discussion with
participants in screening programs challenging. This is in
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large part based on how findings such as false positives and
overdiagnosis are defined. Risk from radiation is especially
challenging given that the most prestigious society
evaluating its potential for harm explicitly warns against
making assumptions about low-dose radiation causing death
or leading to cancer. While it may be prudent to take a
cautious approach towards explaining harms, this review
strongly points towards the need to define better how we
quantify risks so that a more meaningful measure can be
provided to potential.
Acknowledgments
Funding: None.
Footnote
Provenance and Peer Review: This article was commissioned
by the Guest Editor Sandra Starnes for the series “Lung
Cancer Screening” published in Current Challenges in
Thoracic Surgery. The article has undergone peer review.
Reporting Checklist: The authors have completed the
narrative review checklist. Available at: http://dx.doi.
org/10.21037/ccts-2020-lcs-08
Conflicts of Interest: All authors have completed the ICMJE
uniform disclosure form (available at: http://dx.doi.
org/10.21037/ccts-2020-lcs-08). The series “Lung Cancer
Screening” was commissioned by the editorial office
without any funding or sponsorship. DY reports that he
is a named inventor on a number of patents and patent
applications relating to the evaluation of diseases of the
chest including measurement of nodules. Dr. DFY has
received financial compensation for the licensing of these
patents. In addition, he is a consultant and co-owner of
Accumetra, a private company developing tools to improve
the quality of CT imaging and is on the medical advisory
board of Carestream, a company that develops radiography
equipment and has consulted for AstraZeneca and Pfizer.
The authors have no other conflicts of interest to declare.”
Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Curr Chall Thorac Surg 2021 | http://dx.doi.org/10.21037/ccts-2020-lcs-08

Current Challenges in Thoracic Surgery, 2021

Page 10 of 14

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the noncommercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

11.

12.

References
1.

National Lung Screening Trial Research Team, Aberle
DR, Adams AM, et al. Reduced lung-cancer mortality with
low-dose computed tomographic screening. N Engl J Med
2011;365:395-409.
2. Pastorino U, Silva M, Sestini S, et al. Prolonged lung
cancer screening reduced 10-year mortality in the MILD
trial: new confirmation of lung cancer screening efficacy.
Ann Oncol 2019;30:1162-9.
3. de Koning HJ, van der Aalst CM, de Jong PA, et al.
Reduced Lung-Cancer Mortality with Volume CT
Screening in a Randomized Trial. N Engl J Med
2020;382:503-13.
4. Moyer VA; U.S. Preventive Services Task Force.
Screening for lung cancer: U.S. Preventive Services
Task Force recommendation statement. Ann Intern Med
2014;160:330-8.
5. Wender R, Fontham ET, Barrera E Jr, et al. American
Cancer Society lung cancer screening guidelines. CA
Cancer J Clin 2013;63:107-17.
6. Mazzone PJ, Silvestri GA, Patel S, et al. Screening for
Lung Cancer: CHEST Guideline and Expert Panel
Report. Chest 2018;153:954-85.
7. Bach PB, Mirkin JN, Oliver TK, et al. Benefits and harms
of CT screening for lung cancer: a systematic review.
JAMA 2012;307:2418-29.
8. Humphrey L, Deffebach M, Pappas M, et al. U.S.
Preventive Services Task Force Evidence Syntheses,
formerly Systematic Evidence Reviews. Screening for Lung
Cancer: Systematic Review to Update the U.S. Preventive
Services Task Force Recommendation. Rockville (MD):
Agency for Healthcare Research and Quality (US), 2013.
9. Usman Ali M, Miller J, Peirson L, et al. Screening for lung
cancer: A systematic review and meta-analysis. Prev Med
2016;89:301-14.
10. Coureau G, Salmi LR, Etard C, et al. Low-dose computed

