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Abstract

Screening for lung cancer (LC) by low-dose computed tomography (LDCT) has been

demonstrated to reduce LC mortality in randomized clinical trials (RCTs), and its

implementation is in preparation in many countries. However, definition of the target

population, which was based on various combinations of age ranges and definitions

of heavy smoking in the RCTs, is subject to ongoing debate. Using epidemiological

data from Germany, we aimed to estimate prevalence of preclinical LC and positive

predictive value (PPV) of LDCT in potential target populations defined by age and

smoking history. Populations aged 50 to 69, 55 to 69, 50 to 74 and 55 to 79 years

were considered in this analysis. Sex-specific prevalence of preclinical LC was esti-

mated using LC incidence data within those age ranges and annual transition rates

from preclinical to clinical LC obtained by meta-analysis. Prevalence of preclinical LC

among heavy smokers (defined by various pack-year thresholds) within those age

ranges was estimated by combining LC prevalence in the general population with

proportions of heavy smokers and relative risks for LC among them derived from

epidemiological studies. PPVs were calculated by combining these prevalences with

sensitivity and specificity estimates of LDCT. Estimated prevalence of LC was 0.3%

to 0.5% (men) and 0.2% to 0.3% (women) in the general population and 0.8% to 1.7%

in target populations of heavy smokers. Estimates of PPV of LDCT were <20% for all

definitions of target populations of heavy smokers. Refined preselection of target

populations would be highly desirable to increase PPV and efficiency of LDCT

screening and to reduce numbers of false-positive LDCT findings.
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1 | INTRODUCTION

Lung cancer (LC) is one of the most common cancers worldwide and

causes more deaths than any other type of cancer in both men and

Abbreviations: LC, lung cancer; LDCT, low-dose computed tomography; MST, mean sojourn

time; NLST, National Lung Cancer Screening Trial; NPV, negative predictive value; PPV,

positive predictive value; RR, relative risk.
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women.1 The use of tobacco products is the main cause of LC,

meaning that LC is very preventable,2-4 and incidence closely mirrors

the history of the smoking epidemic in various countries.5 However,

even with complete eradication of tobacco use, the effect of past

smoking will remain relevant for many coming decades. For instance,

risk for LC was demonstrated to remain >3-fold higher than that of

never smokers even after 25 years since quitting,6 which underlines

the importance of efforts to limit the burden of LC deaths by early

detection in a curable stage. Screening high-risk individuals for LC has

gained momentum after the National Lung Cancer Screening Trial

(NLST) demonstrated a 20% reduction in mortality with low-dose

computed tomography (LDCT) as compared to X-ray screening.7 The

largest European Screening Trial (NELSON) has also recently demon-

strated results in favor of LDCT screening of high-risk individuals,8

and preparations for the implementation of LDCT-based screening

are underway in many countries, including Germany.

Efficiency of screening strongly depends on the sensitivity and

specificity of the screening test and the prevalence of the disease in

the target population. There is consensus that preselection of high-risk

people with increased prevalence of preclinical LC is crucial to make

LDCT screening efficient. Given the predominant role of smoking and

age for LC risk, randomized trials have used various definitions of heavy

smoking, typically defined by a minimum number of pack-years, such as

20 or 30 pack-years (along with excluding former smokers who quit

more than 10 or 15 years ago), and various age ranges for selecting

high-risk target populations for LDCT screening.7,9 However, data are

scarce on how different selection criteria would translate into positive

predictive values (PPVs) and negative predictive values (NPVs) of LDCT,

which are crucial metrics regarding efficiency of screening and potential

harms due to false-positive results.

Using epidemiological data from Germany, we aimed to estimate

prevalences of preclinical LC among potential target populations at

high risk for LC screening, defined by various age ranges and various

definitions of heavy smoking, and to use these prevalences to esti-

mate expected PPVs and NPVs for LDCT in LC screening. In our ana-

lyses, LDCT positivity was defined as any suspicious LDCT result

requiring follow-up examination.

2 | MATERIALS AND METHODS

2.1 | Prevalence of preclinical LC in the general
population within the potential target age ranges

As a first step, we derived prevalence of preclinical LC in the general

population within the potential target age ranges. LC incidence (INC) at

a certain age can be expressed as a product of the prevalence of pre-

clinical LC (PREVLC) and the annual transition rate from preclinical to

clinically detected LC at that age (TRANS): INC = PREVLC × TRANS.

