
ORIGINAL ARTICLE

Risk stratification based on screening history:
the NELSON lung cancer screening study
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ABSTRACT
Background Debate about the optimal lung cancer
screening strategy is ongoing. In this study, previous
screening history of the Dutch-Belgian Lung Cancer
Screening trial (NELSON) is investigated on if it predicts
the screening outcome (test result and lung cancer risk)
of the final screening round.
Methods 15 792 participants were randomised (1:1)
of which 7900 randomised into a screening group. CT
screening took place at baseline, and after 1, 2 and
2.5 years. Initially, three screening outcomes were
possible: negative, indeterminate or positive scan result.
Probability for screening outcome in the fourth round
was calculated for subgroups of participants.
Results Based on results of the first three rounds, three
subgroups were identified: (1) those with exclusively
negative results (n=3856; 73.0%); (2) those with ≥1
indeterminate result, but never a positive result
(n=1342; 25.5%); and (3) with ≥1 positive result
(n=81; 1.5%). Group 1 had the highest probability for
having a negative scan result in round 4 (97.2% vs
94.8% and 90.1%, respectively, p<0.001), and the
lowest risk for detecting lung cancer in round 4 (0.6%
vs 1.6%, p=0.001). ‘Smoked pack-years’ and ‘screening
history’ significantly predicted the fourth round test
result. The third round results implied that the risk for
detecting lung cancer (after an interval of 2.5 years) was
0.6% for those with negative results compared with
3.7% of those with indeterminate results.
Conclusions Previous CT lung cancer screening results
provides an opportunity for further risk stratifications of
those who undergo lung cancer screening.
Trial registration number Results,
ISRCTN63545820.

INTRODUCTION
Lung cancer is the leading cause of cancer-related
death worldwide.1 Lung cancer is often diagnosed
at an advanced disease stage and occurs increas-
ingly among former smokers.2 This underlines the
need for preventive measures. Since 2013, lung
cancer screening has been recommended by the
United States Preventive Services Task Force.3 4

People aged 55 through 80, who have smoked at
least 30 pack-years, and currently smoke or have
quit smoking within the past 15 years are invited
for an annual low-dose CT (LDCT) examination in
the USA. However, debate about the optimal
screening strategy (eg, the optimal screening inter-
val) is still ongoing.5–9

Currently, lung cancer screening is not imple-
mented in Europe. The main reason is that none of
the (underpowered) European lung cancer screen-
ing trials have shown a mortality reduction so
far.10–13 However, Europe’s largest trial the Dutch-
Belgian lung cancer screening trial (NELSON) is
now in its final follow-up phase and is sufficiently
powered to detect a lung cancer mortality reduc-
tion of at least 25%.14–16 Main differences between
NELSON and the National Lung Screening Trial
(NLST) are as follows: (1) the age of the selected
subjects (50–74 vs 55–74 years), (2) the use of
increasing screening intervals versus annual screen-
ing, (3) volumetric-based nodule management
versus a diameter-based nodule management and
(4) a control group with no screening versus a
control group screened with annual chest radiog-
raphy. The differences in screening interval enable
to investigate the optimal screening strategy for
lung cancer screening to reduce the probability on
potential harms (eg, false-positive examinations
leading to unnecessary (non)-invasive diagnostic
procedures) for those without lung cancer.4 17 18

The NLST showed that lung cancer risk and mor-
tality benefit vary within the screened population:
the largest mortality benefit was achieved in the
subgroup with the highest risk for developing lung
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cancer.4 The ratio between benefits and harms of lung cancer
screening could be improved by more precisely identifying a
high-risk population for developing lung cancer19–21 and by risk
stratification of subjects based on the individual’s screening
history (eg, previous screening outcome or presence of a
nodule).6 22–24 Recently, the NLST showed that participants
with a negative screening result at baseline have a lower lung
cancer detection risk at subsequent screening rounds compared
with all screened participants and therefore may not need
annual lung cancer screening.7 In line with this, the baseline
scan in the NELSON trial allowed the identification of three
subgroups with different risks for detecting lung cancer in the
second and third screening rounds.23 Since all NELSON screen-
ing rounds with different screening intervals (with a unique
2.5-year interval) have been completed, this study aims to inves-
tigate whether NELSON subgroups with different risks for
detecting lung cancer can be identified based on their previous
screening history. This information might be useful for further
risk stratification of subjects who undergo lung cancer
screening.

