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Low-dose computed tomography (LDCT) screening is increasingly used for

early lung cancer detection targeted to high-risk populations. Quantifying

overdiagnosis, its potential harms, and economic consequences is impor-

tant. We assessed the magnitude, harms, and economic impact of lung can-

cer overdiagnosis from LDCT screening in high-risk populations. We

synthesized evidence from eight randomized trials involving 84,660 partici-

pants. LDCT may increase overdiagnosis compared to no screening (rela-

tive risk [RR] 1.05; 222 additional cases per 100 000 people screened; low

certainty). Compared to chest x-ray (CXR), LDCT likely slightly increases

overdiagnosis (RR 1.01; 63 additional cases per 100 000 people screened;

moderate certainty). The proportion of overdiagnosed cancers is 0.07 (7000

more lung cancers overdiagnosed per 100 000 lung cancers detected; low

certainty) when compared to no screening, and 0.01 compared to CXR

(1000 more lung cancers overdiagnosed per 100 000 lung cancers detected;
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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 (ECAC5) 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

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 trial3. 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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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

PRISMA 2020 flow diagram for new systema�c reviews which included searches of databases, registers and other sources

Records identified from databases 
and registers (n =1,504):
- Databases (n = 1,289)
- Registers (n = 215)

Records removed before screening:
Duplicate records removed 
(n = 466)

Records screened (n = 1,038) Records excluded (n = 1,004)

Reports sought for retrieval (n = 34) Reports not retrieved (n = 0)

Reports assessed for eligibility (n = 
34)
- Magnitude and harms (n = 27)
- Costs (n = 7)

Reports excluded (n = 26):
- Magnitude and harms (n = 20)

* Ineligible outcome (n = 9)
* Ineligible study design (n = 8)
* Foreign language (n = 2)
* Insufficient follow-up (n = 1)

- Costs (n = 6)
* Non-European country (n = 5)
* Ineligible population (n = 1)

Records identified from:
Citation searching (n = 47)

Reports assessed for eligibility
(n = 47)

- Magnitude and harms (n = 40)
- Costs (n = 7)

Reports excluded (n = 23):
- Magnitude and harms (n = 17)

* Ineligible outcome (n = 10)
* Ineligible study design (n = 3)
* Ineligible population (n = 3)
* Insufficient follow-up (n = 1)

- Costs (n = 6)
* Ineligible population (n = 4)
* Ineligible outcome (n = 1)
* Non-European country (n = 1)

Studies included (n = 10)
- Magnitude and harms (n = 8)
- Costs (n = 2)

Reports of included studies (n = 32)
- Magnitude and harms (n = 30)
- Costs (n = 2)

Identification of studies via databases and registers Identification of studies via other methods
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Sc
re

en
in

g
In

cl
ud

ed

Reports sought for retrieval (n = 47) Reports not retrieved (n = 0)

Fig. 1. PRISMA flow diagram.
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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]); 11 273

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,T
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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 Italian Lung Cancer Screening trial; LDCT, Low-dose computed tomography; LUSI, the Lung Cancer Screening Intervention trial; N,

number of participants.

Study ID Outcome description

Harmful events

in LDCT

participants (E/N, %)

Lung cancer incidence

in the LDCT armb

(E/N; %)

Overdiagnosed

participants in the

LDCT arm (E/N )a,c

Harmful events

in overdiagnosed

LDCT participantsd

(%)

Absolute risk in LDCT

overdiagnosed

participants

Complications due to treatment

DANTE Deaths after

surgical treatment

3/90; (3.33%) 104/1264 (8.23%) 5/1264 (0.4%) 0.013% 13 more deaths after

surgery per 100 000

LDCT participants

DLCST Deaths due to

surgical treatment

1/11; (9.09%) 17/2052 (0.82%) 1/2052 (0.04%) 0.004% 4 more deaths after

surgery per 100 000

LDCT participants

ITALUNG Deaths after

surgical treatment

2/67; (2.98%) 67/1613 (4.15%) 3/1613 (0.21%) 0.006% 6 more deaths after

surgery per 100 000

LDCT participants

Biopsy

LUSI Number of biopsies 67/1881; (3.6%) 69/1881e (3.7%) 3/1881 (0.18%) 0.17%f 170 more biopsies per

