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moderate certainty). In terms of cost, LDCT resulted in an additional soci-
etal burden of €2,026,422.00 per 100 000 individuals screened compared to
no screening. The magnitude of overdiagnosis in LDCT screening is likely
low compared to CXR.

1. Introduction

Lung cancer is the leading cause of cancer-related
morbidity and mortality worldwide, with nearly 2.5
million new cases and over 1.8 million deaths annually
[1]. Screening with low-dose computed tomography
(LDCT) has been shown to detect lung cancer at ear-
lier, potentially more treatable stages. A systematic
review of randomized clinical trials has shown mortal-
ity reductions in lung cancer of 14% and all-cause
mortality of 4% [2,3]. However, early detection does
not always translate into improved clinical outcomes,
as some detected cancers are indolent and would never
have caused symptoms or affected a patient’s lifespan.
This phenomenon, known as overdiagnosis, is a key
concern in screening programs, as it leads to unneces-
sary treatments, psychological distress, and increased
healthcare costs [4].

Overdiagnosis occurs when screening identifies
malignancies that would have remained asymptomatic
or progressed too slowly to impact a patient’s health
[4,5]. This issue is particularly challenging in lung can-
cer, where LDCT often identifies small lesions
(< 1 cm), many of which are benign and a few that
are malignant but that may never become clinically
relevant [6]. At the same time, lung cancer often pro-
gresses relatively rapidly compared to other cancers
like colorectal or gastric [7], a duality that demands
accurate clinical management that rapidly diagnoses
harmful cancer while avoiding overdiagnosis. A suffi-
ciently long post-screening follow-up period is crucial
to observe a “catch-up” in diagnoses within the
non-screened population and help determine whether
early-detected cancers in the screened group reflect
lead-time effect or true overdiagnosis [3,8—10].

Beyond clinical implications, overdiagnosis has con-
siderable psychological and economic consequences
due to unnecessary diagnostic procedures (e.g.,
follow-up imaging, biopsies), overtreatment (e.g., sur-
gery, radiation, chemotherapy), and extended patient
monitoring [11,12]. The financial burden of overdiag-
nosis not only affects individual patients but also
places strain on healthcare systems by diverting
resources from more urgent needs. In the context of
lung cancer, the economic implications of screening

have gained traction [12-14]; however, few have com-
prehensively evaluated the financial impact attributable
to overdiagnosis.

Despite the growing adoption of LDCT screening,
high-quality systematic reviews that simultaneously
assess the magnitude of overdiagnosis, its associated
harms, and economic impact remain scarce. Addres-
sing this gap is crucial to support informed
policy-making in lung cancer screening programs. This
systematic review was undertaken in the context of the
update of the European Code Against Cancer, 5th edi-
tion (ECACS) project [15]. It aims to quantify the
extent of overdiagnosis from LDCT screening, evalu-
ate the potential clinical harms associated with unnec-
essary diagnoses and treatments, and estimate the
financial burden of overdiagnosis compared to no
screening or chest X-ray (CXR).

2. Materials and methods

We performed a systematic review to assess the magni-
tude and harms of LDCT screening following rapid
review guidance developed by the Cochrane Rapid
Reviews Methods Group [16] and adhered to the Pre-
ferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) statement [17]. This rapid
review was guided by a protocol reviewed by the
guideline panel and registered in PROSPERO
(CRD42025641923).

To evaluate the economic impact of overdiagnosis,
we followed the recommendations of the National
Institute for Health and Care Excellence (NICE) for
incorporating economic evaluation in clinical practice
guidelines (CPGs) handbook, the GRADE working
group guidance, and reported this in accordance with
the Consolidated Health Economic Evaluation Report-
ing Standards 2022 [18].

2.1. Eligibility criteria and searches

We included randomized controlled trials (RCTs)
involving adults at higher risk of lung cancer (e.g., as
determined by their history of smoking tobacco and
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age or by a multivariable risk-prediction model), using
volumetric-based or diameter-based screening per-
formed in any periodicity. To assess the economic
impact of overdiagnosis, we included any type of study
(e.g., piggyback clinical studies, cost-effectiveness stud-
ies) reporting costs associated with overdiagnosis due
to LDCT screening, either direct (e.g., resource use or
cost of illness studies) or indirect (e.g., burden of dis-
ease studies or other study designs quantifying
resource use as a secondary objective) in organized
population screening programs in European countries.
Based on previous modeling studies, we defined over-
diagnosis as persisting excess incidence after a
follow-up with no screening for at least 6 years, a
duration considered sufficient for a “catch-up” to
occur in the non-screened group [19,20]. Following the
guidance provided by the Cochrane Rapid Reviews
Methods Group [16], we limited the review to articles
in peer-reviewed journals, so we did not consider gray
literature or conference abstracts. We excluded studies
not published in English.