Prevalence of preclinical LC, therefore, can be calculated as the ratio of

incidence and annual transition rate, PREVLC = INC / TRANS.

Age- and sex-specific LC incidences per 100 000 individuals

together with LC case numbers in 5-year age groups for men and

women in Germany in 2016 were drawn from the German Center for

Cancer Registry Data.10 The following potential target populations for

screening were considered based on age ranges included in various

LDCT trials11: 50 to 69, 50 to 74, 55 to 69 and 55 to 74 years.

The annual transition rate between preclinical and clinical LC was

calculated as a reciprocal value of the mean sojourn time (MST) of LC

in the preclinical stage. Bivariate random-effects meta-analysis12 was

used to pool previously reported MST estimates13 from six CT-based

LC early detection trials enrolling men and women of at least

40 years.14-19 Meta-analysis was performed using the R package

mada.20 A summary estimate of 2.34 years (95% CI, 1.66-3.31) was

obtained (Supplementary Figure 1), which translates to an annual tran-

sition rate of 42.7% (=1/2.34; 95% CI, 30.2-60.2). MST was consid-

ered constant across all age groups and both genders in this analysis.

Other potential annual transition rates of 30%, 40%, 50%, and 60%

were considered in sensitivity analyses.

2.2 | Prevalence of preclinical LC among heavy
smokers

Proportions of men and women in Germany with at least 20, 30 and

40 pack-years smoking history were calculated using data from the

European Commission's Eurobarometer Survey on smoking conducted in

2017.21 At least 1 pack-year smoking history was required for the indi-

viduals to be classified as ever smokers. Individuals who quit within

1 year of data collection were considered to be current smokers. Among

former smokers, only those with the corresponding pack-year smoking

history who quit within 10 years were considered as heavy smokers.

Such or similar selection criteria have been applied for ex-smokers in var-

ious LC screening trials.11 Individuals with insufficient information to

derive pack-years or time of cessation (<8% of data among self-reported

current and former smokers) were classified based on self-reported

smoking status and these individuals were allocated to the respective

What's new?

Lung cancer screening using low-dose computed tomogra-

phy (LDCT) is nearing implementation in various countries.

However, defining the target population, particularly which

individuals will benefit most from LDCT screening, remains a

critical issue. Here, using data from Germany, the authors

investigated different combinations of age range and

smoking history and examined how well these combinations

estimated preclinical lung cancer prevalence. Analyses show

that expected positive predictive values of lung cancer

screening by LDCT were below 20 percent for heavy

smokers, within all age ranges investigated. The findings

highlight the need for improved target population preselec-

tion for lung cancer screening by LDCT.
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pack-year categories according to the proportions observed among cur-

rent and former smokers with non-missing information. Population

weights provided with the survey data were used for all calculations.

Prevalence of preclinical LC among heavy smokers was estimated

from the prevalence of preclinical LC in the general population

(PREVLCgeneral population), the proportion of heavy smokers in the gen-

eral population (PROPheavy smokers, derived from the Eurobarometer

Survey) and the relative risk (RR) of LC of heavy smokers compared to

those not meeting the heavy smoking definition as follows (derivation

of the equation can be found in Supplementary Methods):

PREVLCheavysmokers =
RR*PREVLCgeneralpopulation

RR*PROPheavysmokers + 1−PROPheavysmokers

� � :

RRs for LC among individuals with at least 20, 30 and 40 pack-years

compared to the complementary groups not meeting these heavy smoking

definitions were estimated by combining RR estimates for specific pack-

year categories compared to nonsmokers, which were extracted from a

pooled analysis of nine case-control studies comprising 13 169 LC cases

and 16 010 sex- and age-matched controls,22 with data on the distribution

of those categories in the German population, which were extracted from

the Eurobarometer Survey.

2.3 | Sensitivity and specificity of LDCT for LC
detection

Estimates of diagnostic performance of LDCT for LC detection are

available from randomized clinical trials (RCTs)7,23 as well as modeling

studies. In our main analysis, sensitivity and specificity of LDCT for LC

detection were assumed to be 85% and 94%, respectively, in analogy

with a previous modeling study.13 These estimates are consistent with

recent data of a German LDCT trial (LUSI), which suggested sensitivity

of LDCT screening to be between 83% and 91% in Germany

depending on the mode of calculation.23 Other potential sensitivity

and specificity estimates between 80% and 98% for LDCT screening

were considered in sensitivity analyses.