© Current Challenges in Thoracic Surgery. All rights reserved.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

tomography screening for lung cancer in populations
highly exposed to tobacco: A systematic methodological
appraisal of published randomised controlled trials. Eur J
Cancer 2016;61:146-56.
Fu C, Liu Z, Zhu F, et al. A meta-analysis: is lowdose computed tomography a superior method for
risky lung cancers screening population? Clin Respir J
2016;10:333-41.
Huang KL, Wang SY, Lu WC, et al. Effects of lowdose computed tomography on lung cancer screening:
a systematic review, meta-analysis, and trial sequential
analysis. BMC Pulm Med 2019;19:126.
Hoffman RM, Atallah RP, Struble RD, et al. Lung Cancer
Screening with Low-Dose CT: a Meta-Analysis. J Gen
Intern Med 2020;35:3015-25.
Jonas DE, Reuland DS, Reddy SM, et al. Screening for
Lung Cancer With Low-Dose Computed Tomography:
An Evidence Review for the U.S. Preventive Services Task
Force. AHRQ Publication No. 20-05266-EF-1. 2020.
Brodersen J, Voss T, Martiny F, et al. Overdiagnosis
of lung cancer with low-dose computed tomography
screening: meta-analysis of the randomised clinical trials.
Breathe (Sheff) 2020;16:200013.
NIH. PDQ Lung Cancer Screening. Available online:
https://www.cancer.gov/types/lung/hp/lung-screening-pdq
Pinsky PF, Bellinger CR, Miller DP Jr. False-positive
screens and lung cancer risk in the National Lung
Screening Trial: Implications for shared decision-making.
J Med Screen 2018;25:110-2.
Saghir Z, Dirksen A, Ashraf H, et al. CT screening for
lung cancer brings forward early disease. The randomised
Danish Lung Cancer Screening Trial: status after five
annual screening rounds with low-dose CT. Thorax
2012;67:296-301.
Pastorino U, Rossi M, Rosato V, et al. Annual or biennial
CT screening versus observation in heavy smokers:
5-year results of the MILD trial. Eur J Cancer Prev
2012;21:308-15.
Gohagan J, Marcus P, Fagerstrom R, et al. Baseline
findings of a randomized feasibility trial of lung cancer
screening with spiral CT scan vs chest radiograph: the
Lung Screening Study of the National Cancer Institute.
Chest 2004;126:114-21.
van Klaveren RJ, Oudkerk M, Prokop M, et al.
Management of lung nodules detected by volume CT
scanning. N Engl J Med 2009;361:2221-9.
Lopes Pegna A, Picozzi G, Mascalchi M, et al. Design,

Curr Chall Thorac Surg 2021 | http://dx.doi.org/10.21037/ccts-2020-lcs-08

Current Challenges in Thoracic Surgery, 2021

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

recruitment and baseline results of the ITALUNG trial
for lung cancer screening with low-dose CT. Lung Cancer
2009;64:34-40.
Infante M, Cavuto S, Lutman FR, et al. A randomized
study of lung cancer screening with spiral computed
tomography: three-year results from the DANTE trial.
Am J Respir Crit Care Med 2009;180:445-53.
Menezes RJ, Roberts HC, Paul NS, et al. Lung cancer
screening using low-dose computed tomography in atrisk individuals: the Toronto experience. Lung Cancer
2010;67:177-83.
Henschke CI, Yankelevitz DF, Smith JP, et al. CT
screening for lung cancer Assessing a regimen's diagnostic
performance. Clin Imaging 2004;28:317-21.
Veronesi G, Bellomi M, Mulshine JL, et al. Lung cancer
screening with low-dose computed tomography: a noninvasive diagnostic protocol for baseline lung nodules.
Lung Cancer 2008;61:340-9.
Veronesi G, Bellomi M, Scanagatta P, et al. Difficulties
encountered managing nodules detected during a
computed tomography lung cancer screening program. J
Thorac Cardiovasc Surg 2008;136:611-7.
Pinsky PF, Gierada DS, Hocking W, et al. National Lung
Screening Trial findings by age: Medicare-eligible versus
under-65 population. Ann Intern Med 2014;161:627-33.
Henschke CI, Yip R, Yankelevitz DF, et al. Definition of
a positive test result in computed tomography screening
for lung cancer: a cohort study. Ann Intern Med
2013;158:246-52.
Yip R, Henschke CI, Yankelevitz DF, et al. CT screening
for lung cancer: alternative definitions of positive test
result based on the national lung screening trial and
international early lung cancer action program databases.
Radiology 2014;273:591-6.
Pinsky PF, Gierada DS, Black W, et al. Performance of
Lung-RADS in the National Lung Screening Trial: a
retrospective assessment. Ann Intern Med 2015;162:485-91.
Chung K, Jacobs C, Scholten ET, et al. Lung-RADS
Category 4X: Does It Improve Prediction of Malignancy
in Subsolid Nodules? Radiology 2017;284:264-71.
Robbins HA, Callister M, Sasieni P, et al. Benefits and
harms in the National Lung Screening Trial: expected
outcomes with a modern management protocol. Lancet
Respir Med 2019;7:655-6.
Li K, Yip R, Avila R, et al. Size and Growth Assessment
of Pulmonary Nodules: Consequences of the Rounding. J
Thorac Oncol 2017;12:657-62.