We performed comprehensive searches on May 15,
2024, in Medical Literature Analysis and Retrieval
System Online (MEDLINE), Excerpta Medica Data-
base (Embase), and Cochrane Central Register of Con-
trolled Trials (CENTRAL) databases (see the full
search strategy in the Table S1). To identify additional
completed or ongoing trials that could be eligible for
future inclusion in this review, we also searched the
Clinicaltrials.gov platform. Finally, to ensure no fur-
ther relevant studies were missing, we examined the
reference lists of included RCTs.

2.2. Data collection, critical appraisal and
synthesis of results

Two authors screened search results based on the title
and abstract and then on full-text assessment to iden-
tify potentially eligible reports. One reviewer extracted
data and assessed the risk of bias of included studies
using version 2 of the Cochrane risk-of-bias tool for
randomized trials (RoB 2) [21] and the ISPOR check-
list [22], and a second reviewer cross-checked the data
for accuracy and consistency [16]. Disagreements were
solved through consensus.

For all healthcare questions (magnitude, harms, and
costs of overdiagnosis), we presented the main results
in tabulated summaries. For the results on harms and
costs, we calculated their absolute risks associated with
overdiagnosis in R (R Core Team 2023) [23].

To estimate the magnitude of overdiagnosis, we
pooled results into meta-analyses to calculate both
overdiagnosis from a public health perspective and
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from a clinical perspective. For the first, we calculated
the risk ratio (RR) of lung cancer in the LDCT versus
the not screened or other modalities groups. For the
overdiagnosis rates under the clinical perspective, we
estimated the risk that a screen-detected lung cancer is
overdiagnosed (i.e., what is the likelihood that the lung
cancer is overdiagnosed should a person be detected
with a cancer in the LDCT screening arm). To do so,
we first calculated the diagnosis rate in the screened
group and then bootstrapped this to obtain 95%
normal-based confidence intervals, using the Jupyter
interface for Python. Where appropriate, we pooled
effect sizes (e.g., RR) using a random effects model
with the inverse variance method using Revman 5.4.

For overdiagnosis-related harms, we used the magni-
tude of overdiagnosis estimate provided by the present
review to calculate the absolute risk of harms, based
on the incidence of harms in the included trials. To
estimate the cost associated with overdiagnosis, we
used the magnitude of overdiagnosis estimate provided
by our metanalysis, along with the incidence of lung
cancer in the LDCT arm of the NLST trial’>. The
NLST trial population aligns with the criteria set by
the European Commission recommendations used in
the selection of cost-related studies for this review. All
costs identified in the included studies were first
adjusted for inflation using the Gross Domestic Prod-
uct (GDP) deflator index [24] and then converted to
euros using the European Central Bank’s exchange
rates for July 2022.

Since this systematic review was carried out in the
context of the update of the European Code Against
Cancer project and corresponding methodology [15],
we rated the confidence in the evidence for each out-
come following the methodology implemented by the
National Institute of Environmental Health Sciences
(United States NIESH), adapted from the GRADE
methodology [25]. We developed a GRADE evidence
profile, summarizing the evidence for each outcome
result, the relative and absolute effects of the interven-
tion, and certainty of evidence.

3. Results

3.1. Search results

Our search strategy across databases and registers
yielded 1504 records. After removing duplicates, we
screened 1038 titles and abstracts, excluding 1004 of
them. This left 34 potentially eligible records. After
full-text assessment, we excluded 26 records and
included 8. We also identified 47 additional records
through citation searching, of which we included 24.
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PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources
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Fig. 1. PRISMA flow diagram.

In total, we included 10 studies (eight RCTs and two
cost-related studies), reported across 32 publications,
in our review (8 from database searches and 24 from
backwards citation searches) (see Fig. 1). We report
the reasons for exclusion in Table S2.

3.2. Characteristics of included studies

We included eight randomized trials and two
cost-related studies, reported in 32 publications
[3,9,10,24-54]. Four of these trials (ITALUNG [42],
MILD [45], UKLS [31], NLST [3]) provided informa-
tion for the evaluation of the magnitude of
LDCT-related overdiagnosis. DANTE [55], DLCST
[48], LUSI [30] and NELSON [51] did not have the
required follow-up period of 6 years to be included in
the overdiagnosis analysis. Seven of the eight included
studies provided data on overdiagnosis-related harms
(DANTE [37], DLCST [48], ITALUNG [39], LUSI
[30], NELSON [51], UKLS [31], NLST [3]). One study
(MILD) did not report on the harm-related outcomes
of interest to this review (Table 1). Costs associated
with overdiagnosis were assessed based on information
reported in two studies [42,47] (Table 2).