2.4 | PPVs and NPVs

Using standard formulas,24 we calculated expected sex-specific

PPVs and NPVs for LC screening with LDCT among individuals

with at least 20, 30 and 40 pack-year smoking history among those

aged 50-69, 55-69, 55-69 and 55-79 years based on sensitivities

and specificities of LDCT and prevalences of preclinical LC derived

as outlined earlier.

3 | RESULTS

3.1 | Prevalence of preclinical LC in the general
population

LC prevalence estimates calculated using LC incidence data and assum-

ing an annual transition rate between preclinical and clinical LC of

42.7% are shown in Table 1. Estimates of LC prevalence among men

varied between 0.33% among 50- to 69-year-olds and 0.49% among

55- to 74-year-olds. Among women, prevalence estimates were

between 0.21% and 0.28% among 50 to 69 and 55 to 74-year-olds,

respectively. Other potential annual transition rates between preclinical

and clinical LC (ie, 30%, 40%, 50% and 60% that translate to MSTs of

3.33, 2.5, 2.0 and 1.65 years, respectively) resulted in prevalence esti-

mates between 0.15% and 0.69%. For instance, the estimated LC prev-

alence for men aged 50 to 69 years was 0.47% for a transition rate of

30% and 0.24% for a transition rate of 60%. The corresponding preva-

lence estimates for women were 0.30% and 0.15%, respectively.

Age-specific prevalence estimates by 5-year age groups are

shown in Supplementary Table 1. Prevalence was estimated to be

higher for men than for women of all age groups.

TABLE 1 Estimated sex-specific prevalence of preclinical lung cancer in Germany in 2016

Prevalence (%) based on annual transition ratea of

Target population age Incidence per 100 000 42.7%b 30%c 40%c 50%c 60%c

Men

50 to 69 141.4 0.33 0.47 0.35 0.28 0.24

50 to 74 165.9 0.39 0.55 0.41 0.33 0.28

55 to 69 182.4 0.43 0.61 0.46 0.36 0.30

55 to 74 208.4 0.49 0.69 0.52 0.42 0.35

Women

50 to 69 90.2 0.21 0.30 0.23 0.18 0.15

50 to 74 99.6 0.23 0.33 0.25 0.20 0.17

55 to 69 112.9 0.26 0.38 0.28 0.23 0.19

55 to 74 120.9 0.28 0.40 0.30 0.24 0.20

aAnnual transition rate between preclinical and clinically manifested lung cancer used to calculate prevalence estimates.
bMain analysis.
cSensitivity analyses.
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3.2 | Prevalence of heavy smoking

Proportions of individuals in Germany classified by smoking status

are shown in Table 2. Among the four potential target

populations for screening differing in age structure, 43% to 47%

of men and 59% to 61% of women were nonsmokers. Proportions

of men and women with at least 20 pack-year smoking history

were 26% to 31% and 13% to 16%, respectively. When consider-

ing a higher smoking exposure, 20% to 22% (men) and 10% to

13% (women) had at least 30 pack-year smoking history and 16%

to 20% (men) and 6% to 9% (women) had 40 pack-year smoking

history.

TABLE 2 Sex-specific proportion of
individuals classified by smoking status in
Germany in 2017 Target population age Nonsmoker (%)

Ever smoker (current + former) (%)

Total ≥20 PYa ≥30 PYa ≥40 PYa

Men

50 to 69 43.3 56.7 30.7 21.9 17.7

50 to 74 45.2 54.8 28.2 20.4 16.4

55 to 69 44.4 55.6 28.5 22.4 19.7

55 to 74 46.7 53.3 25.6 20.4 17.6

Women

50 to 69 59.3 40.7 15.5 11.3 7.5

50 to 74 60.2 39.8 13.8 10.0 6.4

55 to 69 59.7 40.3 14.5 13.4 8.5

55 to 74 60.8 39.2 12.6 11.3 6.9

Note: Estimates derived from the Eurobarometer Survey.21
aProportion of individuals with corresponding pack-year smoking history (excluding former smokers who
quit >10 years ago).

