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Introduction

Lung cancer remains a leading cause of cancer-related death 
worldwide (1). Various efforts have been made to contain the 
extent of the disease and an early detection of lung cancer is 
crucial for successful treatment and prolonged survival (2,3). 
Lung cancer screening studies using low-dose computed 
tomography (LDCT) were set up all over the world, to 
assess the feasibility of detecting lung cancer in high-risk 
individuals as early as possible (4-6). The National Lung 
Screening Trial, which is the largest randomized-controlled 

LDCT lung cancer screening trial, reported a relative 
reduction in lung cancer-specific mortality of 15–20% when 
comparing chest X-ray and LDCT screening (7). Currently, 
lung cancer screening by LDCT is widely recommended 
for high-risk individuals by US guidelines (8-15).  
However, there still is an ongoing debate if screening should 
be recommended for high-risk individuals in Europe, and 
further evidence is needed (16). Nevertheless, the vast data 
on (small) pulmonary nodules provided by the lung cancer 
screening trials enable further insights into the clinical 
management of pulmonary nodules and the development of 
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future screening guidelines.
Most LDCT lung cancer screening trials present results 

for baseline and incidence screening rounds separately 
and elaborate reviews of this data were published before 
(4,5,17,18). Although comparing screening rounds provides 
valuable information about a trial’s lung cancer screening 
performance in general, this approach does not appreciate 
the possible differences among nodules firstly detected 
during baseline and incidence screening rounds and is 
heavily influenced by the methodological differences of the 
respective LDCT lung cancer screening trials. For instance, 
a lung cancer screening trial with an aggressive baseline 
screening follow-up strategy may report lower cancer rates 
during incidence screening rounds, than a trial with a less 
aggressive strategy at baseline screening, even though the 
overall lung cancer rate is similar. However, only limited 
evidence concerning the different groups of pulmonary 
nodules identified is provided. Non-calcified pulmonary 
nodules detected at baseline screening consist of a 
combination of nodules that may have been present for years 
and a fewer number of more recently developed nodules. 
Non-calcified pulmonary nodules firstly detected during 
incidence screening may be entirely new (not present on a 
previous screen), not new (missed on a previous screen), or 
below the detection threshold of the respective LDCT lung 
cancer screening trial on the previous screen (hence, these 
are growing nodules). Unfortunately, lung cancer screening 
trials present their data concerning lung cancer rates in 
the various groups of non-calcified pulmonary nodules 
differently and the definitions of incidence nodules vary 
widely (4,5,10,16). The recently released British Thoracic 
Society Guidelines for the Investigation and Management 
of Pulmonary Nodules addresses this issue by stating that 
there is little evidence for the management of new incident 
nodules that appear on follow-up CTs (19). 

This review intends to create a basis for assessing non-
calcified pulmonary nodules detected during lung cancer 
screening in a more clinical relevant manner. The aim is to 
present detection rates of non-calcified pulmonary baseline 
nodules and non-calcified pulmonary incident nodules not 
present on a previous scan (thus new) without clustering 
them together. Furthermore, lung cancer probabilities 
of non-calcified baseline and new non-calcified incident 
pulmonary nodules will be assessed, as well as the lung 
cancer risk for participants with such nodules. As the 
majority of trials do not explicitly state rates concerning 
new non-calcified pulmonary incident nodules, only limited 
evidence is available for this nodule group. This review 

focusses mainly on the following European lung cancer 
screening trials: United Kingdom lung screening (UKLS) 
trial, Italian detection and screening of early lung cancer by 
novel imaging technology and molecular assays (DANTE) 
trial, Danish lung cancer screening trial (DLCST), Dutch-
Belgian lung cancer screening trial (NELSON), Italian 
lung study (ITALUNG), German lung cancer screening 
intervention study (LUSI); American lung cancer screening 
trials: National lung screening study (NLST), early lung 
cancer action project (ELCAP), Mayo CT Screening study 
(Mayo trial), Pittsburg Lung Screening Study (PLuSS); and 
the international early lung cancer action project (IELCAP) 
trial.

