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Abstract 

Background 

The management of sub-solid nodules (SSNs) in lung cancer screening (LCS) is still a topic of debate, 

with no current uniform strategy to deal with these lesions at risk of overdiagnosis and 

overtreatment. 

 

Objective 

The BioMILD LCS trial has implemented a prospective conservative approach for SSNs, managing 

with annual low-dose CT nonsolid nodules (NSNs) and part-solid nodules (PSNs) with a solid 

component <5 mm, regardless of the size of the nonsolid component. The present study aims to 

determine the lung cancer (LC) detection and survival in BioMILD volunteers with SSNs. 

 

Materials and methods 

Eligible participants were 758 out of 4071 (18.6%) BioMILD volunteers without baseline LC and at 

least one SSN detected at the baseline or further LDCT rounds. The outcomes of the study were LC 

detection and long-term survival. 

 

Results 

A total of 844 NSNs and 241 PSNs were included. LC detection was 3.7% (31/844) in NSNs and 7.1% 

(17/241) in PSNs, being significantly greater in prevalent than incident nodules (8.4% vs. 1.3% in 

NSNs; 14.1% vs. 2.1% in PSNs; p-value for both nodule types < 0.01). Most LCs from SSNs were stage 

I (42/48, 87.5%), resectable (47/48, 97.9%), and caused no deaths. The 8-year cumulative survival of 

volunteers with LC derived from SSNs and not derived from SSNs was 93.8% and 74.9%, respectively.  

 

Conclusion 

Conservative management of SSNs in LCS enables timely diagnosis and treatment of LCs arising from 

SSNs while ensuring the resection of more aggressive LCs detected away from SSNs.  

 

 

 

 

 

  



 

Introduction 

Lung cancer screening (LCS) with low-dose computed tomography (LDCT) reduces mortality in heavy 

smokers by enabling early identification of lung cancers (LC) otherwise diagnosed as symptomatic 

advanced disease [1–6]. Nevertheless, LCS might lead to the diagnosis and treatment of lesions that 

would not affect prognosis, thus exposing volunteers to unnecessary risks of intervention, such as 

those related to biopsy procedures or excision [7–10].  

Non-solid nodules (NSNs, also referred to as ground-glass nodules) and part-solid nodules (PSNs), 

collectively referred to as subsolid nodules (SSNs), may contribute to overdiagnosis and 

overtreatment in LCS [7, 11, 12]. Found in approximately 9% of LCS participants [13, 14], SSNs are 

associated with a higher rate of malignancy than solid nodules but, when malignant, tend to 

demonstrate a slower growth rate and lower risk for recurrence or metastatic disease than solid 

tumours [15–17]. This indolent behaviour challenges radiologists and clinicians in determining the 

risk of clinically significant malignancy of SSNs, whose prognostic weight may be overcome by 

competing causes of death, including non-neoplastic comorbidities and extrapulmonary cancer [18, 

19].  

Emerging data from LCS trials indicate that conservative management may be suitable for SSNs. In 

the NELSON trial (NELSON is a Dutch acronym for "Nederlands-Leuvens Longkanker Screenings 

Onderzoek"), only SSNs with a solid component > 500 mm3 at baseline prompted immediate clinical 

referral, while all the other SSNs were followed and deemed worthy of further evaluation if 

increased in size or density [20]. Through this close follow-up strategy, no clinically relevant 

carcinomas were missed during a median follow-up of 95 months [20]. In the Multicentric Italian 

Lung Detection (MILD) trial, Silva et al. demonstrated the safety and efficacy of long-term active 

surveillance for SSNs [21]. The authors found that volunteers with SSNs showed a high risk of 

developing LC elsewhere in the lung, with only a minority of cases arising from SSNs and never 

representing the cause of death [21]. In keeping with these studies, a joint task force with members 

of the European Society of Radiology (ESR) and European Respiratory Society (ERS) recently stated 

that follow-up of persistent SSNs potentially reduces overdiagnosis in LCS [22]. That said, current 

strategies for SSNs are still mainly based on expert opinion, and the best approach for these nodules 

in LCS remains to be determined, pending prospective data.  

The BioMILD trial, an ongoing prospective study evaluating the combined use of plasma miRNA and 

LDCT for improving the efficacy of LCS through individual risk profiling and personalized screening 



intervals (clinicaltrials.gov ID: NCT02247453), has implemented a conservative approach to 

managing SSNs [23]. The present study aimed to detail the LC detection in BioMILD trial volunteers 

with SSNs over a 10-year follow-up period, stratifying SSNs by type, size, and time of appearance. 

The overall survival of the same group of participants was also explored.  

 

Materials and methods 

Study population 

Data for the present analysis were extracted from the BioMILD trial, in which a total of 4119 

volunteers were enrolled at the Istituto Nazionale dei Tumori of Milan from 2013 to 2016 [23]. 

Eligible participants were (i) aged 50-75 years and current heavy smokers of ≥ 30 pack-years or 

former smokers with the same smoking habits who stopped ≤ 10 years ago; (ii) aged 50-75 years and 

current or former smokers of ≥ 20 pack-years with a family history of LC or a prior diagnosis of chronic 

obstructive pulmonary disease (COPD) or pneumonia. The exclusion criteria were the presence of 

neoplasms within the previous 5 years and suspected lung nodules under investigation. The original 

Institutional Review Board approval and written informed consent allowed the use of the study data 

for future research.  

Among the volunteers in the original BioMILD trial, those without baseline LC (i.e. LC cases detected 

within the planned 3/6 months recall from the baseline LDCT scan)  and with at least one SSN, either 

NSN or PSN, detected at baseline or further LDCT rounds, were included in the present study. 