© Current Challenges in Thoracic Surgery. All rights reserved.

Page 11 of 14

35. Gould MK, Donington J, Lynch WR, et al. Evaluation
of individuals with pulmonary nodules: when is it lung
cancer? Diagnosis and management of lung cancer, 3rd
ed: American College of Chest Physicians evidence-based
clinical practice guidelines. Chest 2013;143:e93S-120S.
36. National Lung Screening Trial Research Team, Church
TR, Black WC, et al. Results of initial low-dose computed
tomographic screening for lung cancer. N Engl J Med
2013;368:1980-91.
37. Becker N, Motsch E, Gross ML, et al. Randomized study
on early detection of lung cancer with MSCT in Germany:
study design and results of the first screening round. J
Cancer Res Clin Oncol 2012;138:1475-86.
38. Lopes Pegna A, Picozzi G, Falaschi F, et al. Four-year
results of low-dose CT screening and nodule management
in the ITALUNG trial. J Thorac Oncol 2013;8:866-75.
39. Field JK, Duffy SW, Baldwin DR, et al. UK Lung Cancer
RCT Pilot Screening Trial: baseline findings from
the screening arm provide evidence for the potential
implementation of lung cancer screening. Thorax
2016;71:161.
40. Wagnetz U, Menezes RJ, Boerner S, et al. CT
screening for lung cancer: implication of lung biopsy
recommendations. AJR Am J Roentgenol 2012;198:351-8.
41. Croswell JM, Baker SG, Marcus PM, et al. Cumulative
incidence of false-positive test results in lung cancer
screening: a randomized trial. Ann Intern Med
2010;152:505-12, W176-80. Erratum in: Ann Intern Med
2010;152:759.
42. Swensen SJ, Jett JR, Hartman TE, et al. CT screening for
lung cancer: five-year prospective experience. Radiology
2005;235:259-65.
43. Walker BL, Williamson C, Regis SM, et al. Surgical
outcomes in a large, clinical, low-dose computed
tomographic lung cancer screening program. Ann Thorac
Surg 2015;100:1218-23.
44. Veronesi G, Maisonneuve P, Bellomi M, et al. Estimating
overdiagnosis in low-dose computed tomography
screening for lung cancer: a cohort study. Ann Intern Med
2012;157:776-84.
45. Infante M, Chiesa G, Solomon D, et al. Surgical
procedures in the DANTE trial, a randomized study
of lung cancer early detection with spiral computed
tomography: comparative analysis in the screening and
control arm. J Thorac Oncol 2011;6:327-35.
46. MacRedmond R, McVey G, Lee M, et al. Screening for
lung cancer using low dose CT scanning: results of 2 year