100 000 LDCT

participants

aWe used the overdiagnosis rate estimated through our meta-analysis.
bCalculated with N of lung cancers / N of participants in the LDCT arm.
cCalculated 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.
e67/69 (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.
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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

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

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

Study ID Strategy Age group Country

Direct costs of LDCT

screening per

person (€, 2022a)

Direct costs with

treatment per

person (€, 2022a)

Indirect costs

of LDCT

screening per

person (€, 2022a)

Indirect costs

with treatment

per person

(€, 2022a)

Discount

(%)

Pan 2024 LDCT (volumetric

based)

55–75 United

Kingdom

€84.85b NR NRc NRc 3.5%

Treskova 2017 LDCT (volumetric

based)

55–74 Germany €172.65g NR NI NI 3%

aMonetary value adjusted by inflation using gross domestic product (GDP) deflator index.
bConsidering only the costs of LDCT. Costs of screening were not reported.
cIndirect 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.
eCost 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.
gThe year was not reported in the study. We used the publication year for calculation.
hCosts 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

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.

Total costs of

screening per person

(discounted) (€, 2022a)

Total costs of

no screening per

person (discounted)

(€, 2022a)

Difference in costs

of screening (LDCT versus

no screening) per person

(discounted) (€, 2022a)

Overdiagnosis

estimate in

the present

review

Lung cancer

incidence

N of overdiagnosed

people per 100,000

LDCT participants

Additional costs

of overdiagnosis

€23 056.27d–f €16 301.53d–f €6754.74d,e 5% 6.37% 300 €2,026,422.00e per

100 000 participants

€4678.31f,g,h €3469.61f,g,h €1208.70g 5% 6.37% 300 €362,610.00h per

100 000 participants
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Beyond follow-up length, heterogeneity in trial

design and definitions of overdiagnosis further compli-

cates interpretation. Reported overdiagnosis rates

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

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. CI, confidence interval; NLST, the National Lung Screening Trial; SD, standard deviation; T2, timepoint 2.

Study ID Outcome N Baseline N T2 Change (Baseline-T2)

NLST Time point of

evaluation

At 6 months Baseline to 6 months

Anxiety (true +)

Mental component o

Spielberger State Trait

Anxiety Inventory (STAI

Form Y-1)

LDCT 1947 1947

Mean � SD 41.06 � 15.10 37.69 � 12.04 �3.37 (�4.23 to �2.51)

Chest x-ray 865 865

Mean � SD 39.43 �11.66 39.38 �14.47 �0.05 (�1.29 to 1.19)

Between-group

difference (unadjusted)

Mean

(95% CI)

�1.69 (�2.79 to �0.59) �3.32 (�1.81 to �4.83)

Adjusted analysis 1.38 (1.05 to 1.82)*

NLST Time point of

evaluation

At 6 months Baseline to 6 months

Quality of life (true +)

Mental component

summary of short-form

36 (SF-36) at baseline

LDCT 1947 1947

Mean � SD 52.03 � 11.04 46.30 � 13.65 �5.73 (�6.51 to �4.95)

Chest x-ray 865 865

Mean � SD 53.77 � 8.57) 46.22 � 12.17 �7.55 (�8.54 to �6.56)

Between-group

difference (unadjusted)

Mean

(95% CI)

0.08 (-0.93 to 1.09) 1.82 (0.56 to 3.08)

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.
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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 201749, 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.

Table 8. Summary of findings for LDCT versus chest x-ray. NA, not applicable.