TABLE 3 PPVs and NPVs of lung cancer screening with computed tomography in Germany after preselection of target population by pack-
years

Men Women

Preselection by

Prevalence of LC in
preselected population
(95% CIa) (%)

PPVb

(95% CI) (%) NPVb,c (%)

Prevalence of LC in
preselected population
(95% CIa) (%) PPVb (95% CI) (%) NPVb,c(%)

Screening population of 50- to 69-year-olds

≥20 PY 0.88 (0.63-1.25) 11.2 (8.2-15.2) 99.9 0.82 (0.58-1.16) 10.5 (7.7-14.3) 99.9

≥30 PY 0.98 (0.69-1.38) 12.3 (9.0-16.6) 99.8 0.93 (0.66-1.31) 11.7 (8.6-15.9) 99.9

≥40 PY 1.04 (0.74-1.48) 13.0 (9.6-17.5) 99.8 0.99 (0.70-1.40) 12.4 (9.1-16.8) 99.8

Screening population of 50- to 74-year-olds

≥20 PY 1.11 (0.79-1.57) 13.7 (10.1-18.4) 99.8 0.97 (0.69-1.37) 12.2 (8.9-16.4) 99.8

≥30 PY 1.22 (0.86-1.72) 14.8 (11.0-19.9) 99.8 1.09 (0.77-1.54) 13.5 (9.9-18.1) 99.8

≥40 PY 1.30 (0.92-1.84) 15.7 (11.6-20.9) 99.8 1.17 (0.83-1.65) 14.4 (10.6-19.2) 99.8

Screening population of 55- to 69-year-olds

≥20 PY 1.20 (0.85-1.70) 14.7 (10.9-19.7) 99.8 1.11 (0.78-1.56) 13.7 (10.1-18.4) 99.8

≥30 PY 1.30 (0.92-1.84) 15.7 (11.6-21.0) 99.8 1.10 (0.78-1.55) 13.6 (10.0-18.2) 99.8

≥40 PY 1.36 (0.96-1.92) 16.3 (12.1-21.7) 99.8 1.15 (0.82-1.63) 14.2 (10.5-19.0) 99.8

Screening population of 55- to 74-year-olds

≥20 PY 1.50 (1.06-2.12) 17.7 (13.2-23.5) 99.8 1.27 (0.90-1.80) 15.4 (11.4-20.6) 99.8

≥30 PY 1.60 (1.13-2.26) 18.7 (14.0-24.7) 99.7 1.27 (0.90-1.79) 15.4 (11.4-20.6) 99.8

≥40 PY 1.67 (1.19-2.37) 19.4 (14.5-25.6) 99.7 1.35 (0.96-1.91) 16.2 (12.0-21.6) 99.8

Abbreviations: CI, confidence intervals; LC, lung cancer; NPV, negative predictive value; PPV, positive predictive value.
aCIs were calculated using CIs for the estimated preclinical lung cancer among the general population, that is, considering the annual transition rate

between preclinical and clinical lung cancer of 30.2% and 60.2%.
bPPVs and NPVs of low-dose computed tomography screening with sensitivity of 85% and specificity of 94%.
cCIs for all NPVs were very close to the displayed values (eg, CI, [99.8-99.9] for the observed value of 99.8) and therefore not displayed in the table.
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3.3 | LC risk among heavy smokers

The association of heavy smoking with LC risk, that is, RR for LC

among heavy smokers as compared to the complementary groups of

individuals not classified as heavy smokers, is shown in Supplemen-

tary Table 2. RR estimates for different age ranges and pack-year

cutoffs ranged from 4.38 to 10.66 among men and from 6.34 to 9.05

among women.

3.4 | Prevalence of preclinical LC among heavy
smokers and PPV of LC screening

Prevalence of preclinical LC among heavy smokers together with PPV

and NPV of LC screening with LDCT after preselection of the target

population by various pack-year definitions is shown in Table 3. Pre-

selection on high-risk individuals with at least 20, 30 or 40 pack-years

for LC screening is expected to result in LC prevalences between

0.88% (20 pack-years, 50 to 69-year-olds) and 1.67% (40 pack-years,

55 to 74-year-olds) among men and between 0.82% and 1.35%,

respectively, among women. Expected LC prevalence among heavy

smokers did not exceed 1.7% in any of the analyzed populations.