Pulmonary nodules in baseline screening rounds 
of LDCT lung cancer screening

Prevalence of non-calcified pulmonary nodules at baseline 
rounds of LDCT lung cancer screening

The prevalence of pulmonary nodules at baseline 
rounds of LDCT lung cancer screening depends on the 
methodology of the respective screening approach, such as 
the CT protocol or the use of an artificial detection limit. 
Additionally, a higher prevalence of certain diseases, such 
as histoplasmosis, may influence the number of detected 
solitary lung nodules (20). Most European and American 
trials with no detection limit (PLuSS and Mayo trial) or 
detection limit of 3 mm or 15 mm3 (NELSON and UKLS) 
reported non-calcified pulmonary nodules in between 
41–51% of baseline participants (Tables 1,2) (21,24,31,32). 
However, the ELCAP and DLCST trial, which both did 
not employ a detection limited, reported lower non-calcified 
pulmonary nodule rates in participants at baseline [23% 
(233/1,000) and 22% (447/2,052) respectively] (23,30). 
These differences could be explained by a plethora of factors, 
such as differences in methodology, patient population, 
infectious disease prevalence, etc. For instance, the 
difference between the Mayo trial [51% (780/1,520) non-
calcified pulmonary nodule baseline prevalence] and ELCAP 
trial [23% (233/1,000) non-calcified pulmonary nodule 
baseline prevalence] has been attributed to differences in 
slice thickness during CT detection (5,30,33). Furthermore, 
the ELCAP trial only reported nodules of participants with 
less than six nodules, possibly reducing the non-calcified 
pulmonary nodule baseline prevalence (30).

Strengthening the case for a higher non-calcified 
pulmonary nodule prevalence at baseline, at least in the 
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European smoker or former smoker population, are the 
recently released results of the UKLS trial’s baseline 
round. This trial shared an analogous methodology 
with the NELSON trial and confirmed a non-calcified 
pulmonary nodule baseline prevalence in 51% of the 
participants for the respective screening setting (21,24). 
Trials with a detection limit of 4 mm or greater (IELCAP, 
NLST, ITALUNG, LUSI) reported a lower non-calcified 
pulmonary nodule rate of between 13–30% at baseline 
(6,26-28). This suggests that a great number of non-
calcified pulmonary nodules at baseline are small pulmonary 
nodules. Of the trials with no or a low detection limit, the 
Mayo trial reported that 39% (307/780) of participants only 
had non-calcified pulmonary nodules smaller than 4 mm 
and the NELSON trial found that 56% (4,861/8,623) of the 
non-calcified pulmonary nodules detected at baseline were 
smaller than 50 mm3 (roughly 4.7 mm) (24,31,33). Within 
the baseline round of the DLCST trial, 66% (371/560) of 

the non-calcified pulmonary nodules were below 5 mm and 
in baseline participants of the ELCAP trial, the largest non-
calcified pulmonary nodule was smaller than 5 mm in 58% 
(136/233) (23,30,34).

Concluding, evidence from trials with no or a low 
detection limit indicates that 22–51% of heavy smokers 
and former heavy smokers have non-calcified pulmonary 
nodules at baseline screening. Of the non-calcified 
pulmonary nodules detected at baseline, possibly up to 56% 
are small pulmonary nodules below 50 mm3 or 5 mm. 