3.3. Risk of bias in included studies

We assessed the risk of bias in studies estimating the
magnitude of overdiagnosis, overdiagnosis-related
harms, and associated costs. Four studies evaluating
overdiagnosis estimates raised high or some concerns
about the risk of bias, and all studies on
overdiagnosis-related harms were deemed at low overall
risk of bias. Similarly, among the two studies assessing
overdiagnosis-related costs, one lacked sufficient detail
on model validation and internal verification. Detailed
methodological limitations are available in Figs S1-S3.

3.4. Results of the included studies

Details on overdiagnosis, participation, and contami-
nation in included trials are reported in Table S3.

3.4.1. Comparison: LDCT Versus no screening

Three RCTs (ITALUNG [42], MILD [46], UKLS [33])
provided enough information for the calculation of
overdiagnosis magnitude with a follow-up of at least
6 years after the last screening round for comparing
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Overdiagnosis in lung cancer screening

LDCT versus no screening. ITALUNG had a median
follow-up after screening of 11 years, and MILD and
UKLS had a median follow-up of six years. From the
public health perspective, we found an excess incidence
RR 1.05 (95% confidence interval [CI] 0.88 to 1.25)
(Fig. 2A); see details of individual studies’ results on
overdiagnosis, participation, and contamination in
included trials in the Table S3.

The rate of overdiagnosis from the clinical perspec-
tive was 0.07 (95% CI —0.10 to 0.24); 3 trials (ITA-
LUNG [42], MILD [46], UKLS [33]); 11273
participants (Fig. 2B).

Harms were reported in seven trials (DANTE [37],
DLCST [10], ITALUNG [42], LUSI [30], NELSON
[32], UKLS [33], and NLST [9]). Three studies
(DANTE, DLCST, and ITALUNG) evaluated compli-
cations due to treatment in LDCT and reported the
number of deaths after lung cancer treatment, and one
(LUSI) reported the number of biopsies (Table 3).

Two trials (NELSON [32], UKLS [33]) reported psy-
chological effects such as depression and quality of life
for this comparison (Table 4).

For the quality of life in true positives, results sug-
gest that by 2 years, there may be little to no differ-
ence in the mental component of the quality of life
(MD —-0.87; 95% CI: —2.86 to 1.12) but that there
may be a decrease in the overall quality of life assessed
with EuroQoL (MD —1.39; 95% CI: —4.00 to 1.22) in
LDCT participants compared to no screening. Regard-
ing depression with the Hospital Depression Scale,
results suggest there may be little to no difference in
the depression score for LDCT participants compared
to no screening (MD —0.04; 95% CI: —0.27 to 0.19).

We pooled data from three studies (DLCST [48],
NELSON [51] and UKLS [31]) reporting anxiety
scores in LDCT screened patients and found that
LDCT may result in little to no differences in anxiety
score (MD —0.03; 95% CI: —0.17 to 0.11) (Fig. 3).

Only one RCT (ITALUNG) provided data on
cumulative radiation dose over four years. In ITA-
LUNG, during the 4 years of follow-up, the cumula-
tive effective dose of radiation was 3.35 Sv per 1000
subjects (0.83 mSv per subject per y) using the LDCT
scanner (low-dose 4-mm collimation, yielding four 1-
mm-thick sections).

3.5. Costs associated with overdiagnosis

Two studies provided information on LDCT
screening-related costs for the population of interest to
this review. The two studies providing information
on LDCT screening-related costs were conducted,
accounting for costs from the UK and Germany,

Molecular Oncology published by John Wiley & Sons Ltd on behalf of Federation of European Biochemical Societies. 7
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(A) Excess incidence

F. K. Fernandez-Séenz et al.

LDCT No screening Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI ABCDEFTF
ITALUNG 91 1613 100 1593 38.4% 0.90[0.68,1.18] — . D@ ‘. 2
MILD 98 2376 60 1723 29.7% 1.181[0.86, 1.62] —_—T 0020600
UKLS 86 1987 75 1981 31.9% 1.14[0.84,1.55] — . 2 .. D
Total (95% CI) 5976 5297 100.0% 1.05[0.88, 1.25] i
Total events 275 235
Heterogeneity: Tau?= 0.00; Chi?= 2.09, df= 2 (P = 0.35); F= 4% 057 0 =85 112 115
Testfor overall effect: 2= 0.58 (P = 0.56) Favours LDCT Favours no screening
(B) Rate of overdiagnosis