 

LDCT evaluation and SSNs management 

LDCTs underwent prospective double reading by one radiologist (first reading) using computer-aided 

detection (CAD) software (MM Oncology, syngo.via; Siemens Healthcare) and another radiologist 

(second reading) with the aid of the maximum intensity projection (MIP) images. In the case of 

discordant evaluations, consensus was reached through discussion.  

The maximum diameter was recorded for NSNs measuring > 5 mm. All the NSNs were followed with 

annual LDCT. PSNs were managed according to the maximum diameter of the solid component. In  

particular, PSNs with a solid component < 5 mm were followed with annual LDCT, regardless of the 

size of the nonsolid component; PSNs with a solid component measuring ≥ 5 mm at baseline were 

sent to 3-month interval LDCT and, whenever persistent, assessed by the multidisciplinary team 

(MDT); PSNs with a new or growing solid component measuring ≥ 5 mm were assessed by the MDT 

as follows: calculation of the volume-doubling time of the solid component (threshold less than 400 



days), 18F-fluorodeoxyglucose positron emission tomography (18F-FDG-PET), and CT-guided 

transthoracic biopsy. The MDT was tasked with providing recommendations for treating suspicious 

PSNs. Given the low sensitivity and high positive predictive value of 18F-FDG-PET in distinguishing 

malignant from benign SSNs, a negative 18F-FDG-PET uptake did not necessarily rule out 

intervention, while a positive 18F-FDG-PET outcome, as well as a positive biopsy, prompted surgery. 

Moreover, volunteers with PSNs showing a growing solid component were considered for direct 

surgical referral if a limited resection of the lesion was deemed feasible. A negative work-up led to 

continuous active surveillance by annual LDCT until evidence of solid component growth. 

The time elapsed between the first LDCT that detected SSNs and surgical resection was prospectively 

recorded along with the histology and LC pathological stage. The vital status of the volunteers was 

obtained through the Istituto Nazionale di Statistica (ISTAT, SIATEL 2.0 platform), which provides the 

exact date of death within 3 months of occurrence. Person-years of follow-up were calculated for 

each participant from baseline until the date of death or the date of the last follow-up as of June 

2023. 

 

Study objectives 

The primary outcome was the detection of LC, by means of biopsy or surgery, in SSNs (either NSNs 

or PSNs) detected at baseline (i.e., prevalent nodules) or further LDCT rounds (i.e., incident nodules). 

LC detection was further stratified by nodule size. The maximum diameter of the NSNs was 

retrospectively binarized into two categories, < 10 mm and ≥ 10 mm, in accordance with previous 

evidence suggesting this threshold to stratify NSNs based on malignancy risk [24]. The diameter of 

the solid component of the PSNs was classified as < 5 mm or ≥ 5 mm following the prospective LDCT 

reading. Characteristics of SSNs were referred to at the time of their detection. The secondary 

outcome was 8-year overall survival.  

 

Statistical analysis 

Categorical data were reported as numbers and percentages, whereas continuous data were 

reported as the median and interquartile range (IQR). The chi-square test or Fisher’s exact test was 

used to compare categorical data, and the Mann–Whitney U test was used to compare continuous 

variables. The eight-year detection of LC derived from the SSNs was estimated by cumulative 

incidence curves, and the selected strata were compared by the log-rank test. Eight-year overall 



survival was estimated by Kaplan‒Meier curves and the selected strata were compared by using the 

log-rank test. A p-value < 0.05 was considered as the threshold for the statistical significance. 

The statistical analyses were performed using SAS 9.4 (SAS Institute, Cary, North Carolina).  

 

Results 

Study sample 

A total of 1085 SSNs (844 NSNs and 241 PSNs) were detected in 758 out of 4071 (18.6%) BioMILD 

volunteers without baseline LC. Five hundred eighty-four (77.0%) volunteers had only NSNs, 130 

(17.2%) had only PSNs, and 44 (5.8%) had both types of nodules; the demographic characteristics of 

these subgroups were similar (Table 1). Overall, 52.6% (399/758) of the enrolled volunteers were 

male, the median age at baseline LDCT was 60 years [IQR 56-65], and 79.4% (602/758) were current 

smokers. A total of 4008 LDCT scans (mean number of LDCT scans per participant, 5.3) were 

performed during the study period. Volunteers with only NSNs, with only PSNs, and with both types 

of nodules underwent a mean of 5.2, 5.0, and 7.1 LDCT scans, respectively.  

 

SSNs characteristics 

SSNs were more likely to be incident (558/844, 66.1% NSNs; 142/241, 58.9% PSNs), but the 

differences in location and dimensions between incident and prevalent SSNs were not significant 

(Table S1). Most NSNs measured < 10 mm, while PSNs were almost equally likely to have a < 5 mm 

solid component and a ≥ 5 mm solid component (Table S1). Of the 718 NSNs and 219 PSNs that were 

subjected to at least one follow-up LDCT, 216 (30.1%) and 139 (63.5%) resolved over time, 

respectively (Table 2). Incident nodules resolved more frequently than prevalent nodules for both 

NSNs (34.8% vs. 22.3%, p-value < 0.001) and PSNs (69.8% vs. 54.8%, p-value = 0.0227). As expected, 

the median CT screening duration was longer for prevalent nodules (NSNs, 6.9 years [IQR 3.1-8.1]; 

PSNs, 5.3 years [IQR 2.2-7.5]) than for incident nodules (NSNs, 1.5 years [IQR 1.0-4.4]; PSNs, 3.6 

years [IQR 0.4-5.6]) (p-value < 0.001 for both NSNs and PSNs). 