METHODS
NELSON trial
In brief, the NELSON trial is a randomised-controlled,
population-based lung cancer screening trial. The primary aim is
to the investigate whether LDCT screening of high-risk subjects
for developing lung cancer can lead to a reduction of lung
cancer mortality by ≥25% compared with no screening at
10 years of follow-up.15 High-risk subjects, mainly males, were
defined as aged between 50 and 74 years, who had smoked at
least 15 cigarettes/day for ≥25 years or 10 cigarettes/day for
≥30 years, and were still smoking or had quit <10 years ago.14

Initially, 15 822 participants were randomised (1:1). However,
through linkages with the national cancer registries and death
registries of the Netherlands and Belgium (Statistics Netherlands
and the Flemish Agency for Care and Health, respectively), it
appeared that 30 participants (15 screening group and 15
control group participants) died before randomisation and
should therefore be ruled out from further analysis. After this
correction, 15 792 participants were randomised (1:1) into a
CT screening group (7900) and into a control group (n=7892).
Screening took place at baseline, after 1 year, 3 years and
5.5 years. The control group received usual care (no screening).
The baseline screening round was conducted from January
2004 through December 2006, and the final screening round
was conducted from November 2009 through March 2012.

Study participants
For the risk stratifications based on the regular scan results of
the first three screening rounds, only participants who attended
both one of the first three regular screening rounds and round 4
were included (n=5279). For the risk stratification based on the
results of the third screening round alone, participants who
attended both the third and fourth rounds were included
(n=5268). To compare participants with and without a
screening-detected lung cancer across all the screening rounds,
all screened participants were included (n=7582).

Screening procedures, outcomes and the nodule
management protocol
Screening was performed using 16-detector CT scanners in
low-dose setting at four screening sites (University Medical
Center Groningen, University Medical Center Utrecht,
Kennemer Gasthuis Haarlem in the Netherlands and University

Hospital Gasthuisberg Leuven in Belgium).25 More detailed
descriptions of the equipment, the execution of the screening
examination and the nodule management protocol have been
published previously.15 23 25–27 In short, screening could lead to
the following test results: (1) negative: no nodule, newly
detected nodule with a volume of <50 mm3 or previously
detected nodule with a growth (change in volume between
scans) of <25% or ≥25% but with a volume doubling time
(VDT) of >600 days; (2) indeterminate: newly detected nodule
with a volume of 50–500 mm3 or previously detected nodule
with a VDT of 400–600 days; or (3) positive: newly detected
nodule with a volume of >500 mm3 or previously detected
nodule with a VDTof <400 days.15

Participants with a negative screening result were invited for
the next regular screening round. Those with an indeterminate
screening result underwent a low-dose follow-up CT scan to
measure volume growth and VDT after 6 weeks to 4 months or
after 12 months (depending on nodule volume and screening
rounds), to define their definitive screening result (negative or
positive). Those with a positive screening result were referred to
a pulmonologist for a diagnostic work-up. If no lung cancer was
diagnosed, the participant was referred to the next regular
screening round. If lung cancer was confirmed, the patient
received treatment according to the Dutch National guidelines.
Medical data of these patients were collected prospectively.

Definitions
Current smokers were those who were smoking or who had
smoked in the last 7 days before completion of the baseline
(risk) questionnaires. Former smokers have quit smoking for
10 years or less. Variables that were calculated were pack-years
(20 cigarettes smoked per day for 1 year) and body mass index
(BMI) (body weight (in kilograms)/the square of body length (in
metres)). New nodules were nodules which were labelled as
‘new nodule’ or labelled as ‘not new, but too small in previous
scan to be detectable’ by radiologists.24

Regular round scans were the first CT examinations in a
regular screening round (years 1, 2, 4 and 6.5). Follow-up scans
were repeat LDCT scans after an indeterminate result in one of
the four regular rounds. A screening-detected lung cancer was
defined as a lung cancer diagnosed by a pulmonologist within
12–24 months, depending on the screening round, after referral
for a positive screening. Lung cancer detection rate was defined
as the number of screening-detected lung cancers divided by the
number of screened participants. Regular scan result was
defined as the result of the first CT examination in a screening
round, while the definitive outcome of the screening (screening
result) was made after inclusion of the results of the follow-up
scans at the conclusion of that screening round.