Assuming a sensitivity of 85% and a specificity of 94%, screening with

LDCT among individuals with at least 20 pack-year smoking history is

expected to result in PPVs of 11.2% (men) and 10.5% (women) in the

age range of 50 to 69 years. Higher PPVs are expected for higher

ages, such as 55 to 74 years (PPV = 17.7% (men) and PPV = 15.4%

(women)). Among all analyzed populations, expected PPVs range

between 10.5% and 19.4%, with higher PPVs among older

populations and with higher pack-year smoking history.

PPVs of the screening with LDCT with sensitivities and specific-

ities between 80% and 98% are demonstrated in Table 4. PPVs in

population with LC prevalence of 0.9% were between 3.5% and 4.3%

when specificity of LDCT was 80%, between 6.8% and 8.2% for speci-

ficity of 90% and between 26.6% and 30.8% for specificity of 98%.

Corresponding PPVs in population with 1.5% LC prevalence were

5.7% to 6.9%, 10.9% to 13.0% and 37.9% to 42.7% for specificities of

80%, 90% and 98%, respectively.

TABLE 4 PPVs of low-dose computed tomography screening corresponding to sensitivities and specificities between 80% and 98%

Positive predictive value, PPV (%) corresponding to sensitivity of LDCT of

Specificity level (%)
of LDCT 80% 82% 84% 86% 88% 90% 92% 94% 96% 98%

Prevalence of lung cancer = 0.9%, that is, equivalent to estimated lung cancer prevalence among 50- to 69-year-old men with at least 20 pack-year

smoking history

98 26.6 27.1 27.6 28.1 28.6 29.0 29.5 29.9 30.4 30.8

96 15.4 15.7 16.0 16.3 16.7 17.0 17.3 17.6 17.9 18.2

94 10.8 11.0 11.3 11.5 11.8 12.0 12.2 12.5 12.7 12.9

92 8.3 8.5 8.7 8.9 9.1 9.3 9.5 9.6 9.8 10.0

90 6.8 6.9 7.1 7.2 7.4 7.6 7.7 7.9 8.0 8.2

88 5.7 5.8 6.0 6.1 6.2 6.4 6.5 6.6 6.8 6.9

86 4.9 5.1 5.2 5.3 5.4 5.5 5.6 5.7 5.9 6.0

84 4.3 4.4 4.6 4.7 4.8 4.9 5.0 5.1 5.2 5.3

82 3.9 4.0 4.1 4.2 4.3 4.3 4.4 4.5 4.6 4.7

80 3.5 3.6 3.7 3.8 3.8 3.9 4.0 4.1 4.2 4.3

Prevalence of lung cancer = 1.5%, that is, equivalent to estimated lung cancer prevalence among 55- to 74-year-old men with at least 20 pack-year

smoking history

98 37.9 38.4 39.0 39.6 40.1 40.7 41.2 41.7 42.2 42.7

96 23.3 23.8 24.2 24.7 25.1 25.5 25.9 26.4 26.8 27.2

94 16.9 17.2 17.6 17.9 18.3 18.6 18.9 19.3 19.6 19.9

92 13.2 13.5 13.8 14.1 14.3 14.6 14.9 15.2 15.5 15.7

90 10.9 11.1 11.3 11.6 11.8 12.1 12.3 12.5 12.8 13.0

88 9.2 9.4 9.6 9.8 10.0 10.3 10.5 10.7 10.9 11.1

86 8.0 8.2 8.4 8.6 8.7 8.9 9.1 9.3 9.5 9.6

84 7.1 7.2 7.4 7.6 7.7 7.9 8.1 8.2 8.4 8.5

82 6.3 6.5 6.6 6.8 6.9 7.1 7.2 7.4 7.5 7.7

80 5.7 5.9 6.0 6.1 6.3 6.4 6.5 6.7 6.8 6.9

Abbreviation: LDCT, low-dose computed tomography.
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4 | DISCUSSION

Prevalence of preclinical LC is low even among heavy smokers. We

estimated in our study that in potential target populations for screen-

ing between 50 and 74 years in Germany, prevalence of LC in men

would be 0.9% to 1.5% for those with at least 20 pack-year smoking

history and 1.0% to 1.7% for those with at least 40 pack-year smoking

history. The corresponding LC prevalences among women with the

same smoking history would be 0.8% to 1.3% and 1.0% to 1.4%,

respectively. Screening those with at least 20 or more pack-year

smoking history as done in the LDCT screening trials would result in

PPVs below 20% among potential target populations for screening in

Germany, that is, more than 80% of positive LDCT results would be

expected to be false positive for any combination of age range and

definition of heavy smokers.