Outcomes (design)

Participants

(studies)

Initial certainty

of the evidence

Risk without

LDCT

Relative

effects

Anticipated absolute

effects

Updated certainty of

evidence

Overdiagnosis (Public

health perspective)

53 454 (1) High 6.3%a RR 1.01 (0.95

to 1.08)

63 more overdiagnosed

cases per 100,000

participants (from 314

fewer to 503 more)

⊕⊕⊕○b Moderate

Overdiagnosis

(Clinical

perspective)

53 454 (1) High NA 0.01 (�0.06

to 0.08)

1000 more lung cancers

overdiagnosed per

100 000 lung cancers

detected (6000 fewer

to 8000 more)

⊕⊕⊕○a Moderate

aRisk without LDCT was calculated using the event rate in the non-screening groups.
bWe 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).
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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

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 lung 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,

5th edition [61].

Acknowledgements

This work was funded by the European Commission

(European Union: EU4Health Programme under

Grant Agreement No. 101075240. Views and opinions

expressed are, however, those of the authors only and

do not necessarily reflect those of the European Union

or European Health and Digital Executive Agency

(HaDEA). Neither the European Union nor the grant-

ing aurthority can be held responsible for them.

Conflict of interest

CA works on the 4-IN-THE-LUNG-RUN study (EU

grant) and the CanScreen project (EU grant), and is a

member of the European Code Against Cancer work-

ing group (WHO-IARC). Travel costs were covered

for attending several meetings related to lung cancer

Molecular Oncology (2025) ª 2025 The Author(s). Molecular Oncology published by John Wiley & Sons Ltd on behalf of Federation of European Biochemical Societies. 15

F. K. Fern�andez-S�aenz et al. Overdiagnosis in lung cancer screening

 18780261, 0, D
ow

nloaded from
 https://febs.onlinelibrary.w

iley.com
/doi/10.1002/1878-0261.70139 by Spanish C

ochrane N
ational Provision (M

inisterio de Sanidad), W
iley O

nline L
ibrary on [19/11/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



screening. All other authors declare no conflict of

interest.

Authors contributions

AC, CE, CVA, DR, DRB, and MT conceived and

designed the project. ACPNP and FKFS acquired

and curated the data. ACPNP and FKFS analyzed

and interpreted the data. AC, ACPNP, CCA, CE,

CVA, DR, DRB, FKFS, IS, LTP, MMP, MT, and

PAC carried out the investigation. ACPNP, CCA, CE,

DR, FKFS, and PAC administered the project.

ACPNP, FKFS, LTP, and MMP validated the find-

ings. ACPNP and FKFS wrote the original draft.

AC, ACPNP, CCA, CE, CVA, DR, DRB, FKFS,

IS, LTP, MMP, MT, and PAC reviewed, edited,

and approved the final version of the manuscript.

IARC disclaimer

Where authors are identified as personnel of the Inter-

national Agency for Research on Cancer/World

Health Organization, the authors alone are responsible

for the views expressed in this article and they do not

necessarily represent the decisions, policy, or views of

the International Agency for Research on

Cancer/World Health Organization.

Data accessibility

This study did not generate new data. All data is avail-

able from the cited publications.

References

1 Bray F, Bray F, Bray F, Laversanne M, Sung H, Ferlay

J, et al. Global cancer statistics 2022: GLOBOCAN

estimates of incidence and mortality worldwide for 36

cancers in 185 countries. CA Cancer J Clin.

2024;74:229–63.
2 Agrawal S, Goel AD, Gupta N, Lohiya A. Role of low

dose computed tomography on lung cancer detection

and mortality - an updated systematic review and meta-

analysis. Monaldi Arch Chest Dis Arch Monaldi Mal

Torace. 2022;93:2284.

3 Aberle DR, Adams AM, Berg CD, Clapp JD, Clingan

KL, Gareen IF, et al. Baseline characteristics of

participants in the randomized national lung screening

trial. J Natl Cancer Inst. 2010;102:1771–9.
4 Brodersen J, Brodersen J, Brodersen J, Schwartz LM,

Heneghan C, O’Sullivan JW, et al. Overdiagnosis: what

it is and what it isn’t. BMJ Evid Based Med. 2018;23:

1–3.

5 Carter JL, Coletti RJ, Harris RP. Quantifying and

monitoring overdiagnosis in cancer screening: a

systematic review of methods. BMJ. 2015;350:g7773.