Lung cancer risk of participants with non-calcified 
pulmonary nodules at baseline and lung cancer probability 
of non-calcified pulmonary baseline nodules

Unfortunately, data regarding the overall lung cancer risk 
of participants with baseline nodules is not frequently 
described. Trials rather report how many participants are 

Table 1 Baseline results of selected European low-dose computed tomography lung cancer screening trials

Variables UKLS (21) DANTE (4,22) DLCST (4,23) NELSON (4,24,25) ITALUNG (4,26) LUSI (4,27)

Participants

Received CT screening 1,994 1,276 2,052 7,557 1,406 2,029

Age, mean [SD] 67 [4] 65 [5] 57 [5] 59 [6] 61 [4] 58 [5]

Pack years, mean [SD] NA 47 [25] 36 [13] 42 [19] 43 [18] 36 [18]

Nodule detection limit ≥15 mm3/≥3 mm None reported None reported ≥15 mm3 ≥5 mm ≥5 mm

Participants with lung cancer 42/1,994 (2.1%) 28/1,276 (2.2%) 17/2,052 (0.8%) 70/7,557 (0.9%) 20/1,406 (1.4%) 22/2,029 (1.1%) 

Participants with NCNs 1,015/1,994 
(50.9%)

NA 447/2,052 
(21.8%)

3,816/7,557 
(50.5%)

426/1,406 
(30.3%)

540/2,029 
(26.6%)

% with lung cancer 42/1,015 (4.1%) NA 17/447 (3.8%) 70/3,816 (1.8%) 20/426 (4.7%) 22/540 (4.1%)

% of NCNs being lung cancer NA NA 17/560 (3.0%) 74/8,623 (0.9%) 21/639 (3.3%) NA

Lung cancer

Stage I 28/42 (66.7%) 16/28 (57.1%) 9/17 (53.0%) 48/74 (64.9%) 10/21 (47.6%) 18/22 (81.8%)

Histology

Adenocarcinoma† 25/42 (59.5%) 17/28 (60.7%) 12/17 (70.6%) 37/74 (50.0%) 10/21 (47.6%) 15/22 (68.2%)

Squamous-cell carcinoma 12/42 (28.6%) 8/28 (28.6%) 2/17 (11.8%) 15/74 (20.3%) 6/20 (30.0%) 3/22 (13.6%)

Small-cell Lung cancer 3/42 (7.1%) 2/28 (7.1%) 0 1/74 (1.4%) 1/21 (4.7%) 1/22 (4.5%)

Others 2/42 (4.8%) 1/28 (3.6%) 3/17 (17.6%) 21/74 (28.4%) 4/21 (19.0%) 3/22 (13.6%)

†, bronchioloalveolar carcinomas are considered adenocarcinomas. UKLS, United Kingdom lung screening trial; DANTE, detection and 
screening of early lung cancer by novel imaging technology and molecular assays; DLCST, Danish lung cancer screening trial; NELSON, 
Dutch-Belgian lung cancer screening trial; ITALUNG, Italian lung study; LUSI, German lung cancer screening intervention study; SD,  
standard deviation; NCNs, non-calcified pulmonary nodules; NA, not available.
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Table 2 Baseline results of selected American low-dose computed tomography lung cancer screening trials and the IELCAP trial

Variables NLST (28,29) ELCAP (30) IELCAP (6) Mayo† (31) PLuSS† (5,32)

Participants

Received CT screening 26,309 1,000 31,567 1,520 3,642

Age, mean (SD)‡ or median (IQR)§ NA 67 (NA)§ 62 (NA)§ 59 (NA)‡ 59 (NA)‡

Pack years, mean (SD)‡ or median (IQR)§ NA 45 (NA)§ 30 (NA)§ 45 (NA)§ 47 [33–62]§

Nodule detection limit ≥4 mm None reported¶ ≥5 mm None reported None reported

Participants with lung cancer 270/26,309 (1.0%)†† 27/1,000 (2.7%) 405/31,567 (1.3%) 31/1,520 (2.0%) 53/3,642(1.5%)

Participants with NCNs 7,041/26,309 
(26.8%)

233/1,000 
(23.3%)

4,186/31,567 
(13.3%)

780/1,520 
(51.3%)

1,477/3,642 
(40.6%)

% with lung cancer 267/7,041 (3.8%) 27/233 (11.6%) 405/4,186 (9.7%) 31/780 (4.0%) 53/1,477 (3.6%)

% of NCNs being lung cancer NA 27/363 (7.4%) NA 31/1,646 (1.9%) 53/2,497 (2.1%)