Curr Chall Thorac Surg 2021 | http://dx.doi.org/10.21037/ccts-2020-lcs-08

Page 12 of 14

follow up. Thorax 2006;61:54-6.
47. Sobue T, Moriyama N, Kaneko M, et al. Screening for
lung cancer with low-dose helical computed tomography:
anti-lung cancer association project. J Clin Oncol
2002;20:911-20.
48. Henschke CI, Naidich DP, Yankelevitz DF, et al. Early
Lung Cancer Action Project: initial findings on repeat
screening. Cancer 2001;92:153-9.
49. Nahorecki A, Chabowski M, Kuźniar T, et al. Lowdose computer tomography as a screening tool for lung
cancer in a high risk population. Adv Exp Med Biol
2015;852:31-7.
50. Horeweg N, van der Aalst CM, Vliegenthart R, et al.
Volumetric computed tomography screening for lung
cancer: three rounds of the NELSON trial. Eur Respir J
2013;42:1659.
51. Pastorino U, Bellomi M, Landoni C, et al. Early lungcancer detection with spiral CT and positron emission
tomography in heavy smokers: 2-year results. Lancet
2003;362:593-7.
52. Crestanello JA, Allen MS, Jett JR, et al. Thoracic surgical
operations in patients enrolled in a computed tomographic
screening trial. J Thorac Cardiovasc Surg 2004;128:254-9.
53. Blanchon T, Bréchot JM, Grenier PA, et al. Baseline
results of the Depiscan study: a French randomized pilot
trial of lung cancer screening comparing low dose CT
scan (LDCT) and chest X-ray (CXR). Lung Cancer
2007;58:50-8.
54. Callol L, Roig F, Cuevas A, et al. Low-dose CT: a useful
and accessible tool for the early diagnosis of lung cancer in
selected populations. Lung Cancer 2007;56:217-21.
55. Diederich S, Thomas M, Semik M, et al. Screening
for early lung cancer with low-dose spiral computed
tomography: results of annual follow-up examinations in
asymptomatic smokers. Eur Radiol 2004;14:691-702.
56. Infante M, Cavuto S, Lutman FR, et al. Long-term followup results of the DANTE trial, a randomized study of lung
cancer screening with spiral computed tomography. Am J
Respir Crit Care Med 2015;191:1166-75.
57. Rzyman W, Dziedzic R, Jelitto-Górska M, et al. Results of
an open-access lung cancer screening program with lowdose computed tomography: the Gdańsk experience. Pol
Arch Med Wewn 2015;125:232-9.
58. Wilson DO, Weissfeld JL, Fuhrman CR, et al. The
Pittsburgh Lung Screening Study (PLuSS) outcomes
within 3 years of a first computed tomography scan. Am J
Respir Crit Care Med 2008;178:956-61.

© Current Challenges in Thoracic Surgery. All rights reserved.