6 MacRedmond R, MacRedmond R, MacRedmond R.

Screening for lung cancer using low dose CT scanning.

Thorax. 2004;59:237–41.
7 Xia C, Chen W. The NCC mathematical modeling

framework for decision-making of six major cancers. J

Natl Cancer Cent. 2023;3:35–47.
8 Li C, Li C, Li C, Wang H, Jiang Y, Fu W, et al.

Advances in lung cancer screening and early detection.

Cancer Biol Med. 2022;19:591–608.
9 Patz EF, Patz EF, Patz EF, Pinsky P, Gatsonis C, Sicks

JD, et al. Overdiagnosis in low-dose computed

tomography screening for lung cancer. JAMA Intern

Med. 2014;174:269–74.
10 Wille MMW, Wille MMW, Wille MMW, 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.
11 Pickles K, Pickles K, Pickles K, Hersch J, Nickel B,

Vaidya JS, et al. Effects of awareness of breast cancer

overdiagnosis among women with screen-detected or

incidentally found breast cancer: a qualitative interview

study. BMJ Open. 2022;12:e061211.

12 Goulart BHL, Bensink ME, Mummy DG, Ramsey SD.

Lung cancer screening with low-dose computed

tomography: costs, national expenditures, and cost-

effectiveness. J Natl Compr Cancer Netw JNCCN.

2012;10:267–75.
13 Morgan H, Baldwin DR. Important parameters for

cost-effective implementation of lung cancer screening.

Br J Radiol. 2023;96:20220489.

14 Griffin E, Griffin E, Griffin E, Hyde C, Long L,

Varley-Campbell J, et al. Lung cancer screening by low-

dose computed tomography: a cost-effectiveness

analysis of alternative programmes in the UK using a

newly developed natural history-based economic model.

Diagn Progn Res. 2020;4:20.

15 Espina C, Ritchie D, Feliu A, Canelo-Aybar C,

D’Souza E, Mitrou PN, et al. Developing evidence-

based cancer prevention recommendations:

Methodology of the World Code Against Cancer

Framework to create region-specific codes. Int J

Cancer. 2025.

16 Garritty C, Gartlehner G, Nussbaumer-Streit B, King

VJ, Hamel C, Kamel C, et al. Cochrane rapid reviews

methods group offers evidence-informed guidance to

conduct rapid reviews. J Clin Epidemiol. 2021;130:13–
22.

17 Page MJ, Page MJ, Page MJ, McKenzie JE, Bossuyt

PM, Boutron I, et al. Updating guidance for reporting

systematic reviews: development of the PRISMA 2020

statement. J Clin Epidemiol. 2021;134:103–12.

16 Molecular Oncology (2025) ª 2025 The Author(s). Molecular Oncology published by John Wiley & Sons Ltd on behalf of Federation of European Biochemical Societies.

Overdiagnosis in lung cancer screening F. K. Fern�andez-S�aenz et al.

 18780261, 0, D
ow

nloaded from
 https://febs.onlinelibrary.w

iley.com
/doi/10.1002/1878-0261.70139 by Spanish C

ochrane N
ational Provision (M

inisterio de Sanidad), W
iley O

nline L
ibrary on [19/11/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



18 Husereau D, Husereau D, Husereau D, Drummond M,

Augustovski F, Briggs AH, et al. Consolidated health

economic evaluation reporting standards 2022

(CHEERS 2022) statement: updated reporting guidance

for health economic evaluations. BJOG. 2022;129:336–
44.

19 Meza R, ten Haaf K, Kong CY, Erdogan A, Black

WC, Tammemagi MC, et al. Comparative analysis of 5

lung cancer natural history and screening models that

reproduce outcomes of the NLST and PLCO trials.

Cancer. 2014;120:1713–24.
20 Chrysanthopoulou S. MILC: a microsimulation model

of the natural history of lung cancer. Int J Microsimul.