Lung cancer

Stage I 155/270 (57.4%) 23/27 (85.2%) 348/405 (85.9%) 22/31 (71.0%) 31/53 (58.5%)

Histology

Adenocarcinoma‡‡ 156/270 (57.8%) 21/27 (77.8%) NA 23/31 (74.2%) NA

Squamous-cell carcinoma 47/270 (17.4%) 1/27 (3.7%) NA 4/31 (12.9%) NA

Small-cell Lung cancer 15/270 (5.6%) 0 NA 2/31 (6.5%) 1/53 (1.9%)

Others 52/270 (19.3%) 5/27 (18.5%) NA 2/31 (6.5%) NA

†, the Mayo and PLuSS trials reported their baseline findings including lung cancers found in baseline nodules during incidence screening 
rounds; ¶, participants with more than 6 NCNs were not reported as having lung nodules; ††, low-dose CT detected lung cancer cases; ‡‡, 
bronchioloalveolar carcinomas are considered adenocarcinomas. NLST, National lung screening study; ELCAP, early lung cancer action 
project; IELCAP, international early lung cancer action project; Mayo, Mayo CT Screening study; PLuSS, Pittsburg Lung Screening Study; 
SD, standard deviation; IQR, interquartile range; NCNs, non-calcified pulmonary nodules; NA, not available.

diagnosed with lung cancer per round, irrespective in which 
round the nodule was found initially. However, information 
about the overall lung cancer risk is crucial, since it 
could directly influence the clinical practice approach of 
incidentally found lung nodules in smokers and provide 
essential information for the development of new guidelines.

The Mayo trial (5-year results) and PluSS trial (3-year 
result) report that 4% (31/780 and 53/1,477 respectively) 
of participants with a non-calcified pulmonary nodule at 
baseline developed cancer in such a nodule within their 
screening program (31,32). Both trials did not employ a 
detection limit. The NELSON trial, which used a 15 mm3 
(roughly 3 mm) detection limit, reported a 2-year lung 
cancer risk of 3% (94/3,189) for Dutch participants with 
baseline nodules (35).

Regarding the probability of a non-calcified pulmonary 
baseline nodule being diagnosed as lung cancer eventually, 

the Mayo trial (5-year results) and PLuSS trial (3-
year results) reported that 2% (31/1,646 and 53/2,497 
respectively) of the non-calcified baseline nodules turned 
out to be lung cancer (31,32).

The other trials included here, only reported the 
baseline detection rate, thus the number of lung cancers 
found in participants at baseline, ranging between 1–3% 
for all participants (6,21,22,24-27,30,34), and 2–11% for 
participants with non-calcified pulmonary baseline nodules 
(6,21,24-27,29,30,34). During baseline screening, the 
probability of a non-calcified pulmonary baseline nodule 
being detected as lung cancer ranged between 1–7.4% 
(23,24,26,35). In particular, the ELCAP and IELCAP trial 
reported very high lung cancer rates [12% (27/233) and 
10% (405/4,186) respectively] for participants with non-
calcified pulmonary nodules during baseline screening 
(6,30). However, as demonstrated previously, these trials 
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also reported a low non-calcified pulmonary nodule 
overall detection rate (6,30). Apparently, the screening 
methodology of these studies enabled an efficient manner of 
recognizing individuals with high-risk pulmonary nodules, 
while potentially not detecting or registering unsuspicious 
nodules.