Risk Difference Risk Difference Risk of Bias

Study or Subgroup Risk Difference SE Weight IV, Random, 95% CI IV, Random, 95% CI ABCDEF
ITALUNG -0113 0167 26.5%  -0.11[-0.44,0.21] = 27200
MILD 0156 014 37.8%  0.16[-0.12, 0.43] —— 002000
UKLS 0125 0144 357%  0.13[-0.16,0.41] = ®20®"
Total (95% Cl) 100.0%  0.07 [-0.10, 0.24] ’
Heterogeneity: Tau®= 0.00; Chi*=1.72, df=2 (P = 0.42); F= 0% i TR 5 i =k

Test for overall effect: Z= 0.85 (P = 0.39)

Risk of bias legend

(A) Randomisation process

(B) Deviations from intended interventions
(C) Missing outcome data

(D) Measurement of the outcome

(E) Selection of the reported result

(F) Overall bias

Favours LDCT Favours No screening

Fig. 2. Magnitude of overdiagnosis. Comparison: LDCT versus no screening. (A) Excess of incidence (public perspective). (B) Rate of

overdiagnosis (clinical perspective).

Table 3. Complications and biopsies in LDCT-related overdiagnosis for the comparison: LDCT versus no screening. DANTE, the Detection
and screening of early lung cancer by Novel imaging Technology trial; DLCST, the Danish Lung Cancer Screening trial; E, events; ITALUNG,

the ltalian Lung Cancer Screening trial; LDCT, Low-dose computed tomography; LUSI, the Lung Cancer Screening
number of participants.

Intervention trial; N,

Harmful events
Overdiagnosed in overdiagnosed
participants in the  LDCT participants®
LDCT arm (E/N)*° (%)

Harmful events
in LDCT
participants (E/N, %)

Lung cancer incidence
in the LDCT arm®
(E/N; %)

Study ID Outcome description

Absolute risk in LDCT
overdiagnosed
participants

Complications due to treatment

DANTE Deaths after 3/90; (3.33%) 104/1264 (8.23%) 5/1264 (0.4%) 0.013% 13 more deaths after
surgical treatment surgery per 100 000
LDCT participants
DLCST Deaths due to 1/11; (9.09%) 17/2052 (0.82%) 1/2052 (0.04%) 0.004% 4 more deaths after
surgical treatment surgery per 100 000
LDCT participants
ITALUNG  Deaths after 2/67; (2.98%) 67/1613 (4.15%) 3/1613 (0.21%) 0.006% 6 more deaths after
surgical treatment surgery per 100 000
LDCT participants
Biopsy
LUSI Number of biopsies 67/1881; (3.6%) 69/1881° (3.7%) 3/1881 (0.18%) 0.17%" 170 more biopsies per
100 000 LDCT
participants
®We used the overdiagnosis rate estimated through our meta-analysis.
PCalculated with N of lung cancers / N of participants in the LDCT arm.
“Calculated based on the overdiagnosis estimate of this review (5%) * lung cancer incidence rate.
dCalculated with harmful events rate * % of overdiagnosis participants in the LDCT arm.
®67/69 (97% of lung cancer cases underwent biopsies biopsy rate in lung cancer cases).
fBiopsy rate in lung cancer cases * % of overdiagnosis participants in the LDCT arm.
8 Molecular Oncology (2025) © 2025 The Author(s). Molecular Oncology published by John Wiley & Sons Ltd on behalf of Federation of European Biochemical Societies.
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LDCT No screening Std. Mean Difference Std. Mean Difference Risk of Bias
Study or Subgroup __Std. Mean Difference SE_Total Total Weight IV, Random, 95% CI IV, Random, 95% Cl ABCDEF
DLCST -01432 00359 1825 1360 35.4%  -0.14[0.21,-0.07] —a— 2000~
NELSON 0.0172 00689 609 322 28.6% 0.02[-0.12,0.15] —_— 2 22
UKLS 00532 00315 2018 2019 36.1% 0.05-0.01,0.11] - 2@® 2 2
Total (95% CI) 4452 3701 100.0%  -0.03[-0.17,0.11] ’

Heterogeneity: Tau®= 0.01; Chi*=17.37, df= 2 (P = 0.0002); = 88%
Test for overall effect: Z=0.37 (P =0.71)

02 01 0 01 02
Favours LDCT Favours No screening

Fig. 3. Overdiagnosis-related harms: Anxiety. Comparison: LDCT versus no screening.

respectively. While one of them evaluated the costs of
LDCT screening from a societal perspective (i.e.,
including both direct and indirect costs) [21], the other
used the provider’s perspective (including only direct
costs). Their results are summarized below (Table 5),
and the certainty in this evidence is in Table 6.