Risk groups
Three unique subgroups were identified based on regular scan
results of the first three screening rounds: (1) participants with
solely negative results (n=3856; 73%); (2) participants with ≥1
indeterminate result and never a positive result (n=1342,
25.5%); and (3) participants with ≥1 positive result (n=81,
1.5%; online supplementary table S1).

Based on the regular scan results of round 3, three other
unique subgroups were identified: (1) those with a negative
result in round 3 (n=4925, 93.5%); (2) those with an indeter-
minate result in round 3 (n=324, 6.2%); and (3) those with a
positive result in round 3 (n=19, 0.4%).
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Statistical analyses
None of the continuous variables were distributed normally,
tested by using the Kolmogorov-Smirnov test and examining
Q–Q plots. Therefore, the variables were described by using
medians and IQRs. Differences between the continuous vari-
ables across the subgroups were calculated by using the median
test or analysis of variance, depending on number of subgroups.
Differences between nominal variables were calculated by using
a χ2 test. Differences between categorical variables were tested
by using a Mann-Whitney U test or Kruskal-Wallis test, depend-
ing on the number of subgroups. To test differences between the
subgroups regarding the probability of having a negative or non-
negative (indeterminate or positive test result) in the fourth
round, and to test differences between the subgroups regarding
the risk for detecting lung cancer in the fourth round, a logistics
regression analysis was used. The associations of gender, pack-
years smoked, age at randomisation, smoking status at random-
isation and age of starting smoking with the screening outcome
of the fourth round were assessed through univariate and multi-
variate analyses. For multivariate analyses, an ordinal logistic
regression model was developed using backward selection. In
addition, variables were also tested for interactions. For all ana-
lyses, a p value <0.05 was considered significant, and IBM SPSS
Statistics V.21 was used.

RESULTS
In the first three rounds, 7557, 7295 and 6922 participants
were screened, respectively.23 In round 4, 5279 participants
were screened and 5380 scans were performed; of which 5279
were regular scans and 101 follow-up scans.16 In this section,
the probabilities of screening outcomes and risk for detecting
lung cancer in round 4 were calculated based on the regular
scan results alone. An overview of these probabilities based on
the definitive screening results of round 4 is presented in the
online data supplement (see table S1).

Risk stratification based on the results of the first three
screening rounds
Based on the regular scan results of the first three rounds, three
subgroups were identified: (1) participants with only negative
results; (2) participants with ≥1 indeterminate, but never a posi-
tive result; and (3) participants with ≥1 positive result (table 1).
Those from group 1 were slightly younger (57.0 vs 58.0 years,
p<0.001) compared with the participants of the other sub-
groups. Participants with ≥1 positive result had smoked statistic-
ally significant slightly more pack-years than the other
subgroups (p=0.02). No significant differences were observed

between gender and baseline smoking status among the sub-
groups (p=0.66 and p=0.23, respectively).

Participants with ≥1 indeterminate result, but never a positive
result (OR 1.89, p=0.001), and participants with ≥1 positive
result (3.77, p<0.001; table 2) had a significantly higher OR of
receiving a non-negative scan result (eg, an indeterminate or a
positive result) in round 4 compared with the group with solely
negative results in the first three rounds (the reference group).

In univariate analysis, only the screening history (p<0.001)
and smoked pack-years (p=0.01) significantly predicted the
regular scan result in round 4, while gender (p=0.70), age
(p=0.13) and baseline smoking status (p=0.75) did not. In
multivariate analysis, screening history and smoked pack-years
remained significant predictors (p<0.001 and p=0.02, respect-
ively): the model suggests that screening history and pack-years
are positively associated with the screening outcome in the
fourth round (see online supplementary table S4). Interaction
between subgroups and smoked pack-years was not significant
(p=0.89).