 

Lung cancer derived from SSNs 

The LC detection was 3.7% (31/844) for NSNs and 7.1% (17/241) for PSNs; in both groups, LC was 

significantly more common for prevalent than for incident nodules (8.4% vs. 1.3% for NSNs, p-value 

< 0.001; 14.4% vs. 2.1% for PSNs, p-value < 0.001). For both NSNs and PSNs, the median interval 

from nodule detection to LC diagnosis was greater for prevalent nodules than for incident nodules 



(NSNs, 4.3 years [IQR 3.7-6.3] vs. 2.4 years [IQR 1.5-5.6], p-value = 0.0422; PSNs, 3.2 years [IQR 2.3-

4.3] vs. 0.4 years [IQR 0.2-2.9], p-value = 0.0588). At the time of LC detection, all the SSNs showed a 

solid component, and the majority were found with a positive 18F-FDG-PET uptake (35 out of 45 who 

underwent 18F-FDG-PET, 78%); the LC diagnosis was made with CT-guided transthoracic biopsy 

(11/48, 23%) or surgery (37/48, 77%), the latter with (29/37, 78%) or without (8/37, 22%) intra-

operative frozen section examination (Table S2). 

Most LCs derived from SSNs were diagnosed at stage I (42/48, 87.5%), irrespective of the nodule 

type (26/31, 83.9% in NSNs; 16/17, 94.1% in PSNs) or time of appearance (79.2% for prevalent vs. 

100% for incident NSNs; p-value = 0.5622; 100% in prevalent vs. 66.7% in incident PSNs; p-value = 

0.1765) (Table 2). Most stage I LCs were diagnosed at stage IA in both NSNs (23/26, 88.5%) and PSNs 

(10/16, 62.5%) (Table S3). No LC deaths were recorded in subjects with LC derived from SSNs, and 

no recurrence of LCs from SSNs was observed during follow-up.   

The eight-year LC detection curves for SSNs stratified by nodule type and solid component size were 

significantly different; specifically, volunteers with prevalent NSNs ≥ 10 mm (Figure 1A) and 

prevalent PSNs with a solid component ≥ 5 mm (Figure 1B)  had higher rates of LC (16.9% and 21.6%, 

respectively) than volunteers with other nodule subcategories (log-rank test p-value < 0.0001). 

No LC was found within 1 year of NSN detection, and only 0.5% (4/844) of the NSNs were diagnosed 

as LC in the second year after detection (1 prevalent NSN ≥ 10 mm, 1 incident NSN < 10 mm, and 2 

incident NSNs ≥ 10 mm) (Figure S1A). Of the 241 PSNs, 2 (0.8%) were diagnosed as cancer within 1 

year after detection (both incident PSNs with a solid component ≥ 5 mm), and 4 (1.6%) within 2 

years after detection (2 prevalent and 2 incident PSNs with a solid component ≥ 5 mm) (Figure S1B). 

LC cases arising from prevalent SSNs were essentially diagnosed over the entire screening period, 

while those derived from incident SSNs were diagnosed from the 4th year onwards (Figure 2). 

 

Lung cancer not derived from SSNs 

Thirty-two out of 80 (40.0%) LCs were not SSNs. These LCs, mostly located in a different lobe than 

SSNs (28/32, 87.5%), were deemed resectable in most cases. However, compared to those derived 

from SSNs, LCs not derived from SSNs were more frequently diagnosed at stages II-IV (50.0% of LCs 

not derived from SSNs vs. 10.4% of LCs derived from SSNs, p-value<0.0001) and were associated 

with relatively lower 5-year survival from LC diagnosis (71.9% vs. 93.8%, p-value = 0.01) (Table 3).  

 

Overall survival 



Thirty-seven out of 758 (4.9%) participants died during a median follow-up period of 8.6 years. The 

8-year cumulative survival in volunteers with LC derived from SSNs and not derived from SSNs was 

93.8% and 74.9%, respectively, with the former being remarkably similar to that of volunteers with 

other cancers (95.7%) or free from malignancies (97.6%) (Log-rank test p-value < 0.01) (Figure 3). 

 

Discussion 

The management of SSNs remains an open question in LCS, and the most effective strategy to 

manage indolent lesions and reduce overdiagnosis and overtreatment has still to be defined. The 

findings of this study support the hypothesis that conservative management of SSNs in LCS is safe 

and effective because it prevents futile resections, enables timely diagnosis and treatment of the 

few invasive LCs arising from SSNs with excellent survival, and, in the meantime, ensures resection 

of the more aggressive LCs detected away from SSNs [20, 21]. Moreover, we provided information 

on the LC risk of SSNs detected in LCS, suggesting that small NSNs may be monitored with a 

prolonged LDCT interval and that an overcautious approach for incident SSNs, which did not exhibit 

more aggressive behaviour than prevalent SSNs, seems unjustified.  

Retrospective analyses of the data from the National Lung Screening Trial (NLST) revealed that SSNs 

classified as Lung-RADS categories 2 and 3 had a malignancy risk of approximately 3% and 13%, 

respectively, according to baseline CT, exceeding those reported in the Lung-RADS 1.1 document 

(i.e., up to 2%) and approaching the rates found in the present cohort [24]. Consistent with our 

findings, the risk of malignancy was greater for PSNs and NSNs > 10 mm [24]. These results indicate 

the potential for safely managing smaller NSNs with an increased screening interval. In fact, in the 

BioMILD trial, only 1 out of 613 (0.2%) incident and prevalent NSNs < 10 mm was resected and 

proven to be cancer within 24 months of detection, suggesting that biennial scanning may be 

considered for these volunteers with no impact on survival while reducing costs and cumulative 

radiation burden. These results echo previous analyses encouraging biennial follow-up for negative 

LDCTs in LCS [25, 26] and provide evidence for further stratification of NSNs within the Lung-RADS 2 

category based on a 10-year active surveillance strategy. 