We evaluated the certainty of evidence and reported
a summary of findings for the comparison LDCT ver-
sus no screening (Table 6).

3.5.1. Comparison: LDCT Versus chest x-ray

NLST was the only study to provide data on the inci-
dence of lung cancer with a follow-up of at least
6 years. It had a median follow-up of 8.3 years after
screening. For the LDCT versus CXR, we found a
rate of overdiagnosis from the public perspective RR
1.01 (95% CI 0.95 to 1.08); 1 trial; 53 454 participants
(Fig. 4A). For the LDCT versus CXR, we found a
rate of overdiagnosis from the clinical perspective 0.01
(95% CI —0.06 to 8); 1 trial; 53 454 participants
(Fig. 4B). There were no studies identified that
addressed the outcomes: repeat computed tomography

(CT) or high radiation dose imaging. Also, we did not
find studies comparing costs associated with LDCT
versus chest x-ray.

The NLST trial reported psychological harms such as
anxiety and quality of life (Table 7). Regarding quality
of life, for participants with true positive results, the
crude between-group comparison at 6 months showed a
mean difference (MD) of —0.87 (95% CI. —2.86 to
1.12). However, when adjusting for multiple con-
founders, the analysis suggests that there may be a
decrease in the mental component of quality of life,
with a MD of —4.15 (95% CI: —6.27 to —2.03). Adjust-
ments were made for site of origin, baseline score, days
since baseline evaluation, baseline age, sex, years of
education, marital status, smoking status, race, ethnic-
ity, number of prior suspicious for lung cancer screens,
number of prior significant incidental findings (SIFs) in
screens, and the statistical interaction between days
since baseline and baseline score, and for 1-month
parameters, whether participants knew their screening
results at the time of questionnaire completion.

Regarding anxiety, for participants with true posi-
tive results, the crude between-group comparison at

Table 5. Results of cost-related included studies. LDCT, Low-dose computed Tomography; NI, not included; NR, Not reported.

Direct costs of LDCT  Direct costs with  of LDCT

Indirect costs
with treatment

Indirect costs

screening per treatment per screening per per person Discount
Study ID Strategy Age group  Country person (€, 2022%) person (€, 2022%)  person (€, 2022%) (€, 20227 (%)
Pan 2024 LDCT (volumetric ~ 55-75 United €84.85° NR NR® NR® 3.5%
based) Kingdom
Treskova 2017  LDCT (volumetric ~ 55-74 Germany €172.65° NR NI NI 3%
based)

®Monetary value adjusted by inflation using gross domestic product (GDP) deflator index.

PConsidering only the costs of LDCT. Costs of screening were not reported.

“Indirect costs include productivity loss, informal care, and transportation costs, in addition to the direct healthcare costs from a healthcare
system perspective. However, the inputs for indirect costs were not reported.

dConverted to Euros using European Central Bank exchange rates for July 2022.

°Cost included recruitment, screening, diagnosis and treatment. The study included indirect costs related to productivity loss, informal care,
and transportation costs, in addition to the direct healthcare costs from a healthcare system perspective. However, the inputs for indirect

costs were not reported.

fWe used the incidence of lung cancer in the LDCT arm of the NLST trial.
9The year was not reported in the study. We used the publication year for calculation.

NCosts included LDCT exams, staging tests, and lifetime treatment.
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6 months showed a MD of —3.32 (95% CI: —4.83 to
—1.81). However, when adjusting for multiple con-
founders, the analysis suggests that there may be an
increase in anxiety scores, with a relative risk (RR) of
1.38 (95% CI: 1.05 to 1.82). The same set of con-
founders used in the quality-of-life analysis was
adjusted for in this analysis.

We evaluated the certainty of evidence and reported
a summary of findings for the comparison LDCT ver-
sus CXR (Table 8).

4. Discussion

4.1. Main findings

This is the first systematic review to evaluate
overdiagnosis-related harms of lung cancer screening.
Our findings suggest that LDCT screening may
increase lung cancer overdiagnosis, compared to no
screening and likely slightly increases overdiagnosis
compared to CXR, with an additional societal cost,
but does not appear to substantially increase
overtreatment-related harms. LDCT screening in
high-risk populations may lead to a slight increase in
overdiagnosis compared to no screening, correspond-
ing to approximately 222 additional accumulated
cases per 100 000 participants screened. Similarly,
when compared to chest X-ray (CXR), LDCT also
showed a small increase in overdiagnosis risk, corre-
sponding to approximately 63 additional cases per
100 000 participants screened. Bonney 2022 [56]
found that the absolute increase in overdiagnosis for

Overdiagnosis in lung cancer screening

screening compared to usual care was 18 000 per
100 000 detected cases. In contrast, Brodersen et al.
[4] reported a somewhat higher estimate, with an
absolute overdiagnosis of 38 000 per 100 000
detected cases.