In round 4, 43 participants were diagnosed with 46
screening-detected lung cancers. OR for detecting lung cancer
in round 4 differed between the subgroups as well: relative to
the group with only negative results, the group with ≥1 indeter-
minate result (but never a positive result) had an OR of 2.77
(p<0.001) for detecting lung cancer in round 4 (table 3). No
lung cancer was detected in the group with ≥1 positive result.
None of the following factors predicted significantly the detec-
tion of lung cancer in round 4: gender (p=0.71), age (p=0.10),
starting age of smoking (p=0.20), smoking status (0.28) or
pack-years smoked (0.09; all data not shown). Multivariate ana-
lysis showed no statistically significance for age and pack-years
smoked.

A total of 22 (51.2%) of the participants with screen-detected
lung cancer in round 4 had solely negative scan results in the
first three screening rounds, and in 20 (90.9%) of those partici-
pants lung cancer was detected in a new nodule (data not
shown). The remaining 21 (48.8%) screen-detected lung cancers
in round 4 were detected among participants with at least one
indeterminate scan result in the previous three screening
rounds, and in 12 (57.1%) of those participants lung cancer was
detected in a new nodule (data not shown).

Participants with only negative regular scan results were strati-
fied by pack-years smoked. Therefore, six categories were made:
<25, 26–30, 31–35, 36–40, 41–45 and >45 years. For each
category, the risk for lung cancer detection in the fourth round
was calculated. The first five categories had a lung cancer risk
between 0.2% (the first category) and 0.7% (the fifth category).
In other words, the risk for detecting lung cancer in the fourth

Table 1 Baseline characteristics of subgroups based on the previous screening rounds and of all participants of the fourth screening round
(based on regular scan results)

Subgroups based on the results of the previous three screening rounds*
All participants of the
fourth screening round p Value†Baseline characteristics All negatives ≥1× indeterminate, but never a positive result ≥1× positive

Male, n/N (%) 3237/3856 (83.9) 1129/1342 (84.1) 71/81 (87.7) 4437/5279 (84.1) 0.66
Age, median (IQR) 57.0 (7.0) 58.0 (7.0) 58.0 (7.0) 58.0 (8.0) <0.001
Current baseline smokers, n/N (%) 2086/3856 (54.1) 753/1342 (56.1) 39/81 (48.1) 2878/5279 (54.5) 0.23
Pack-years at baseline, median (IQR) 38.0 (19.8) 38.0 (19.8) 38.7 (23.5) 38.0 (19.8) 0.02
Total, n (%) 3856 (73.0) 1342 (25.5) 81 (1.5) 5279 (100.0) –

*Only participants screened in across at least the first three rounds as well as in the fourth screening round were included.
†p Value across the subgroups by baseline characteristics.
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round for those who smoked less than 45 pack-years was lower
than 0.7%. For those who smoked more than 45 pack-years
(n=1091), lung cancer detection rate in round 4 was 1.1%
(p=0.04). No correlation was observed between pack-years
smoked and lung cancer detection rate in the final round (all
data not shown) for the other subgroups.

Risk stratifications based on the previous screening round
Round 4 was performed 2.5 years after the third screening round
and 5.5 years after the baseline scan. Participants with a negative
scan result in round 3 were significantly younger at baseline than
those with an indeterminate or a positive third round result
(57.0 years vs 59.0 and 59.0 years, p<0.001; table 4). The prob-
ability for detecting lung cancer in the fourth round differed
between participants with a negative scan result and an indeter-
minate scan result: 0.6% vs 3.7%, respectively (p<0.001; tables
5 and 6). No lung cancer was detected in round 4 in the small
group with a positive scan result in round 3.

Participants with a screen-detected lung cancer
Across all four screening rounds, 243 out of 7582 participants
were diagnosed with a total of 255 screening-detected lung
cancers. Participants with a screening-detected lung cancer were
significantly older (61 vs 58 years, p<0.001) and had smoked
more pack-years (44.0 vs 38.0 years, p<0.001) than those
without a screening-detected lung cancer. Of those with screen-
detected lung cancers, 28.4% had ≥1 indeterminate scan result
(but never a positive test result initially) and 71.6% had ≥1 posi-
tive scan result (this group also contains those with once a nega-
tive or an indeterminate result) before diagnoses of lung cancer.
No differences were seen in gender (p=0.98), baseline smoking
status (p=0.61) or in BMI between participants with or without
screening-detected lung cancer (p=0.38; all data not shown).