2017;10:5–26.
21 Sterne JAC, Savovi�c J, Page MJ, Elbers RG, Blencowe

NS, Boutron I, et al. RoB 2: a revised tool for assessing

risk of bias in randomised trials. BMJ. 2019;366:l4898.

22 Jaime Caro J, Eddy DM, Kan H, Kaltz C, Patel B,

Eldessouki R, et al. Questionnaire to assess relevance

and credibility of modeling studies for informing health

care decision making: an ISPOR-AMCP-NPC good

practice task force report. Value Health. 2014;17:174–
82.

23 R: The R Project for Statistical Computing.

https://www.r-project.org/

24 World Bank Open Data. World Bank Open Data.

https://data.worldbank.org

25 Handbook for conducting a literature-based health

assessment using OHAT approach for systematic review

and evidence integration. 2019.

26 National Lung Screening Trial Research Team.

Reduced lung-cancer mortality with low-dose computed

tomographic screening. N Engl J Med. 2011;365:395–
409.

27 Aggestrup LM, Hestbech MS, Siersma V, Pedersen JH,

Brodersen J. Psychosocial consequences of allocation to

lung cancer screening: a randomised controlled trial.

BMJ Open. 2012;2:e000663.

28 National Cancer Institute (NCI). National Lung

Screening Trial A Randomized Trial Comparing Low-

Dose Helical CT With Chest Xray for Lung Cancer.

https://clinicaltrials.gov/study/NCT00047385 2014.

29 Fondazione IRCCS Istituto Nazionale dei Tumori,

Milano. Early Lung Cancer Detection With Spiral

Computed Tomography (CT), Positron Emission

Tomography (PET) and Biomarkers: Randomized Trial

in High Risk Individuals. https://clinicaltrials.

gov/study/NCT02837809 2024.

30 Becker N, Motsch E, Trotter A, Heussel CP,

Dienemann H, Schnabel PA, et al. Lung cancer

mortality reduction by LDCT screening-results from the

randomized German LUSI trial. Int J Cancer.

2020;146:1503–13.
31 Brain K, Lifford KJ, Carter B, Burke O, McRonald F,

Devaraj A, et al. Long-term psychosocial outcomes of

low-dose CT screening: results of the UK lung cancer

screening randomised controlled trial. Thorax.

2016;71:996–1005.
32 de Koning HJ, van der Aalst CM, de Jong PA, Scholten

ET, Nackaerts K, Heuvelmans MA, et al. Reduced lung-

cancer mortality with volume CT screening in a

randomized trial. N Engl J Med. 2020;382:503–13.
33 Field JK, Vulkan D, Davies MPA, Baldwin DR, Brain

KE, Devaraj A, et al. Lung cancer mortality reduction

by LDCT screening: UKLS randomised trial results

and international meta-analysis. Lancet Reg Health Eur.

2021;10:100179.

34 Gareen IF, Duan F, Greco EM, Snyder BS, Boiselle

PM, Park ER, et al. Impact of lung cancer screening

results on participant health-related quality of life and

state anxiety in the National Lung Screening Trial.

Cancer. 2014;120:3401–9.
35 Gonz�alez Maldonado S, Motsch E, Trotter A, Kauczor

HU, Heussel CP, Hermann S, et al. Overdiagnosis in

lung cancer screening: estimates from the German lung

cancer screening intervention trial. Int J Cancer.

2021;148:1097–105.
36 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.
37 Infante M, Cavuto S, Lutman FR, Passera E,

Chiarenza M, Chiesa G, et al. Long-term follow-up

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.
38 Study Details The DANTE Trial. A randomized study

on lung cancer screening with low-dose spiral computed

tomography. ClinicalTrialsgov. https://clinicaltrials.

gov/study/NCT00420862

39 Mascalchi M, Mazzoni LN, Falchini M, Belli G,

Picozzi G, Merlini V, et al. Dose exposure in the

ITALUNG trial of lung cancer screening with low-dose

CT. Br J Radiol. 2012;85:1134–9.
40 Mascalchi M, Belli G, Zappa M, Picozzi G, Falchini

M, Nave RD, et al. Risk-benefit analysis of X-ray

exposure associated with lung cancer screening in the

Italung-CT trial. AJR Am J Roentgenol. 2006;187:421–
9.