Our results are in agreement with and expand previous findings

from large RCTs each of which had applied one specific combination of

age range and heavy smoking definition as selection criterion. Preva-

lences of LC between 0.6% (NLST7) and 1.2% (LUSI23) have been found

among study participants in the various trials. In the NLST, an even

higher false positivity rate (96.4%, which corresponds to a PPV of 3.6%)

was reported, using a definition of LDCT positivity that yielded higher

sensitivity (94%) but substantially lower specificity (74%) than those

assumed in our main analysis (85% and 94%, respectively).7 As demon-

strated in our sensitivity analyses, PPVs below 4% would also be

expected in Germany with such low specificity, even in case of close to

perfect sensitivity. In the NELSON trial, an apparently much higher PPV

(43.5%) was reported.8 However, this estimate referred to classification

of LDCT findings after follow-up of initial suspicious (“indeterminate”)
LDCT results by follow-up CT scans after several weeks or months.

Recalculation of PPV for all initially positive or indeterminate LDCT find-

ings (among which the indeterminate findings accounted for a majority

of 82%), that is, for all findings requiring further follow-up (as done in our

analysis) would yield a PPV estimate of 8.0%, which is even lower than

the estimates of 10% to 20% derived in our main analyses. Again, this

somewhat lower PPV can be explained by the lower LDCT specificity as

the one assumed in our main analysis. Taken together, these results

imply that our already very low PPV estimates for any combination of

age range and heavy smoking definition may rather be too optimistic

than too pessimistic, which underlines the importance of better preselec-

tion of target populations for screening.

Smoking history undoubtedly is the most relevant factor to identify

high-risk individuals for screening as tobacco smoking contributes to the

development of up to 90% of LC.4,25 Nevertheless, only a small proportion

of smokers, even with a long smoking history, will develop LC.26 Despite

that, screening for LC was recommended right after the demonstrated

successful mortality reduction by NLST trial7 among those with at least

30 pack-year smoking history in the United States. European countries will

follow shortly, after having awaited findings from the NELSON trial where

reduction in LC mortality was confirmed very recently.8

Despite the evidence in mortality reduction among the heavy

smokers, the question on how to best identify the target population

for screening remains open. Multiple studies showed that only

approximately 20% to 30% of LC patients would have been eligible

for screening with NLST criteria, meaning that 70% to 80% of LC would

be missed by screening.27-36 LC screening recommendations in the

United States are now in the process to be changed to screen a larger

proportion of the population that might reduce the number of potentially

missed LC. The new suggested recommendation lowered the bar for

both age (starting at 50 instead of 55 years) and the smoking history

(at least 20 instead of 30 required pack-year history).37 The 20 pack-year

eligibility criterion was also used in the majority of the LC screening

trials in Europe.38-41 In the German LUSI trial, the same way as in the

NELSON trial, heavy smoking was defined as continued smoking of ≥15

or ≥10 cigarettes per day for at least 25 or 30 years (which translates to

at least 18.75 and 15 pack-years), respectively. With lowering the thresh-

old of smoking exposure for qualifying as heavy smoker, a larger propor-

tion of the population including a larger proportion of LC cases becomes

eligible for screening (Supplementary Table 3). At the same time, however,

as demonstrated in our analyses (see Table 3), this will further reduce

prevalence of LC and PPV in the population eligible for LC screening.