There are scarce data on the incidence and LC probability of new SSNs in LCS. In the I-ELCAP trial, 

nearly 70% of new SSNs resolved or decreased in size at follow-up, and 3.8% were ultimately 

diagnosed as LC versus 2.9% of those detected at baseline [13, 27]. The NELSON trial reported a 

similar likelihood of resolution yet a higher malignancy rate (i.e., 6%) for new SSNs [28]. According 

to a more recent analysis of SSNs detected via LDCT screening in Korea, 78.9% of new SSNs 



disappeared or decreased in size, while 1.1% were diagnosed as cancer [29]. Of the 700 incident 

SSNs in the BioMILD trial, only 10 were malignant (1.4%), and 243 of the 571 incident SSNs that 

underwent follow-up (42%) resolved over time. Moreover, most incident SSNs that were revealed to 

be malignant led to a cancer diagnosis more than 12 months after detection (8/10, 80%), all of which 

were diagnosed with favourable staging. Our findings reveal that the malignancy risk of new SSNs is 

similar to or lower than that reported in previous studies and corroborate the hypothesis that a more 

aggressive follow-up for new than for baseline SSNs seems unwarranted. 

The evidence from the BioMILD trial discourages early aggressive management of SSNs, an approach 

that led to the resection of benign lesions and a greater proportion of noninvasive LCs in the early 

era of LCS (e.g., 5-18% [7, 30–32]), but rather supports a more conservative strategy capable of 

ensuring timely intervention and the avoidance of unnecessary surgery [13, 20, 33]. Indeed, in the 

BioMILD cohort, no SSNs were diagnosed as benign disease or atypical adenomatous hyperplasia, 

and only one case of adenocarcinoma was found at stage 0. This result, along with the lack of 

increased mortality risk related to surveillance, arguably suggests that the early resection of SSNs 

should be considered overtreatment rather than timely diagnosis. Notably, 32 of the 80 LCs (40.0%) 

found in the BioMILD volunteers under surveillance for SSNs arose from lesions other than SSNs, 

most of which were located in the lung parenchyma far from concomitant SSNs. Volunteers with 

these LCs had lower survival than those diagnosed with SSNs, in accordance with previous data [21]. 

Therefore, in these cases, early SSN resection could have potentially hampered the surgical approach 

to treat more aggressive pulmonary lesions, which, instead, was ensured by SSN conservative 

management. 

In the BioMILD trial, the median time interval from detection to LC diagnosis was up to 6 years, and  

LCs from SSNs were encountered over the entire 10-year follow-up period. New SSNs were detected 

up to 9 years after baseline, and there was no clear safety point at which to discontinue screening 

to avoid missing their detection. These findings suggest that SSNs should be followed up until the 

volunteers may benefit from intervention, in line with findings from the literature that favour long-

term monitoring of SSNs to prevent misdiagnosis or missed diagnosis of clinically significant LC [34, 

35]. Since a lower incidence of growth has been suggested for stable SSNs (e.g., after 2 or more years 

of stability [35–38]), further analyses may help optimize SSN management by evaluating individual 

nodule trajectories to personalize LDCT screening intervals [39]. 

The major strengths of the current analysis were the relatively large size of the study population, the 

prospective nodule management, and long-term follow-up. 



The study also suffers from limitations. First, the conservative approach of the BioMILD protocol 

prevented histologic assessment of most SSNs because only suspicious lesions were considered for 

resection. Moreover, the dimensional evaluation of the SSNs was based on the maximal diameter 

rather than the volume or mean diameter, as now recommended by Lung-RADS [40], potentially 

affecting comparisons with the Lung-RADS categories. 

In conclusion, a surveillance strategy has proven to be a safe option for monitoring SSNs in LCS, 

preventing unnecessary treatments without compromising the overall LC stage or survival, while 

ensuring the resection of more aggressive LCs detected away from SSNs. The results also reveal the 

potential for increasing LDCT intervals for volunteers with small NSNs and suggest that incident SSNs 

do not carry a greater risk of LC than prevalent SSNs, as otherwise indicated by current 

recommendations. 

 

Funding 

The BioMILD trial was supported by grants from the Italian Association for Cancer Research (AIRC 

5xmille IG12162, IG18812, IG23244), the Italian Ministry of Health (RF-2021-12373449), the 

National Cancer Institute (EDRN UO1-CA166905), and Gensignia Life Science. The funders had no 

role in designing, conducting and interpreting the study. 

 

 

 

  



References 

1.  De Koning HJ, Van Der Aalst CM, De Jong PA, Scholten ET, Nackaerts K, Heuvelmans MA, 
Lammers J-WJ, Weenink C, Yousaf-Khan U, Horeweg N, Van ’T Westeinde S, Prokop M, Mali WP, 

Mohamed Hoesein FAA, Van Ooijen PMA, Aerts JGJV, Den Bakker MA, Thunnissen E, Verschakelen 
J, Vliegenthart R, Walter JE, Ten Haaf K, Groen HJM, Oudkerk M. Reduced Lung-Cancer Mortality 
with Volume CT Screening in a Randomized Trial. N Engl J Med 2020; 382: 503–513. 