DISCUSSION
This study demonstrated that individual’s screenings history can
be used as a risk stratification tool for their further screening

Table 2 Risk calculation for subgroups based on the regular scan results of the first three rounds

Regular round scan results of the fourth screening round

Total group Negative Indeterminate Positive
Non-negative
result*

N Per cent n Per cent n Per cent n Per cent OR 95% CI p Value

Subgroups
All negatives 3856 73.0 3747 97.2 61 1.6 48 1.2 REF† REF† NA
≥1× indeterminate, but never a positive result 1342 25.5 1272 94.8 37 2.8 33 2.5 1.9 1.4 to 2.6 0.001
≥1× positive result 81 1.5 73 90.1 3 3.7 5 6.2 3.8 1.8 to 8.0 <0.001
All participants screened in round 4 5279 100.0 5092 96.5 101 1.9 86 1.6 – – –

*Non-negative result means an indeterminate or a positive scan result (based on logistic regression).
†The subgroup with only negative scan results in the first three rounds was the reference group to calculate the OR.

Table 3 Risk to detect lung cancer in round 4 for subgroups based on the regular scan results of the first three rounds

Screening-detected lung cancer in round 4

No screening-detected
lung cancer

Yes, a screening-
detected lung cancer

n Per cent N Per cent OR* 95% CI p Value

Subgroups
All negatives 3834/3856 99.4 22/3856 0.6 REF† REF† NA
≥1× indeterminate, but never a positive result 1321/1342 98.4 21/1342 1.6 2.77 1.52 to 5.05 0.001
≥1× positive result 81/81 100.0 – – NA NA NA
All participants screened in round 4 5236/5279 99.2 43/5279 0.8 – – –

*The risk for detecting lung cancer in the fourth screening round expressed in OR (based on logistic regression).
†The subgroup with only negative scan results in the first three rounds was the reference group to calculate the OR.

Table 4 Baseline characteristics of subgroups based on the regular scan results of the third screening round alone

Baseline characteristics

Subgroups based on the screening results of the third round*

p Value†Negative Indeterminate Positive

Male, n/N (%) 4143/4925 (84.1) 270/324 (83.3) 16/19 (84.2) 0.93
Age, median (IQR) 57.0 (8.0) 59.0 (8.0) 59.0 (7.0) <0.001
Current smokers, n/N (%) 2672/4925 (54.3) 195/324 (60.2) 7/19 (36.8) 0.04
Pack-years, median (IQR) 38.0 (19.8) 38.7 (19.8) 43.2 (30.0) 0.05

*Only participants screened in both the third and fourth round were included.
†p Value across the subgroups by baseline characteristics.
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regime. The probability for screening outcome in the fourth
round differs across previous screening test result(s). Also, the
risk for detecting lung cancer in the fourth screening round
differs based on the previous screening outcome(s).

Previous NELSON results showed that the risk for detecting
lung cancer in the subsequent second and third rounds differed
among the baseline scan result.23 Those with an indeterminate
or a positive baseline scan result had a higher risk for detecting
lung cancer in round 2 or 3, compared with those with a nega-
tive baseline scan result. In this study, the results indicated that
the probability for non-negative (ie, indeterminate or positive)
scan result in the fourth round was higher for those with ≥1
indeterminate (but never a positive result) and those with ≥1
positive result in the first three rounds, compared with those
with only negative results in the first three rounds. Furthermore,
it was demonstrated that having an older age and have smoked
more pack-years smoked were both significant predictors for
non-negative result. These results were in line with our previous
study results.23 None of the lung cancers detected in round 4
was detected in the group with previously ≥1 positive scan
result. Moreover, the risk for detecting lung cancer in the final
fourth round was non-significantly higher for those with an
indeterminate or a positive definitive screening result compared
with solely negative screening results (OR of 2.95 and 2.10,
respectively).