As mentioned before, the UKLS and NELSON 
trial share a similar screening methodology; however, 
the participant recruiting strategy differed significantly. 
While inclusion in the NELSON trial was mainly based 
on age and smoked pack-years (24,36), the UKLS trial 
used a multivariate conditional logistic regression model 
(including: smoking duration, selected prior respiratory 
diseases, occupational exposure to asbestos, prior diagnosis 
of malignant tumors and early onset family history of lung 
cancer) based on the Liverpool Lung Project (21,37,38). 
The UKLS trial included participants only if their calculated 
5-year lung cancer risk was more or equal to 5% (21).  
This difference in selection methodology resulted in an 
older screening population in the UKLS if compared to the 
NELSON trial (mean age: 67 vs. 59 years) and an increased 
lung cancer baseline detection rate in participants with non-
calcified pulmonary baseline nodules [4.1% (42/1,015) vs. 
1.8% (70/3,816)] (21,24,25). This unique comparison, which 
is made possible due to the similar screening methodology, 
demonstrates the impact of pre-test probability and the 
limited comparability even of methodologically similar lung 
cancer screening trials.

Concluding, the sparse existing evidence from the 
Mayo, PLuSS and NELSON trial indicates that 3–4% of 
heavy smokers or former heavy smokers with non-calcified 
pulmonary nodules at baseline screening will be diagnosed 
with lung cancer in such a nodule within 2–5 years (assuming 
similar epidemiology as in these trials). However, as 
demonstrated through baseline lung cancer detection rates of 
the other mentioned trials, depending on screening protocol 
and disease prevalence within the screened population, 
the number may be significantly higher. The translation 
from lung cancer screening trials to clinical management of 
incidentally detected nodules relies on careful assessment of 
the study population from which the data was generated.

Stage and histology of lung cancers found in non-calcified 
pulmonary baseline nodules

Only the Mayo and PLuSS trial reported data in a way 
enabling assessment of lung cancers found in non-calcified 
pulmonary baseline nodules across all screening rounds. 

Most lung cancers detected in a non-calcified pulmonary 
baseline nodule were stage I [Mayo: 71% (22/31), PLuSS: 
59% (31/53)] (31,32). Only the Mayo trial provided 
information concerning the histology of lung cancer found 
in non-calcified pulmonary baseline nodules during all 
screening rounds. The majority [74% (23/31)] of lung 
cancers were adenocarcinomas, followed by squamous- cell 
carcinomas [13% (4/31)] and small-cell lung cancer [7% 
(2/31)].

The results concerning stage and histology at baseline 
screening are equivocal. The ELCAP trial, IELCAP trial, 
and LUISI trial reported a very high proportion of stage I 
lung cancer at baseline (82–86%) (6,27,30). The other trials, 
including the two largest, randomized controlled trials 
(NLST and NELSON), reported lower numbers regarding 
stage I lung cancers (48–67%) (7,21,22,24,26,27). There 
is no data available about differences in stage or histology 
distribution between non-calcified pulmonary baseline 
nodules identified as lung cancers at baseline compared to 
non-calcified pulmonary baseline nodules identified as lung 
cancers in later rounds. Differences between lung cancers 
found at baseline and incidence rounds, as published for 
instance by the ELCAP trial (39), cannot be used for the 
here performed assessment, since observed variances may 
be due to lung cancers found in newly detected nodules.

Concluding, lung cancers detected in non-calcified 
pulmonary baseline nodules are mostly adenocarcinomas. 
Current evidence suggests that only a small fraction is 
small-cell lung cancer. At baseline, lung cancers are stage I 
in 48–86% of the cases. Data concerning stage distribution 
of lung cancers detected in baseline nodules at subsequent 
rounds is sparse.

New non-calcified pulmonary nodules in 
incidence screening rounds of LDCT lung cancer 
screening

Prevalence of new non-calcified pulmonary nodules in 
incidence rounds of LDCT lung cancer screening

As pointed out by several studies and the recently released 
British Thoracic Society guidelines for the Investigation 
and Management of Pulmonary Nodules, little evidence 
exists concerning pulmonary incident nodules that appear 
after baseline screening and are not visible in retrospect 
(10,19,40). In 2005, the Fleischner society reported, 
citing the Mayo trial, that 10% of screening participants 
develop a new nodule not present in retrospect within a 
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1-year interval, and the PLuSS trial described that 7% 
(256/3,423) of their participants developed a new nodule 
in the same interval (32,33,41). Numbers from the ELCAP 
and IELCAP publications suggest annual new nodule 
rates of 3% (40/1,184) and 5% (1,460/27,456) respectively 
in LDCT lung cancer screening (6,42). In the annual 
screening round of the NELSON trial, 5% (344/7,295) of 
participants developed a new non-calcified solid nodule, 
while a total of 11% (787/7,295) of participants developed a 
new non-calcified solid nodule within the first two incidence 
screening rounds (3 years after baseline) (40). 