2.  Jonas DE, Reuland DS, Reddy SM, Nagle M, Clark SD, Weber RP, Enyioha C, Malo TL, 
Brenner AT, Armstrong C, Coker-Schwimmer M, Middleton JC, Voisin C, Harris RP. Screening for 
Lung Cancer With Low-Dose Computed Tomography: Updated Evidence Report and Systematic 
Review for the US Preventive Services Task Force. JAMA 2021; 325: 971. 
3.  Bonney A, Malouf R, Marchal C, Manners D, Fong KM, Marshall HM, Irving LB, Manser R. 
Impact of low-dose computed tomography (LDCT) screening on lung cancer-related mortality. 
Cochrane Lung Cancer Group, editor. Cochrane Database of Systematic Reviews [Internet] 2022 
[cited 2024 Feb 6]; 2022Available from: http://doi.wiley.com/10.1002/14651858.CD013829.pub2.  
4.  Passiglia F, Cinquini M, Bertolaccini L, Del Re M, Facchinetti F, Ferrara R, Franchina T, Larici 

AR, Malapelle U, Menis J, Passaro A, Pilotto S, Ramella S, Rossi G, Trisolini R, Novello S. Benefits 
and Harms of Lung Cancer Screening by Chest Computed Tomography: A Systematic Review and 
Meta-Analysis. JCO 2021; 39: 2574–2585. 
5.  Field JK, Vulkan D, Davies MPA, Baldwin DR, Brain KE, Devaraj A, Eisen T, Gosney J, Green 
BA, Holemans JA, Kavanagh T, Kerr KM, Ledson M, Lifford KJ, McRonald FE, Nair A, Page RD, 

Parmar MKB, Rassl DM, Rintoul RC, Screaton NJ, Wald NJ, Weller D, Whynes DK, Williamson PR, 
Yadegarfar G, Gabe R, Duffy SW. Lung cancer mortality reduction by LDCT screening: UKLS 
randomised trial results and international meta-analysis. The Lancet Regional Health - Europe 
2021; 10: 100179. 
6.  The National Lung Screening Trial Research Team. Reduced Lung-Cancer Mortality with 

Low-Dose Computed Tomographic Screening. N Engl J Med 2011; 365: 395–409. 
7.  Patz EF, Pinsky P, Gatsonis C, Sicks JD, Kramer BS, Tammemägi MC, Chiles C, Black WC, 
Aberle DR. Overdiagnosis in Low-Dose Computed Tomography Screening for Lung Cancer. JAMA 
Intern Med 2014; 174: 269. 
8.  Carter JL, Coletti RJ, Harris RP. Quantifying and monitoring overdiagnosis in cancer 
screening: a systematic review of methods. BMJ 2015; 350: g7773–g7773. 
9.  Callister MEJ, Sasieni P, Robbins HA. Overdiagnosis in lung cancer screening. The Lancet 
Respiratory Medicine 2021; 9: 7–9. 
10.  Lung Cancer Incidence and Mortality with Extended Follow-up in the National Lung 
Screening Trial. Journal of Thoracic Oncology 2019; 14: 1732–1742. 
11.  Ricciardi S, Booton R, Petersen RH, Infante M, Scarci M, Veronesi G, Cardillo G. Managing of 
screening-detected sub-solid nodules—a European perspective. Transl Lung Cancer Res 2021; 10: 
2368–2377. 
12.  Infante M. A conservative approach for subsolid lung nodules: is it safe enough? Eur Respir 
J 2015; 45: 592–595. 

13.  Henschke CI, Yip R, Smith JP, Wolf AS, Flores RM, Liang M, Salvatore MM, Liu Y, Xu DM, 
Yankelevitz DF, for the International Early Lung Cancer Action Program Investigators. CT Screening 
for Lung Cancer: Part-Solid Nodules in Baseline and Annual Repeat Rounds. American Journal of 
Roentgenology 2016; 207: 1176–1184. 
14.  Yip R, Yankelevitz DF, Hu M, et al. Lung Cancer Deaths in the National Lung Screening Trial 
Attributed to Nonsolid Nodules. Radiology. Radiology. 2016;281(2):589-596. 
doi:10.1148/radiol.2016152333. 
15.  McWilliams A, Tammemagi MC, Mayo JR, Roberts H, Liu G, Soghrati K, Yasufuku K, Martel 



S, Laberge F, Gingras M, Atkar-Khattra S, Berg CD, Evans K, Finley R, Yee J, English J, Nasute P, 
Goffin J, Puksa S, Stewart L, Tsai S, Johnston MR, Manos D, Nicholas G, Goss GD, Seely JM, Amjadi 
K, Tremblay A, Burrowes P, MacEachern P, et al. Probability of Cancer in Pulmonary Nodules 
Detected on First Screening CT. N Engl J Med 2013; 369: 910–919. 
16.  Hammer MM, Hatabu H. Subsolid pulmonary nodules: Controversy and perspective. 
European Journal of Radiology Open 2020; 7: 100267. 

17.  Obayashi K, Shimizu K, Nakazawa S, Nagashima T, Yajima T, Kosaka T, Atsumi J, Kawatani N, 
Yazawa T, Kaira K, Mogi A, Kuwano H. The impact of histology and ground-glass opacity 
component on volume doubling time in primary lung cancer. J. Thorac. Dis 2018; 10: 5428–5434. 
18.  Silva M, Picozzi G, Sverzellati N, Anglesio S, Bartolucci M, Cavigli E, Deliperi A, Falchini M, 
Falaschi F, Ghio D, Gollini P, Larici AR, Marchianò AV, Palmucci S, Preda L, Romei C, Tessa C, 
Rampinelli C, Mascalchi M. Low-dose CT for lung cancer screening: position paper from the Italian 
college of thoracic radiology. Radiol med 2022; 127: 543–559. 
19.  Schreuder A, Jacobs C, Lessmann N, Broeders MJM, Silva M, Išgum I, De Jong PA, Van Den 
Heuvel MM, Sverzellati N, Prokop M, Pastorino U, Schaefer-Prokop CM, Van Ginneken B. Scan-
based competing death risk model for re-evaluating lung cancer computed tomography screening 
eligibility. Eur Respir J 2022; 59: 2101613. 
20.  Scholten ET, De Jong PA, De Hoop B, Van Klaveren R, Van Amelsvoort-van De Vorst S, 