41 Danish Lung Cancer Group. Screening for Lung

Cancer. A Randomised Controlled Trial of Low-Dose

CT-Scanning. https://clinicaltrials.

gov/study/NCT00496977 2007.

42 Paci E, Puliti D, Lopes Pegna A, Carrozzi L, Picozzi G,

Falaschi F, et al. Mortality, survival and incidence rates

in the ITALUNG randomised lung cancer screening

trial. Thorax. 2017;72:825–31.
43 Paci E, Puliti D, Carozzi FM, Carrozzi L, Falaschi F,

Pegna AL, et al. Prognostic selection and long-term

Molecular Oncology (2025) ª 2025 The Author(s). Molecular Oncology published by John Wiley & Sons Ltd on behalf of Federation of European Biochemical Societies. 17

F. K. Fern�andez-S�aenz et al. Overdiagnosis in lung cancer screening

 18780261, 0, D
ow

nloaded from
 https://febs.onlinelibrary.w

iley.com
/doi/10.1002/1878-0261.70139 by Spanish C

ochrane N
ational Provision (M

inisterio de Sanidad), W
iley O

nline L
ibrary on [19/11/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://www.r-project.org/
https://www.r-project.org/
https://www.r-project.org/
https://data.worldbank.org
https://clinicaltrials.gov/study/NCT00047385
https://clinicaltrials.gov/study/NCT02837809
https://clinicaltrials.gov/study/NCT02837809
https://clinicaltrials.gov/study/NCT00420862
https://clinicaltrials.gov/study/NCT00420862
https://clinicaltrials.gov/study/NCT00496977
https://clinicaltrials.gov/study/NCT00496977


survival analysis to assess overdiagnosis risk in lung

cancer screening randomized trials. J Med Screen.

2021;28:39–47.
44 Pan X, Dvortsin E, Baldwin DR, Groen HJM,

Ramaker D, Ryan J, et al. Cost-effectiveness of volume

computed tomography in lung cancer screening: a

cohort simulation based on Nelson study outcomes. J

Med Econ. 2024;27:27–38.
45 Pastorino U, Sverzellati N, Sestini S, Silva M, Sabia F,

Boeri M, et al. Ten-year results of the multicentric

Italian lung detection trial demonstrate the safety and

efficacy of biennial lung cancer screening. Eur J Cancer.

2019;118:142–8.
46 Pastorino U, Silva M, Sestini S, Sabia F, Boeri M,

Cantarutti A, 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.
47 Pedersen JH, Ashraf H, Dirksen A, Bach K, Hansen H,

Toennesen P, 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.
48 Rasmussen JF, Siersma V, Pedersen JH, Brodersen J.

Psychosocial consequences in the Danish randomised

controlled lung cancer screening trial (DLCST). Lung

Cancer. 2015;87:65–72.
49 Treskova M, Aumann I, Golpon H, Vogel-Claussen J,

Welte T, Kuhlmann A. Trade-off between benefits,

harms and economic efficiency of low-dose CT lung

cancer screening: a microsimulation analysis of nodule

management strategies in a population-based setting.

BMC Med. 2017;15:162.

50 Carozzi F. An Italian randomized trial for the

evaluation of the efficacy of lung cancer screening with

low dose computed tomography. The ITALUNG

Study. https://clinicaltrials.gov/study/NCT02777996

2016.

51 van den Bergh K a M, Essink-Bot ML, Borsboom

GJJM, Scholten ET, van Klaveren RJ, de Koning HJ.

Long-term effects of lung cancer computed tomography

screening on health-related quality of life: the NELSON

trial. Eur Respir J. 2011;38:154–61.
52 van den Bergh K a M, Essink-Bot ML, Borsboom GJ,

Th Scholten E, Prokop M, de Koning HJ, et al. Short-

term health-related quality of life consequences in a

lung cancer CT screening trial (NELSON). Br J Cancer.