4.2. Results in the context of previous studies

A key factor contributing to discrepancies across
studies is variation in follow-up duration. To mini-
mize the inflation of overdiagnosis estimates due to
lead-time bias, our review included data from trials
with follow-up periods exceeding six years. In com-
parison, Bonney et al. employed longer follow-up
periods (> 10 years), while Brodersen et al. relied on
studies with shorter follow-up (3-5 years). Our
choice of a > 6-year cut-off represents a compromise
between these approaches, supported by modeling
work suggesting that the sojourn time of some poten-
tially lethal tumor types may extend up to this period
[19,20]. As overdiagnosis is time-dependent, including
trials with shorter follow-up durations, such as the
DLCST, may overestimate rates by misclassifying
indolent tumors as clinically significant. This effect
was demonstrated in the extended analysis of the
National Lung Screening Trial [54], where longer
follow-up helped clarify the clinical trajectory of
screen-detected cancers. Li et al. [55] also observed a
3-4% annual decline in excess incidence during post-
screening follow-up, particularly among older indi-
viduals and across specific histological subtypes of
lung cancer.

Difference in costs
Total costs of of screening (LDCT versus
screening per person person (discounted)  no screening) per person

Total costs of
no screening per

Overdiagnosis
estimate in N of overdiagnosed
the present Lung cancer  people per 100,000  Additional costs

(discounted) (€, 2022%) (€, 2022?) (discounted) (€, 2022?) review incidence LDCT participants of overdiagnosis
€23 056.27¢" €16 301.53%" €6754.74%¢ 5% 6.37% 300 €2,026,422.00° per
100 000 participants
€4678.31"9" €3469.61"9" €1208.70° 5% 6.37% 300 €362,610.00" per
100 000 participants
Molecular Oncology (2025) © 2025 The Author(s). Molecular Oncology published by John Wiley & Sons Ltd on behalf of Federation of European Biochemical Societies. 1
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(A) Excess incidence

LOCT CXR Risk Ratio Risk Ratio Risk of Blas
Study or Subgroup  Events Total Events Total Weight M.H, Random, 95% CI M.H, Random, 95% CI ABCDEF
NLST 1701 26722 1681 26732 1.01(0.95, 1.08) S 0720007
08509 112
Favours LOCT Favours CXR
(B) Rataiof ovepiiagnadts LOCT CXR Risk Difference Risk Difference Risk of Blas
Study or Subgroup  Risk Difference SE  Total Total IV, Random, 95% CI IV, Random, 95% CI ABCDEFTF
NLST 0.012127 0034673 26722 26732  0.01[-0.06,0.08] —— 9720007

-0.1-0.05 0 00501
Favours LDCT Favours CXR

Risk of bias legend

(A) Randomisation process

(B) Deviations from intended interventions
(C) Missing outcome data

(D) Measurement of the outcome

(E) Selection of the reported result

(F) Overall bias

Fig. 4. Magnitude of overdiagnosis for the comparison: LDCT versus CXR. (A) Excess of incidence (public perspective). (B) Rate of
overdiagnosis (clinical perspective).

Table 7. Psychological harms for low-dose computed tomography versus chest x-ray. Mental component of Spielberger State Trait Anxiety
Inventory (STAI Form Y-1): higher scores indicate worse anxiety. Mental component summary of short-form 12 (SF-12): lower scores

indicate worse quality of life. Cl, confidence interval; NLST, the National Lung Screening Trial; SD, standard deviation; T2, timepoint 2.