The NELSON trial reported that 57% (697/1,222) of 
the newly detected nodules were small pulmonary nodules 
with a volume less than 50 mm3 (roughly 4.7 mm) (40). The 
ELCAP trial reported that in the 30 participants with high-
resolution CT confirmed new non-calcified pulmonary 
incident nodules, the largest nodule had had a diameter less 
than 5 mm in 53% (16/30) of participants (42), and in 37% 
(70/191) of participants with new non-calcified pulmonary 
incident nodules in the Mayo trial, the nodules were smaller 
than 4 mm (33).

Concluding, current evidence suggests that 3–10% of 
LDCT lung cancer screening participants may develop a 
new non-calcified pulmonary incident nodule annually and 
up to 57% of these nodules are pulmonary nodules smaller 
than 50 mm3 or 5 mm.

Lung cancer risk of participants with new non-calcified 
pulmonary incident nodules and lung cancer probability of 
new non-calcified pulmonary incident nodules

The evidence regarding lung cancer probability of new 
non-calcified pulmonary incident nodules is scarce. 
Furthermore, differing methodologies of trials make the 
numbers hardly comparable. 

The NELSON trial recently reported that 6% (49/787) 
of participants with a new non-calcified solid nodule 
developed lung cancer in such a nodule, with 4% (50/1,222) 
of the new non-calcified solid incident nodules proving to 
be lung cancer (40). The ELCAP trial reported that 10% 
(4/40) of participants with new non-calcified pulmonary 
incident nodules on LDCT had lung cancer in a new 
nodule, and the IELCAP reported this was the case for 
5% (74/1,460) of its participants (6,32,42). The Mayo trial 
found a lower rate of 1.6% (3/191) (33). However, the Mayo 
trial reported a substantially higher new nodule rate than 
the other trials (see above) and the clinic where the trial was 
performed is located in an area with a high prevalence of 

histoplasmosis (20). This may explain why the Mayo trial 
found the highest new nodule rate, but the lowest cancer 
rate in new non-calcified pulmonary incident nodules. 
Without providing numbers, the NLST reported that 
detection of new non-calcified pulmonary incident nodules 
in the second incidence screening round was predictive for 
cancer if compared to stable nodules (43).

Concluding, there is only little evidence concerning 
the lung cancer risk of participants with new non-calcified 
pulmonary incident nodules. The two large studies that 
provide data (IELCAP and NELSON trial) show that in 
5–6% of participants with new non-calcified pulmonary 
incident nodules, such a nodule proves to be lung cancer. 
The only available numbers concerning lung cancer 
probability of new (solid) incident nodules come from the 
NELSON trial, where 4% of the new solid non-calcified 
pulmonary incident nodules proved to be lung cancer.

Stage and histology of lung cancers found in new non-
calcified pulmonary incident nodules

The only trial to provide explicit data concerning lung 
cancer stage, as well as histology for new incident nodule 
lung cancer, is the NELSON trial. It was found that 68% 
(34/50) of the new incident nodule lung cancers were 
detected at stage I (40). Of the detected lung cancers 
38% (19/50) were adenocarcinomas, 22% (11/50) were 
squamous-cell carcinoma, and 10% (5/50) were small-
cell lung cancer. The IELCAP trial reported that 86% 
(64/74) of lung cancers in patients with new non-calcified 
pulmonary incident nodules was detected at stage I (6).