Oudkerk M, Vliegenthart R, De Koning HJ, Van Der Aalst CM, Vernhout RM, Groen HJM, Lammers 
J-WJ, Van Ginneken B, Jacobs C, Mali WPTM, Horeweg N, Weenink C, Thunnissen E, Prokop M, 
Gietema HA. Towards a close computed tomography monitoring approach for screen detected 
subsolid pulmonary nodules? Eur Respir J 2015; 45: 765–773. 
21.  Silva M, Prokop M, Jacobs C, Capretti G, Sverzellati N, Ciompi F, van Ginneken B, Schaefer-
Prokop CM, Galeone C, Marchianò A, Pastorino U. Long-Term Active Surveillance of Screening 
Detected Subsolid Nodules is a Safe Strategy to Reduce Overtreatment. Journal of Thoracic 
Oncology 2018; 13: 1454–1463. 
22.  Kauczor H-U, Baird A-M, Blum TG, Bonomo L, Bostantzoglou C, Burghuber O, Čepická B, 
Comanescu A, Couraud S, Devaraj A, Jespersen V, Morozov S, Nardi Agmon I, Peled N, Powell P, 
Prosch H, Ravara S, Rawlinson J, Revel M-P, Silva M, Snoeckx A, Van Ginneken B, Van Meerbeeck 
JP, Vardavas C, Von Stackelberg O, Gaga M. ESR/ERS statement paper on lung cancer screening. 

Eur Respir J 2020; 55: 1900506. 
23.  Pastorino U, Boeri M, Sestini S, Sabia F, Milanese G, Silva M, Suatoni P, Verri C, Cantarutti A, 
Sverzellati N, Corrao G, Marchianò A, Sozzi G. Baseline computed tomography screening and blood 
microRNA predict lung cancer risk and define adequate intervals in the BioMILD trial. Annals of 
Oncology 2022; 33: 395–405. 
24.  Hammer MM, Palazzo LL, Kong CY, Hunsaker AR. Cancer Risk in Subsolid Nodules in the 
National Lung Screening Trial. Radiology 2019; 293: 441–448. 
25.  Pastorino U, Rossi M, Rosato V, Marchianò A, Sverzellati N, Morosi C, Fabbri A, Galeone C, 
Negri E, Sozzi G, Pelosi G, La Vecchia C. Annual or biennial CT screening versus observation in 
heavy smokers: 5-year results of the MILD trial. European Journal of Cancer Prevention 2012; 21: 
308–315. 
26.  Silva M, Milanese G, Sestini S, Sabia F, Jacobs C, Van Ginneken B, Prokop M, Schaefer-
Prokop CM, Marchianò A, Sverzellati N, Pastorino U. Lung cancer screening by nodule volume in 
Lung-RADS v1.1: negative baseline CT yields potential for increased screening interval. Eur Radiol 
2021; 31: 1956–1968. 
27.  Yankelevitz DF, Yip R, Smith JP, et al. CT Screening for Lung Cancer: Nonsolid Nodules in 
Baseline and Annual Repeat Rounds. Radiology. 2015;277(2):555-564. 
doi:10.1148/radiol.2015142554. 



28.  Walter JE, Heuvelmans MA, Yousaf-Khan U, Dorrius MD, Thunnissen E, Schermann A, 
Groen HJM, Van Der Aalst CM, Nackaerts K, Vliegenthart R, De Koning HJ, Oudkerk M. New 
Subsolid Pulmonary Nodules in Lung Cancer Screening: The NELSON Trial. Journal of Thoracic 
Oncology 2018; 13: 1410–1414. 
29.  Kim YW, Kwon BS, Lim SY, Lee YJ, Park JS, Cho Y-J, Yoon HI, Lee KW, Lee JH, Chung J-H, Ji E, 
Lee C-T. Lung cancer probability and clinical outcomes of baseline and new subsolid nodules 

detected on low-dose CT screening. Thorax 2021; : thoraxjnl-2020-215107. 
30.  Vazquez M, Carter D, Brambilla E, Gazdar A, Noguchi M, Travis WD, Huang Y, Zhang L, Yip R, 
Yankelevitz DF, Henschke CI. Solitary and multiple resected adenocarcinomas after CT screening 
for lung cancer: Histopathologic features and their prognostic implications. Lung Cancer 2009; 64: 
148–154. 
31.  Flieder DB, Vazquez M, Carter D, Brambilla E, Gazdar A, Noguchi M, Travis WD, Kramer A, 
Yankelevitz DF, Henschke CI. Pathologic Findings of Lung Tumors Diagnosed on Baseline CT 
Screening. American Journal of Surgical Pathology 2006; 30: 606–613. 
32.  Carter D, Vazquez M, Flieder DB, Brambilla E, Gazdar A, Noguchi M, Travis WD, Kramer A, 
Yip R, Yankelevitz DF, Henschke CI. Comparison of pathologic findings of baseline and annual 
repeat cancers diagnosed on CT screening. Lung Cancer 2007; 56: 193–199. 
33.  International Early Lung Cancer Action Program Investigators, Henschke CI, Salvatore M, 