Study ID  Qutcome N Baseline N T2 Change (Baseline-T2)
NLST Time point of At 6 months Baseline to 6 months
evaluation
Anxiety (true +) LDCT 1947 1947
Mental component o Mean + SD 41.06 + 15.10 37.69 + 12.04 —-3.37 (-4.23 to —2.51)
Spielberger State Trait Chest x-ray 865 865
Anxiety Inventory (STAI  Mean + SD 39.43 +£11.66 39.38 +£14.47 —0.05 (-1.29 to 1.19)
Form Y-1)
Between-group Mean —1.69 (-2.79to —0.59) —3.32 (—1.81 to —4.83)
difference (unadjusted) (95% CI)
Adjusted analysis 1.38 (1.05 to 1.82)*
NLST Time point of At 6 months Baseline to 6 months
evaluation
Quality of life (true +) LDCT 1947 1947
Mental component Mean + SD 52.03 + 11.04 46.30 + 13.65 —5.73 (—6.51 to —4.95)
summary of short-form  Chest x-ray 865 865
36 (SF-36) at baseline Mean 4+ SD 53.77 £ 8.57) 46.22 +£12.17 —7.55 (-8.54 to —6.56)
Between-group Mean 0.08 (-0.93 to 1.09) 1.82 (0.56 to 3.08)
difference (unadjusted) (95% CI)

Adjusted analysis

—4.15 (—6.27 to —2.03)*

*Adjusted for site of origin, baseline score, days since baseline evaluation, baseline age, sex, years of education, marital status, smoking sta-
tus, race, ethnicity, number of prior suspicious for lung cancer screens, number of prior significant incidental finding in screens and the sta-
tistical interaction between days since baseline and baseline score, and for 1-month parameters, whether participants knew results of index
screen prior to 1 month HRQoL.

When 95% confidence intervals of between-group differences do not cross 0, results can be considered statistically significant.

ranged from —4 to 67% across studies, largely due to
differences in study populations, screening protocols,
and diagnostic criteria [3,10,30,33,42]. Depending on

Beyond follow-up length, heterogeneity in trial
design and definitions of overdiagnosis further compli-
cates interpretation. Reported overdiagnosis rates
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Table 8. Summary of findings for LDCT versus chest x-ray. NA, not applicable.

Participants  Initial certainty

Risk without

Relative Anticipated absolute
effects effects

Updated certainty of
evidence

Outcomes (design) (studies) of the evidence  LDCT

Overdiagnosis (Public 53 454 (1) High 6.3%°
health perspective)

Overdiagnosis 53 454 (1) High NA
(Clinical
perspective)

RR 1.01 (0.95 63 more overdiagnosed B®DDO° Moderate
to 1.08) cases per 100,000
participants (from 314
fewer to 503 more)
0.01 (—0.06 1000 more lung cancers
to 0.08) overdiagnosed per
100 000 lung cancers
detected (6000 fewer

to 8000 more)

SODO* Moderate

®Risk without LDCT was calculated using the event rate in the non-screening groups.
PWe downgraded the certainty of evidence by one level due to serious methodological limitations (some concerns about the risk of bias due

to deviations from intended interventions).

how overdiagnosis is calculated, estimates can reflect
either a public health or a clinical perspective. Some
trials define overdiagnosis as the proportion of screen-
detected cancers that are considered indolent. This
reflects a clinical viewpoint, focusing on the likelihood
that a cancer found through screening would not have
caused harm during the patient’s lifetime. In contrast,
other studies assess excess cancer incidence in the
screened population compared to an unscreened
group, which provides a population-level (public
health) perspective, capturing the broader impact of
screening programs on disease burden. For instance,
Patz et al. proposed two distinct metrics to capture
these perspectives: (1) the probability that a screen-
detected lung cancer is overdiagnosed, which repre-
sents the clinical perspective, and (2) the number of
overdiagnosed cases relative to the number of individ-
uals needed to screen to prevent one lung cancer
death, which reflects the public health perspective by
weighing harms against population-level benefits. To
minimize lead-time bias, we defined overdiagnosis as
the persisting excess incidence of lung cancer after a
minimum of six years of follow-up without continued
screening.

Structured nodule management systems, such as
Lung-RADS and the British Thoracic Society (BTS)
guidelines, were developed to standardize follow-up
and minimize unnecessary investigations. By incorpo-
rating growth assessment, higher referral thresholds,
and, specifically in the BTS guidelines, volumetry,
these approaches aim to reduce false positives and
overdiagnosis. Several trials included in our review
(e.g., MILD, ITALUNG, UKLS) already employed
volumetry-based protocols, indicating that our esti-
mates partly reflect contemporary practice, though
they may still exceed what would be expected under

strict adherence to these systems. Nevertheless, the
findings remain highly relevant given the variability of
real-world implementation. In relation to harms asso-
ciated with overdiagnosis, we observed considerable
heterogeneity in how outcomes were defined and
reported. For instance, the DANTE, DLCST,
and ITALUNG trials assessed treatment-related mor-
tality in screened versus unscreened participants, but
only DANTE and ITALUNG reported complete out-
come data. This lack of consistency limits the compa-
rability and synthesis of findings across studies. The
psychological consequences of overdiagnosis were
assessed in trials such as DLCST, NELSON, UKLS,
and NLST using various measurement tools. However,
all results were reported at the population level, pre-
cluding any estimation of the specific psychological
burden attributable to overdiagnosis. This limitation
highlights the need for standardized instruments capa-
ble of isolating and quantifying the emotional impact
of overdiagnosed individuals.