Given the limitations of preselecting people for LC screening based

on smoking history and age alone, and given the tradeoff between

reducing the proportion of missed LC cases and further lowering the

PPV of LDCT scans by relaxing smoking history based screening eligibil-

ity criteria, alternative approaches have been proposed based on more

comprehensive individual risk stratification. LC risk models incorporating

information on smoking history together with sociodemographic factors,

personal and family history of cancer, history of other lung diseases such

as emphysema and chronic obstructive pulmonary disease (COPD) and

many more have demonstrated enhanced LC risk prediction compared

to risk prediction based on smoking history alone.42-44 LC prevalence

was slightly higher but still rather low (1.7%) in the baseline findings of

the UK screening trial that included individuals identified to be at larger

risk for LC by the Liverpool Lung Project risk model.45 Nevertheless,

risk-based LC screening models, possibly along with environmental and

occupational exposure risk assessment, have potential to improve the

preselection of high-risk individuals for screening. The same applies for

novel biomarkers that might be combined with risk factor information

for enhanced risk stratification. Search for such enhanced risk stratifica-

tion should therefore be intensified in order to make LDCT based

screening more efficient and to reduce the numbers of false positive

results, their adverse psychological consequences for screenees as well

as potential harms and complications, use of healthcare system resources

and costs of follow-up examinations. From a practical perspective, ideal

candidates for biomarkers might be markers that can be determined in

biospecimen that are routinely collected in medical practice, such as

blood samples. For example, recent research has demonstrated that the

combination of epigenetic signatures of smoking history in peripheral

blood with self-reported smoking history may enhance prediction of LC

risk compared to self-reported smoking history alone.46 Other biomarker

candidates for enhanced preselection of LDCT-based screening might be

novel breath sample-based signatures47 if promising results from prelimi-

nary studies can be confirmed by thorough validation. In addition, liquid

biopsies performed in combination with positive LDCT results may also

help to reduce the frequency of false-positive screening results.
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Our study has several limitations that need to be addressed.

Firstly, LC prevalence was estimated based on mean length of the

preclinical disease phase (MST). MST estimates between 3 months48

and a few years13,49 have been reported from chest X-ray and

CT-based studies, with shorter MST estimates from the chest

X-ray-based studies. Given that LDCT is more accurate and there-

fore superior to chest X-ray for LC screening,50 we focused on data

from the CT-based studies only. We used MST estimates calculated

by Chien et al13 as these were not available from the original studies.

Because MST was calculated using the same approach in all studies,

differences between estimates should not be affected by the under-

lying calculations but rather reflect differences in individual study

designs and patients characteristics.

Secondly, we used the same estimate of MST across both genders

and all ages as available subgroup-specific data are still sparse. Slightly

higher annual transition rates between preclinical and clinical LC have

been reported for women than for the men.51 In addition, more pro-

nounced differences in MST could be expected for histological sub-

types of LC than for age or sex. For instance, more aggressive small

cell LC may have shorter MST than slow-growing cancers.48 More

studies would be needed in this area to obtain detailed estimates of

MST for LC development in various populations.

Thirdly, our calculations were restricted to epidemiological data

from Germany. Nevertheless, similarly low PPVs would also be

expected in countries with different smoking prevalences and LC inci-

dence rates.

Finally, diagnostic performance parameters of LDCT were based

on data from the literature. To be consistent, we used the same

assumption for LDCT performance (ie, sensitivity = 85%, specific-

ity = 94%) as was used for estimation of MST for LC in the study

reporting MST for preclinical LC.13 Specificity of LDCT turned out to

be even lower, however, in trials published since then which may

explain the even lower PPVs observed in these trials. A higher sensi-

tivity of LDCT-based classification generally comes with a reduction

in both specificity and PPV and vice versa. Higher PPVs at no loss or

even increase in sensitivity could only be achieved by developing

either better screening exams or better preselection criteria for high-

risk individuals for LC screening.

In summary, the prevalence of asymptomatic screening-

detectable LC among heavy smokers is low despite heavy smoking

being a very strong risk factor for LC. Preselection of screenees by

age and heavy smoking alone is expected to result in PPVs <20%,

regardless of the specific definition of age range and heavy

smoking. Further research should aim for better preselection of

the target populations for LDCT screening, for example, by more

refined risk scores or inclusion of informative biomarkers, in order

to focus LDCT-based screening on populations with higher LC

prevalence. More refined preselection of screenees should aim at

achieving both more complete identification of people with pre-

clinical LC, as well as reduction of unnecessary screenings of peo-

ple without LC in order to increase the PPV of LDCT-based

screening and thereby reduce the number of false-positive test

results and their adverse consequences.
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