Cham M, Powell CA, DiFabrizio L, Flores R, Kaufman A, Eber C, Yip R, Yankelevitz DF. Baseline and 
annual repeat rounds of screening: implications for optimal regimens of screening. Eur Radiol 
2018; 28: 1085–1094. 
34.  Hammer MM. Risk and Time to Diagnosis of Lung Cancer in Incidental Pulmonary Nodules. 
Journal of Thoracic Imaging. Published online November 27, 2023. doi:10.1111/1759-7714.14845  
35.  Wu L, Gao C, Kong N, Lou X, Xu M. The long-term course of subsolid nodules and predictors 
of interval growth on chest CT: a systematic review and meta-analysis. Eur Radiol 2022; 33: 2075–
2088. 
36.  Cho J, Kim ES, Kim SJ, Lee YJ, Park JS, Cho Y-J, Yoon HI, Lee JH, Lee C-T. Long-Term Follow-
up of Small Pulmonary Ground-Glass Nodules Stable for 3 Years: Implications of the Proper Follow-
up Period and Risk Factors for Subsequent Growth. Journal of Thoracic Oncology 2016; 11: 1453–
1459. 

37.  Lee HW, Jin K-N, Lee J-K, Kim DK, Chung HS, Heo EY, Choi SH. Long-Term Follow-Up of 
Ground-Glass Nodules After 5 Years of Stability. Journal of Thoracic Oncology 2019; 14: 1370–
1377. 
38.  Lee JH, Lim WH, Hong JH, Nam JG, Hwang EJ, Kim H, Goo JM, Park CM. Growth and Clinical 
Impact of 6-mm or Larger Subsolid Nodules after 5 Years of Stability at Chest CT. Radiology 2020; 
295: 448–455. 
39.  Zhang Z, Zhou L, Min X, Li H, Qi Q, Sun C, Sun K, Yang F, Li X. Long-term follow-up of 
persistent pulmonary subsolid nodules: Natural course of pure, heterogeneous, and real part-solid 
ground-glass nodules. Thoracic Cancer 2023; 14: 1059–1070. doi:10.1111/1759-7714.14845 
40.  Christensen J, Prosper AE, Wu CC, Chung J, Lee E, Elicker B, Hunsaker AR, Petranovic M, 
Sandler KL, Stiles B, Mazzone P, Yankelevitz D, Aberle D, Chiles C, Kazerooni E. ACR Lung-RADS 
v2022: Assessment Categories and Management Recommendations. Journal of the American 
College of Radiology 2023; : S1546144023007615. 

 

 

 

 



FIGURE LEGENDS 

 
Figure 1. Eight-year incidence of lung cancer derived from (A) nonsolid nodules and (B) part-solid 
nodules stratified by type, prevalence or incidence, and size. 
 

Figure 2. Timeline of lung cancer diagnosis derived from subsolid nodules following the baseline 
screening round. 
 
Figure 3. Kaplan–Meier survival curves of screened volunteers with subsolid nodules according to 
disease diagnosis. 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

  



Table 1. Characteristics of volunteers with subsolid nodules detected at baseline and further 
screening rounds 

  Total 
758 

Only NSNs 
584 (77.0%) 

Only PSNs 
130 (17.2%) 

NSNs and PSNs 
44 (5.8%) 

P-value 

Sex Female 359 (47.4%) 281 (48.1%) 57 (43.9%) 21 (47.7%) 0.6770 

 Male 399 (52.6%) 303 (51.9%) 73 (56.2%) 23 (52.3%)  

Age < 55 years 152 (20.0%) 122 (20.9%) 23 (17.7%) 7 (15.9%) 0.5881 

 55-64 years 388 (51.2%) 300 (51.4%) 63 (48.5%) 25 (56.8%)  

 ≥ 65 years 218 (28.8%) 162 (27.7%) 44 (33.9%) 12 (27.3%)  

 Median (IQR) 60 (56-65) 60 (56-65) 61 (56-65) 61 (56-65) 0.5432 

Pack-years < 30 48 (6.3%) 37 (6.3%) 8 (6.2%) 3 (6.85) 0.9878 

 ≥ 30 710 (93.7%) 547 (93.7%) 122 (93.9%) 41 (93.2%)  

 Median (IQR) 41 (35-52) 41 (35-52) 42 (35-54) 41.5 (35.5-48.5) 0.6025 

Smoking 
status 

Current 
smokers 

602 (79.4%) 462 (79.1%) 103 (79.2%) 37 (84.1%) 0.7318 

 Former 
smokers 

156 (20.6%) 122 (20.9%) 27 (20.8%) 7 (15.9%)  

BMI 
Median 
(IQR) 

24.6 (22.2-
27.3) 

24.6 (22.3-
27.4) 

24.8 (21.8-
27.3) 

24.4 (22.0-26.3) 0.5619 

CRP 
Median 
(IQR) 

1.4 (0.7-2.7) 1.4 (0.7-2.7) 1.5 (0.8-3.3) 1.9 (0.9-3.1) 0.4468 

Median person-years 8.6 8.6 8.7 9.2  

Total n of LDCT scans 4008 3051 645 312  

Mean LDCT scans per 
participant 

5.3 5.2 5.0 7.1  

 
NSN, nonsolid nodule; PSN, part-solid nodule; IQR, interquartile range; BMI, body mass index; CRP, 
C-reactive protein; LDCT, low-dose computed tomography.  