2010;102:27–34.
53 Young RP, Duan F, Chiles C, Hopkins RJ, Gamble

GD, Greco EM, 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.
54 National Lung Screening Trial Research Team. Lung

cancer incidence and mortality with extended follow-up

in the National Lung Screening Trial. J Thorac Oncol.

2019;14:1732–42.
55 Li M, Zhang L, Charvat H, Callister ME, Sasieni P,

Christodoulou E, et al. The influence of postscreening

follow-up time and participant characteristics on

estimates of overdiagnosis from lung cancer screening

trials. Int J Cancer. 2022;151:1491–501.
56 Bonney A, Malouf R, Marchal C, Manners D, Fong

KM, Marshall HM, et al. Impact of low-dose

computed tomography (LDCT) screening on lung

cancer-related mortality. Cochrane Database Syst Rev.

2022;8:CD013829.

57 Gao W, Wen CP, Wu A, Welch HG. Association of

Computed Tomographic Screening Promotion with

Lung Cancer Overdiagnosis among Asian Women.

JAMA Intern Med. 2022;182:283–90.
58 Callister MEJ, Baldwin DR, Akram AR, Barnard S,

Cane P, Draffan J, et al. British Thoracic Society

guidelines for the investigation and management of

pulmonary nodules. Thorax. 2015;70(2):ii1–ii54.
59 Gould MK, Donington J, Lynch WR, Mazzone PJ,

Midthun DE, Naidich DP, 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–e120S.
60 MacMahon H, Naidich DP, Goo JM, Lee KS, Leung

ANC, Mayo JR, et al. Guidelines for Management of

Incidental Pulmonary Nodules Detected on CT images:

from the Fleischner society 2017. Radiology.

2017;284:228–43.
61 Toes-Zoutendijk E, Kooyker AI, Elferink MA,

Spaander MCW, Dekker E, Koning HJ, et al. Stage

distribution of screen-detected colorectal cancers in The

Netherlands. Gut. 2018;67:1745–6.

Supporting information

Additional supporting information may be found

online in the Supporting Information section at the end

of the article.
Fig. S1. Risk of bias for magnitude of overdiagnosis

estimates. Assessment of bias in the effect of assign-

ment to intervention.

Fig. S2. Risk of bias for overdiagnosis-related harm

estimates. Assessment of bias in the effect of assign-

ment to intervention.

Fig. S3. Risk of bias for costs associated with overdi-

agnosis estimates.

Table S1. Search strategy.

Table S2. Reasons for exclusion of studies.

Table S3. Overdiagnosis, participation, and contamina-

tion in included trials.

18 Molecular Oncology (2025) ª 2025 The Author(s). Molecular Oncology published by John Wiley & Sons Ltd on behalf of Federation of European Biochemical Societies.

Overdiagnosis in lung cancer screening F. K. Fern�andez-S�aenz et al.

 18780261, 0, D
ow

nloaded from
 https://febs.onlinelibrary.w

iley.com
/doi/10.1002/1878-0261.70139 by Spanish C

ochrane N
ational Provision (M

inisterio de Sanidad), W
iley O

nline L
ibrary on [19/11/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://clinicaltrials.gov/study/NCT02777996

	Outline placeholder
	1. Introduction
	2. Materials and methods
	2.1. Eligibility criteria and searches
	2.2. Data collection, critical appraisal and synthesis of results

	3. Results
	3.1. Search results
	3.2. Characteristics of included studies
	3.3. Risk of bias in included studies
	3.4. Results of the included studies
	3.4.1. Comparison: LDCT Versus no screening

	3.5. Costs associated with overdiagnosis
	3.5.1. Comparison: LDCT Versus chest x-ray


	4. Discussion
	4.1. Main findings
	4.2. Results in the context of previous studies
	4.3. Limitations and strengths
	4.4. Implications for practice and research

	5. Conclusions
	 Acknowledgements
	 Conflict of interest
	 Authors contributions
	 IARC disclaimer
	 Data accessibility
	 References
	Supporting Information