Concluding, it appears that thorough LDCT lung cancer 
screening can detect most new nodule lung cancer at an 
early and still treatable stage. There is insufficient data to 
make definite statements about cancer histology of new 
nodule lung cancer detected in incidence screening rounds 
of LDCT lung cancer screening.

Comparing lung cancer probability of small 
pulmonary nodules detected at baseline 
and newly detected during LDCT incidence 
screening

Due to the differences in screening methodology, baseline 
nodules and new incident nodules should not be compared 
across lung cancer screening trials. Valid conclusions can 
only be reached through analysis within one screening 
trial. Furthermore, because only a subgroup of participants 
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develops new incident nodules, trials have to be large 
enough to provide a significant sample size of new nodule 
lung cancers.

The IELCAP trial reported a cancer rate of 10% 
(405/4,186) in participants with baseline nodules and a 
cancer rate of 5% (74/1,460) for participants with new non-
calcified pulmonary incident nodules (6). However, it is 
crucial to note that the screening method for baseline and 
incidence screening deviated significantly. While during 
the baseline screening round only nodules greater or equal 
to 5 mm were registered, there was no detection limit for 
new non-calcified pulmonary incident nodules at incidence 
screening rounds (6). The cancer rate at baseline excluded 
participants who only had nodules smaller than 5 mm, 
which as seen in other trials comprise the largest group 
of nodules, but the cancer rate for new incident nodules 
included them, rendering the numbers incomparable. 

The ongoing NELSON trial did not yet provide the 
cancer rate of nodules detected at baseline for the overall 
screening. A comparison of cancer probability of new non-
calcified pulmonary incident nodules and non-calcified 
pulmonary baseline nodules has to be made indirectly. In 
the baseline screening round of the NELSON trial, 1% 
(70/7,557) of participants were detected with lung cancer 
(24), and within the first three screening rounds, 3% 
(200/7,582) participants had screen-detected lung cancer 
(including 44 cancers detected in new solid non-calcified 
pulmonary incident nodules) (25,40). As mentioned before, 
the 2-year cancer risk of participants detected with baseline 
nodules in the NELSON trial has been reported to be 
3% (94/3,189). The cancer risk of participants detected 
with new solid non-calcified pulmonary incident nodules 
was 6% (49/749). Comparing these numbers, new solid 
non-calcified pulmonary incident nodules appear to have 
a higher lung cancer probability than do non-calcified 
baseline nodules. This is underlined by the fact, that the 
overall cancer risk of participants with a new solid non-
calcified pulmonary incident nodule was similar to the risk 
of participants with a suspicious nodule at baseline that 
required further follow-up (40).

New incident nodules are considered fast-growing and 
some lung cancer screening trials and screening guidelines 
anticipated this by using different cut-off values for baseline 
nodules and new incident nodules (6,44,45). The NELSON 
trial showed that there is a significant difference in the 
lung cancer probability of small pulmonary non-calcified 
nodules already present at baseline and new non-calcified 
pulmonary incident nodules. Within the NELSON trial, 