Current Challenges in Thoracic Surgery, 2021

59. Rzyman W, Jelitto-Gorska M, Dziedzic R, et al. Diagnostic
work-up and surgery in participants of the Gdansk lung
cancer screening programme: the incidence of surgery for
non-malignant conditions. Interact Cardiovasc Thorac
Surg 2013;17:969-73.
60. Petersen RH, Hansen HJ, Dirksen A, et al. Lung cancer
screening and video-assisted thoracic surgery. J Thorac
Oncol 2012;7:1026-31.
61. Gierada DS, Black WC, Chiles C, et al. Low-Dose CT
Screening for Lung Cancer: Evidence from 2 Decades of
Study. Radiol Imaging Cancer 2020;2:e190058.
62. Gierada DS, Pinsky PF, Duan F, et al. Interval lung
cancer after a negative CT screening examination: CT
findings and outcomes in National Lung Screening Trial
participants. Eur Radiol 2017;27:3249-56.
63. Scholten ET, Horeweg N, de Koning HJ, et al. Computed
tomographic characteristics of interval and post screen
carcinomas in lung cancer screening. Eur Radiol
2015;25:81-8.
64. Horeweg N, Scholten ET, de Jong PA, et al. Detection of
lung cancer through low-dose CT screening (NELSON):
a prespecified analysis of screening test performance and
interval cancers. Lancet Oncol 2014;15:1342-50.
65. Kakinuma R, Ohmatsu H, Kaneko M, et al. Detection
Failures in Spiral CT Screening for Lung Cancer: Analysis
of CT Findings. Radiology 1999;212:61-6.
66. Li F, Sone S, Abe H, et al. Lung cancers missed at lowdose helical CT screening in a general population:
comparison of clinical, histopathologic, and imaging
findings. Radiology 2002;225:673-83.
67. Toyoda Y, Nakayama T, Kusunoki Y, et al. Sensitivity and
specificity of lung cancer screening using chest low-dose
computed tomography. Br J Cancer 2008;98:1602-7.
68. Tsushima K, Sone S, Hanaoka T, et al. Radiological
diagnosis of small pulmonary nodules detected on lowdose screening computed tomography. Respirology
2008;13:817-24.
69. Pedersen JH, Ashraf H, Dirksen A, et al. The Danish
randomized lung cancer CT screening trial—overall
design and results of the prevalence round. J Thorac
Oncol 2009;4:608-14.
70. Becker N, Motsch E, Gross ML, et al. Randomized study
on early detection of lung cancer with MSCT in Germany:
results of the first 3 years of follow-up after randomization.
J Thorac Oncol 2015;10:890-6.
71. Sverzellati N, Silva M, Calareso G, et al. Low-dose
computed tomography for lung cancer screening:

Curr Chall Thorac Surg 2021 | http://dx.doi.org/10.21037/ccts-2020-lcs-08

Current Challenges in Thoracic Surgery, 2021

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

comparison of performance between annual and biennial
screen. Eur Radiol 2016;26:3821-9.
Pinsky PF, Gierada DS, Nath H, et al. ROC curves for
low-dose CT in the National Lung Screening Trial. J Med
Screen 2013;20:165-8.
Crucitti P, Gallo I, Santoro G, et al. Lung cancer screening
with low dose CT: experience at Campus Bio-Medico of
Rome on 1500 patients. Minerva Chir 2015;70:393-9.
Tammemagi MC, Schmidt H, Martel S, et al. Participant
selection for lung cancer screening by risk modelling (the
Pan-Canadian Early Detection of Lung Cancer [PanCan]
study): a single-arm, prospective study. Lancet Oncol
2017;18:1523-31.
Patz EF Jr, Pinsky P, Gatsonis C, et al. Overdiagnosis in
low-dose computed tomography screening for lung cancer.
JAMA Intern Med 2014;174:269-74.
Lung Cancer Incidence and Mortality with Extended
Follow-up in the National Lung Screening Trial. J Thorac
Oncol 2019;14:1732-42.
Sone S, Nakayama T, Honda T, et al. Long-term followup study of a population-based 1996-1998 mass screening
programme for lung cancer using mobile low-dose spiral
computed tomography. Lung Cancer 2007;58:329-41.
Duffy SW, Field JK, Allgood PC, et al. Translation of
research results to simple estimates of the likely effect of a
lung cancer screening programme in the United Kingdom.
Br J Cancer 2014;110:1834-40.
Heleno B, Siersma V, Brodersen J. Estimation of
overdiagnosis of lung cancer in low-dose computed
tomography screening: a secondary analysis of the
Danish lung cancer screening trial. JAMA Intern Med
2018;178:1420-2.
Thalanayar PM, Altintas N, Weissfeld JL, et al.
Indolent, potentially inconsequential lung cancers in the
Pittsburgh Lung Screening study. Ann Am Thorac Soc
2015;12:1193-6.
Young RP, Duan F, Chiles C, et al. Airflow Limitation and
Histology Shift in the National Lung Screening Trial. The
NLST-ACRIN Cohort Substudy. Am J Respir Crit Care
Med 2015;192:1060-7.
Paci E, Puliti D, Lopes Pegna A, et al. Mortality, survival
and incidence rates in the ITALUNG randomised lung
cancer screening trial. Thorax 2017;72:825-31.
Infante M, Lutman FR, Cavuto S, et al. Lung cancer
screening with spiral CT: baseline results of the
randomized DANTE trial. Lung Cancer 2008;59:355-63.
Ashraf H, Tønnesen P, Holst Pedersen J, et al. Effect of

© Current Challenges in Thoracic Surgery. All rights reserved.