Our study also explored the economic impact of
lung cancer overdiagnosis. Even small increases in
overdiagnosis rates can translate into economic bur-
dens for health systems, primarily due to additional
diagnostic tests, specialist consultations, and unneces-
sary treatments, some of which carry risks of compli-
cations and require long-term follow-up. As
highlighted in Treskova 2017, high detection and
overdiagnosis rates can negatively affect the incremen-
tal cost-effectiveness ratio (ICER), potentially leading
to the inefficiency of LDCT screening by increasing
treatment costs relative to screening costs. Moreover,
when indirect costs are taken into account, the esti-
mated economic burden of overdiagnosis rises substan-
tially, from €362610.00 to €2026422.00 per 100 000
individuals screened.
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4.3. Limitations and strengths

This study has some limitations, including inconsistent
reporting of outcomes such as anxiety, quality-of-life
impairments, and complications from unnecessary
treatment, which limited our ability to quantify these
effects. Additionally, the economic data varied widely
in scope and methodology, restricting the generaliz-
ability of cost estimates across healthcare settings.

Nevertheless, this systematic review has several nota-
ble strengths. This work represents the most up-to-date
systematic review of randomized evidence, including
extended follow-up. We conducted a comprehensive
review including data from eight randomized trials
(> 84 000 participants) and economic analyses. Previ-
ous reviews have often focused narrowly on incidence
alone, without exploring overdiagnosis-related harms
and costs. By addressing overdiagnosis and its clinical,
psychological, and economic consequences, we offer a
multidimensional evidence base to inform decision-
making. Methodological rigor was ensured through
Cochrane Rapid Review Methods and NICE guide-
lines, and long follow-up periods minimized lead-time
bias. Our integration of diverse outcomes and use of
GRADE to assess evidence certainty strengthen the
relevance and transparency of the findings for both
clinical and policy contexts.

4.4. Implications for practice and research

Although LDCT screening has demonstrated a reduc-
tion in lung cancer mortality, overdiagnosis remains a
major concern, especially where different protocols for
the management of pulmonary nodules are followed
[57]. From a clinical perspective, healthcare professionals
must follow the latest guidelines on the management of
the findings on LDCT [58-60]. Imaging biomarkers are
a useful way to limit overdiagnosis by assessing whether
potential cancers are likely to be harmful prior to diag-
nosis. This means attention to balancing the benefits
and harms of screening, ensuring that patients are ade-
quately informed about the potential consequences of
overdiagnosis. Additionally, from a health system per-
spective, resources allocated to treating indolent cancers
could be redirected to other priorities.

Future research should prioritize strategies to miti-
gate the impact of overdiagnosis. This includes devel-
oping advanced algorithms to differentiate indolent
from aggressive lesions, refining screening criteria, and
conducting targeted studies using standardized psycho-
logical assessment tools. Efforts to quantify and reduce
the unintended harms of screening will be essential to
maximizing net benefit. Future studies should also

Overdiagnosis in lung cancer screening

address limitations using standardized reporting
frameworks.

Our study has, by virtue of its broad perspective,
integrating clinical, psychological, and economic out-
comes, allowed conclusions that are informative to cli-
nicians and policy-makers alike. Overdiagnosis in lung
cancer screening is likely to be a small contributor to
harms, although further reduction through adherence
to the latest guidelines is essential.

5. Conclusions

LDCT may result in higher rates of overdiagnosis com-
pared to no screening. The differences between LDCT
and chest X-ray (CXR) screening are likely small. Overdi-
agnosis was associated with increased use of invasive pro-
cedures and treatment-related harms, although such
events may be relatively infrequent when considering only
the overdiagnosed cases. From a societal perspective, the
financial impact of overdiagnosis may vary depending on
the availability of national healthcare resources. Notably,
this review suggests that the magnitude of overdiagnosis
associated with LDCT is lower than earlier estimates that
considered shorter follow-up periods. While some degree
of overdiagnosis is unavoidable in Iung cancer screening,
improved risk-based selection and adherence to guideline-
recommended nodule management may help reduce this
burden to an acceptable level, particularly when weighed
against the potential benefits of screening. The findings
from this review were used to inform the decision-making
about including recommendations on lung cancer screen-
ing in the update of the European Code Against Cancer,
Sth edition [61].
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