baseline nodules that were smaller than 100 mm3 (roughly 
5.8 mm) had a lung cancer probability of about 0.5–0.7%, 
which statistically did not differ from participants without 
baseline nodules (35). It was concluded that these nodules 
do not necessitate follow-up. However, this does not apply 
in case of new solid non-calcified pulmonary incident 
nodules, where 3% of participants whose largest new 
nodule was smaller than 100 mm3 (roughly 5.8 mm) were 
eventually diagnosed with lung cancer, with 2% (15/819) 
of new solid non-calcified incident nodules smaller than  
100 mm3 (roughly 5.8 mm) found to be lung cancer (40). 
These findings caused the NELSON investigators to 
propose different cut-off values for the follow-up of baseline 
nodules and new solid non-calcified pulmonary incident 
nodules. Based on the results of the NELSON trial, non-
calcified baseline nodules smaller than 100 mm3 (0.6% lung 
cancer probability) or 5 mm (0.4% lung cancer probability) 
may continue in regular screening, non-calcified baseline 
nodules 100–300 mm3 (2.4% lung cancer probability) or 
5–10 mm (1.3% lung cancer probability) represent an 
indeterminate subgroup requiring follow-up with volume 
doubling time measurement (<600 days necessitates further 
follow-up), and, non-calcified baseline nodules greater than 
300 mm3 (16.9% lung cancer probability) or 10 mm (15.2% 
lung cancer probability) should be referred for immediate 
diagnostic evaluation (35). New non-calcified pulmonary 
incident nodules require a more aggressive follow-up 
strategy and only a new non-calcified solid incident nodule 
smaller than 27 mm3 (0.5% lung cancer probability) or  
3.7 mm (0.6% lung cancer probability) should continue 
regular screening, new non-calcified solid incident nodules 
between 27–206 mm3 (3.1% lung cancer probability) or 
3.7–8.2 mm (3.0% lung cancer probability) represent 
an indeterminate subgroup requiring follow-up and 
volume doubling time measurement, and new non-
calcified pulmonary incident nodules greater or equal 
206 mm3 (16.9% lung cancer probability) or 8.2 mm 
(14.2% lung cancer probability) should be referred for 
immediate diagnostic evaluation (40). This verifies part 
of the LungRads guidelines as provided by the American 
College of Radiologists (44). It has been suggested that the 
findings regarding new nodules may be translated directly 
into routine clinical practice for the respective risk group 
(i.e., smokers or former heavy smokers) outside a screening 
program, if the nodule can be proven to be newly developed 
within 1–2 years (40,46).

The explanat ion for  the di f ferent  lung cancer 
probabilities at smaller sizes of non-calcified baseline and 
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new non-calcified pulmonary incident nodules could be 
the fact that compared to new incident nodules, baseline 
nodules had more time to grow before their first detection. 
Therefore, growing baseline nodules which possess a higher 
lung cancer probability are larger, while even fast growing 
new nodules may still be relatively small at initial detection. 
Furthermore, new non-calcified pulmonary incident 
nodules may be inherently more likely to be cancer than 
non-calcified baseline nodules. Nevertheless, more evidence 
is necessary to expand existing evidence.

Conclusions

Reporting lung cancer screening results per round, without 
providing overall cancer risks of participants detected with 
non-calcified pulmonary nodules at baseline or with new 
non-calcified pulmonary incident nodules at subsequent 
screening rounds, only provides limited information on 
lung cancer probabilities of the respective nodule groups. 
Much evidence is to gain from a more standardized manner 
of reporting, including subgrouping of the detected nodules 
according to the moment of the first detection, such as 
baseline nodule or new incident nodule. This would also 
simplify the translation to the current clinical practice of 
incidentally detected nodules.

Around half of heavy smokers or former heavy smokers 
may present with non-calcified pulmonary nodules at 
baseline screening. Though there only is limited evidence, it 
can be expected that at least 3–4% of these individuals will 
be diagnosed with lung cancer in a non-calcified pulmonary 
baseline nodule within the next 2–5 years. The majority 
of non-calcified pulmonary nodules detected at baseline 
are pulmonary nodules smaller than 50 mm3 or 5 mm and 
possess a low lung cancer probability. 

Furthermore, 3–10% of heavy smokers or former heavy 
smokers develop a new non-calcified pulmonary incident 
nodule annually, and these nodules prove to be lung 
cancer in 5–6% of participants. Internal comparison of the 
NELSON trial provided evidence that new non-calcified 
pulmonary incident nodules possess a greater lung cancer 
probability than baseline nodules at a smaller size. This may 
be due to the reduced time they had to grow before first 
nodule detection, or due to an inherently increased cancer 
probability. Therefore, small pulmonary non-calcified 
nodules detected newly at lung cancer incidence screening 
rounds should be followed up more aggressively than 
small pulmonary non-calcified nodules detected at baseline 
screening. Additionally, for the respective risk population, 

the findings may be extrapolated for the management 
of incidentally detected nodules in routine clinical care, 
outside a screening program.
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