Table 2. Clinical course of subsolid nodules detected at baseline and further screening rounds 

 Total Prevalent Incident P value 

NSN 844 286 (33.9%) 558 (66.1%)  

Incident lung cancer 
derived from NSNs 

31 (3.7%) 24 (8.4%) 7 (1.3%) <0.0001 

% Stage I 26 (83.9%) 19 (79.2%) 7 (100%) 0.5622 

Interval from NSN 
detection to incident LC 
(years), median, IQR 

4.3 (3.1-5.8) 4.3 (3.7-6.3) 2.4 (1.5-5.6) 0.0422 

LC deaths 0 0 0  

Resolution/NSNs with at 
least one follow-up LDCT 

216/718 (30.1%) 61/273 (22.3%) 155/445 (34.8%) 0.0004 

Duration from first 
detection of nodules to the 
last LDCT scan (years), 
median, IQR 

3.4 (1.1-6.0) 6.9 (3.1-8.1) 1.5 (1.0-4.4) <0.0001 

PSN 241 99 (41.1%) 142 (58.9%)  

Incident lung cancer 
derived from PSNs 

17 (7.1%) 14 (14.1%) 3 (2.1%) 0.0005 

% Stage I 16 (94.1%) 14 (100%) 2 (66.7%) 0.1765 

Interval from PSN detection 
to incident LC (years), 
median, IQR 

2.9 (2.3-3.5) 3.2 (2.3-4.3) 0.4 (0.2-2.9) 0.0588 

LC deaths 0 0 0  

Resolution/PSNs with at 
least one follow-up LDCT 

139/219 (63.5%) 51/93 (54.8%) 88/126 (69.8%) 0.0227 

Duration from first 
detection of nodules to the 
last LDCT scan (years), 
median, IQR 

3.9 (1.2-6.5) 5.3 (2.2-7.5) 3.6 (0.4-5.6) <0.0001 

Incident lung cancer not 
derived from SSNs 

32 18 14  

% Stage I 15 (46.9%) 7 (38.9%) 8 (57.1%)  

LC deaths 6 5 1  



NSN, nonsolid nodule; LC, lung cancer; IQR, interquartile range; PSN, part-solid nodule; LDCT, low-
dose computed tomography; SSN, subsolid nodule 
 
  



Table 3. Clinical outcomes of volunteers diagnosed with incident lung cancer 
 

 
Total 
incident 
lung cancer 

Incident lung cancer 
derived from SSNs 

Incident lung cancer 
not derived from 
SSNs 

P value 

 80 48 32  

% resectability 72 (90.0%) 47 (97.9%) 25 (78.1%) 0.0059 

Stage distribution    0.0003 

Stage 0 2 (2.5%) 1 (2.1%) 1 (3.1%)  

Stage I 57 (71.3%) 42 (87.5%) 15 (46.9%)  

Stage II 9 (11.3%) 2 (4.2%) 7 (21.9%)  

Stage III 8 (10.0%) 3 (6.3%) 5 (15.6%)  

Stage IV 4 (5.0%) 0 4 (12.5%)  

% 5-year survival from LC 
diagnosis 

68 (85.0%) 45 (93.8%) 23 (71.9%) 0.0105 

 
 
SSN, subsolid nodule; LC lung cancer. 
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Figure S1. Timeline of detected lung cancers derived from subsolid lesions following the detection 
of (A) nonsolid nodules and (B) part-solid nodules. 
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Table S1. Characteristics of SSNs detected at the baseline and further screening rounds.  
 

 
Total 
lesions 
1085 

Prevalent 
385 (35.5%) 

Incident 
700 (64.5%) 

P value 

NSN 844 286 (33.9%) 558 (66.1%)  

Diameter < 10 mm 613 (72.6%) 196 (68.5%) 417 (74.7%) 0.0554 

Diameter ≥ 10 mm 231 (27.4%) 90 (31.5%) 141 (25.3%)  

Upper/middle lobe 592 (70.1%) 211 (73.8%) 381 (68.3%) 0.0986 

PSN 241 99 (41.1%) 142 (58.9%)  

Diameter sc < 5 108 (44.8%) 48 (48.5%) 60 (42.3%) 0.3386 

Diameter sc ≥ 5 133 (55.2%) 51 (52.5%) 82 (57.8%)  

Upper/middle lobe 152 (63.1%) 59 (59.6%) 93 (65.5%) 0.3507 

 

NSN, nonsolid nodule; PSN, part-solid nodule; sc, solid component. 
 

 
 

 
 
 
 
 

 
 

 
 
 
 
 

 
 

 
 
 

 
 



 

Table S2. Diagnostic management of lung cancers derived from subsolid nodules. 
 
 

 

*Nodule type refers to the time of detection  
18F-FDG-PET, 18F-fluorodeoxyglucose positron emission tomography 
NSN, nonsolid nodule; PSN, part-solid nodule 
  

 Total Lung cancer from NSNs* Lung cancer from PSNs* 
Lung Cancer 48 31 17 
Solid component at the time of 
lung cancer diagnosis 

48 (100%) 31 (100%) 17 (100%) 

18F-FDG-PET  45 (94%) 28 (90%) 17 (100%) 
18F-FDG-PET positivity 35 (72.9%) 22 (71.0%) 13 (76.5%) 
CT-guided transthoracic biopsy 11 (23%) 7 (23%) 4 (24%) 



 

Table S3. Stages distribution of stage I lung cancers derived from subsolid nodules.  
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 

*No cases of minimally invasive adenocarcinoma (MIA) were detected 
NSN, nonsolid nodule; PSN, part-solid nodule  

 Total Prevalent Incident 

Incident lung cancer 
derived from NSNs 

31  24  7  

% Stage I* 26 (83.9%) 19 (79.2%) 7 (100%) 

IA 23 16 7 

IB 3 3 0 

IC 0 0 0 

    

Incident lung cancer 
derived from PSNs 

17  14 3 

% Stage I* 16 (94.1%) 14 (100%) 2 (66.7%) 

IA 10 9 1 

IB 6 5 1 

IC 0 0 0 

    