Page 13 of 14

85.

86.

87.
88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

CT screening on smoking habits at 1-year follow-up in the
Danish Lung Cancer Screening Trial (DLCST). Thorax
2009;64:388-92.
Becker N, Motsch E, Trotter A, et al. Lung cancer
mortality reduction by LDCT screening—Results
from the randomized German LUSI trial. Int J Cancer
2020;146:1503-13.
Murugan VA, Kalra MK, Rehani M, et al. Lung Cancer
Screening: Computed Tomography Radiation and
Protocols. J Thorac Imaging 2015;30:283-9.
AAPM. Lung Cancer Screening CT Protocols Version 5.1.
2019.
FDA. What are the Radiation Risks from CT? Available
online: https://www.fda.gov/radiation-emitting-products/
medical-x-ray-imaging/what-are-radiation-risks-ct
Wille MM, Dirksen A, Ashraf H, et al. Results of the
randomized Danish lung cancer screening trial with
focus on high-risk profiling. Am J Respir Crit Care Med
2016;193:542-51.
Field JK, Duffy SW, Baldwin DR, et al. The UK Lung
Cancer Screening trial: a pilot randomised controlled
trial of low-dose computed tomography screening for
the early detection of lung cancer. Health Technol Assess
2016;20:1-146.
Rampinelli C, De Marco P, Origgi D, et al. Exposure to
low dose computed tomography for lung cancer screening
and risk of cancer: secondary analysis of trial data and riskbenefit analysis. BMJ 2017;356:j347.
Ru Zhao Y, Xie X, de Koning HJ, et al. NELSON lung
cancer screening study. Cancer Imaging 2011;11 Spec No
A:S79-84.
Baldwin DR, Duffy SW, Wald NJ, et al. UK Lung Screen
(UKLS) nodule management protocol: modelling of a
single screen randomised controlled trial of low-dose CT
screening for lung cancer. Thorax 2011;66:308-13.
National Lung Screening Trial Research Team, Aberle
DR, Berg CD, et al. The National Lung Screening Trial:
overview and study design. Radiology 2011;258:243-53.
Braun FM, Johnson TR, Sommer WH, et al. Chest CT
using spectral filtration: radiation dose, image quality, and
spectrum of clinical utility. Eur Radiol 2015;25:1598-606.
Mascalchi M, Mazzoni LN, Falchini M, et al. Dose
exposure in the ITALUNG trial of lung cancer screening
with low-dose CT. Br J Radiol 2012;85:1134-9.
Brenner DJ. Radiation risks potentially associated with
low-dose CT screening of adult smokers for lung cancer.
Radiology 2004;231:440-5.

Curr Chall Thorac Surg 2021 | http://dx.doi.org/10.21037/ccts-2020-lcs-08

Page 14 of 14

98. Frank L, Christodoulou E, Kazerooni EA. Radiation risk
of lung cancer screening. Semin Respir Crit Care Med
2013;34:738-47.
99. AAPM. AAPM Position Statement on Radiation

Current Challenges in Thoracic Surgery, 2021

Risks from Medical Imaging Procedures. Available
online: https://www.aapm.org/org/policies/details.
asp?id=318&type=PP&current=true

doi: 10.21037/ccts-2020-lcs-08
Cite this article as: Triphuridet N, Yankelevitz DF, Wolf A. A
narrative review of lung cancer screening: risks of lung cancer
screening. Curr Chall Thorac Surg 2021.

© Current Challenges in Thoracic Surgery. All rights reserved.

Curr Chall Thorac Surg 2021 | http://dx.doi.org/10.21037/ccts-2020-lcs-08