The combined results of the previous screening rounds turned
out to predict the screening outcome (scan results or lung
cancer detection risk) in the fourth screening round. The third
round test result predicted the fourth round test result after an
interval of 2.5 years; for those with a negative third scan, a sub-
sequent round with a 2.5 years interval seemed even short, as
the lung cancer risk was <1% (as across all screening
rounds).16 23 Moreover, those with previous solely negative scan

results and those with a third negative scan result may not need
to be screened for more than 2.5 years, as the lung cancer detec-
tion rates were <0.7% or 1.1% at most for the fourth round,
respectively. However, in almost 90%of those with solely nega-
tive scan results, the lung cancer was detected in a new nodule.
Although malignant new nodules might be fast growing, detec-
tion at early stage with LDCT seems possible.24

Furthermore, it was showed that having an indeterminate
scan result gives a higher risk for a non-negative scan result and
a higher risk for lung cancer detection in the final round.
However, only a minority of the indeterminate nodules turn out
to be malignant. With the growing evidence, cut-off points of
the nodule management should be evaluated regularly to
further optimise the ratio between benefits (eg, mortality reduc-
tion) and harms (eg, false positive, unnecessary work-up) of the
protocol. Moreover, cancer can evolve from nodules which are
not seen before on the scan (eg, from new nodules). One
explanation could be ‘field cancerisation’, in which it is assumed
that large areas of the bronchial epithelium are affected by
smoking, leading to areas with metaplasia and dysplasia which
sometimes turn out to be cancer and sometimes not. Moreover,
it is known that in heavy smokers nodules appear and disappear
and come up in different pulmonary areas and are not always
malignant.

Although only the NELSON trial used increasing screening
intervals, the NLST showed in a recent retrospective analysis
that participants with a negative baseline result had a lower inci-
dence of lung cancer at baseline as well as a lower lung cancer
detection rate in the subsequent rounds (0.34%) compared with
all screened participants (1.0%).7 Furthermore, the lung cancer
incidence and mortality for those with solely negative screening
results was even lower than for those with a negative baseline
screening. Their findings suggested that for the larger part of

Table 5 Risk calculation for subgroups based on the regular scan results of round 3 alone

Regular round scan results of the fourth screening round

Total group Negative Indeterminate Positive Non-negative result*

Result round 3 n Per cent n Per cent n Per cent n Per cent OR 95% CI p Value

Negative 4925 93.5 4770 96.9 88 1.8 67 1.4 REF† REF† NA
Indeterminate 324 6.2 293 90.4 12 3.7 19 5.9 3.3 2.2 to 4.9 <0.001
Positive 19 0.4 18 94.7 1 5.3 – – 1.7 0.2 to 12.5 0.60
Total 5268 100.0 5081 96.5 101 1.9 86 1.6 – – –

*Non-negative result means an indeterminate or a positive scan result.
†The group with a negative scan result in round 3 was the reference group to calculate the OR (based on logistic regression).

Table 6 Risk to detect lung cancer in round 4 for subgroups based on the regular scan results of round 3 alone

Screen-detected lung cancer in round 4

No screening-detected lung
cancer

Yes, a screening- detected
lung cancer

n Per cent n Per cent OR* 95% CI p Value

Subgroups
Negative 4894/4925 99.4 31/4925 0.6 REF† REF†
Indeterminate 312/324 96.3 12/324 3.7 6.1 3.1 to 11.9 <0.001
Positive 19/19 100 – – NA NA NA

*The risk for detecting lung cancer in the fourth screening round expressed in OR.
†The group with negative scan result in round 3 was the reference group to calculate the OR (based on logistic regression).
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the screened population, it may lead to a better harm–benefit
ratio to offer risk-based incidental screening rounds to partici-
pants with different screening intervals. In the NELSON trial,
end results and cost-effectiveness analyses, and therefore the
harm–benefit ratios of screening scenarios, are yet unknown.
However, the current study concludes that previous screening
history seems to be useful for risk stratification and to refine the
screening protocol for subgroups with different risks for lung
cancer.23 24 28

Major strengths of this study are the large-scale, population-
based randomised study design and its volumetric-based nodule
management, leading to three initial screening outcomes.
However, in this substudy, small numbers of screening-detected
lung cancers were found in the fourth round and some sub-
groups had small numbers of participants. Furthermore, a subse-
lection of screened participants was used: participants should
have been screened in one of the three screening rounds as well
as in the final screening round. Additionally, almost 1500 parti-
cipants were lost to follow-up (no actual addresses) in the
fourth round, since additional informed consent was required to
perform the screening round.16

In conclusion, the screening test result(s) might have major
implications on the total number of scans needed for those who
undergo lung cancer screening. This is useful for the further
optimisation of the harm–benefit ratio of a lung cancer screen-
ing programme.
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