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Abstract

Introduction: In the National Lung Screening Trial (NLST) lung cancer screening trial all cases 

with a 4-mm nodule (micronodule) and no other findings were classified as a negative study. The 

prevalence and malignant potential of micronodules in the NLST is evaluated to understand if this 

classification was appropriate.

Methods and Materials: In the NLST a total of 53,452 participants were enrolled with 26,722 

undergoing low-dose CT screening. To determine whether a micronodule developed into a lung 

cancer, a list from the NLST database of those participants who developed lung cancer and had a 

micronodule recorded was selected. The CT images of this subset were reviewed by experienced, 
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fellowship-trained thoracic radiologists (RM, CC, PB, DA), all of whom participated as readers in 

the NLST.

Results: There were 26,722 participants who underwent CT in the NLST of which 11,326 (42%) 

participants had at least one CT with a micronodule. 5,560 (49%) of these participants had at least 

one positive CT examination of which 409 (3.6%) subsequently were diagnosed with lung cancer. 

Of the 409 lung cancer cases with a micronodule recorded, there were 13 cases in which a 

micronodule developed into a lung cancer. Considering the 13 cases, they represent 1.2 % 

(13/1089) of the lung cancers diagnosed in the CT arm of the NLST and 0.11% (13/11,326) of the 

total micronodule cases, 0.23% (13/5,560) of the micronodule and at least one positive CT 

examination cases, and 3.2% (13/409) of the micronodule cases diagnosed with lung cancer. The 

average size of the nodule at baseline was 3.0 x 2.5 mm (range < 4 x 2) and at the positive CT the 

nodule was 11.1 x 8.6 mm (range 2 x 14); a difference of average change in size of 8.1 x 6.1mm. 

The average number of days from first CT with a micronodule recorded to positive CT was 459 

days (range 338 - 723), the mean time from first CT with micronodule to lung cancer diagnosis 

was 617 days (range 380 - 1140) and the mean time from positive CT to lung cancer diagnosis was 

160 days (range 18 – 417). Histologically, there was one small cell carcinoma and 12 non-small 

cell with stages of IA in 8 (62%), Stage IB in 2 (15%) and 1 each Stage IIIA, IIIB, and IV. The 

overall survival of non-small cell lung cancer cases with a micronodule was not significantly 

different than the survival of the CT subset diagnosed with NSCL (p = 0.36).

Conclusion: Micronodules are common among lung cancer screened participants and are 

capable of developing into lung cancer; however, following micronodules by annual CT screening 

surveillance is appropriate and does not impact overall survival or outcome.
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Introduction:

Imaging of the lungs has been dramatically improved with multidetector CT technology that 

allows thin section collimation. While these advances have significantly improved detection 

and characterization of pulmonary diseases, the improvements have not been without 

challenges. For instance, small (< 4 mm) non-calcified nodules, referred to as micronodules, 

are now often seen on CT examinations and usually cannot be characterized as benign or 

malignant.1,2 There is little scientific data regarding the expected evolution or outcome of a 

micronodule, and thus the increased detection and reporting of micronodule has led to 

consternation among many radiologists and their clinical colleagues in regards to the 

appropriate management.3,4 Clinical management of patients with small pulmonary nodules 

varies and depends on numerous factors including the risk of malignancy and, to some 

extent, the preferences of the patient and the referring physician.3,5 The adaptation of 

Fleischner criteria in 2005 for managing nodules aided in management of nodules detected 

in the general population 6. The threshold of intervention was based on a nodule larger than 

4 mm. These criteria were revised in 2017 raising the threshold of intervention to a 6 mm 

nodule. 7
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At the time of development of lung cancer screening trials, opinions were varied in regards 

to the potential malignant nature of micronodules, and therefore management 

recommendations were mostly empirical.8 The National Lung Screening Trial (NLST) was a 

large randomized controlled trial of low dose CT in which all nodules less than 4-mm in 

maximum diameter were recorded as a micronodule and in the absence of other significant 

findings, the study was classified as negative study for lung cancer. Any non-calcified 

nodule 4 mm or larger was considered a positive screen. Secondary analysis of NLST data 

determined that nodules less than 4 mm in maximum diameter occurred in 20% (15,131 of 

75,126) of CT screens, and a diagnosis of lung cancer was made within one year in 13 cases 

(0.09%). Nodules equal to 4 mm occurred in 3.7% (2,765/75,126) of CT screens, and a 

diagnosis of lung cancer was made within one year in 6 cases (0.22%). However, this 

analysis was based on the imaging reports, not from review of the images, and thus it could 

not be determined if the micronodule itself represented the lung cancer or was simply an 

incidental finding.9 Another analysis of the NLST data indicated that using a size threshold 

of 6.0 mm for a positive study would result in a decrease in false positive studies by 34% 

with only a delay in lung cancer diagnosis in 0.9%.10 A recent publication of the NLST data 

suggest that the screening interval of a negative baseline screening CT could be longer than 

an annual CT without impacting the cancer rates. 11 However, because only a small number 

of negative CTs in the NLST included those with a micronodule, it is not known if longer 

interval for cases with a micronodule would be safe.

While these recent analyses of the NLST data support the safety of raising the size threshold 

for a positive screen, there has not been an analysis of the NLST data to assess the malignant 

potential of micronodules in the lung cancer screening population. To better understand this 

issue, we reviewed the CT images and clinical data of all participants in the NLST in whom 

a micronodule and lung cancer diagnosis was recorded.

Methods and Materials:

The NLST enrolled participants who were between 55 and 74 years of age who had a 

minimum 30 pack year smoking history and if former smokers, had quit within the last 15 

years. All participating institutions had IRB approval. A total of 53,452 participants were 

enrolled with 26,722 randomly assigned to low-dose CT screening; CT examinations were 

performed according to the NLST standardized protocol. 12 A CT screen in which a 

pulmonary nodule 4 mm or larger in maximum diameter with no benign characteristics was 

recorded as a positive study whereas a CT screen with the largest pulmonary nodule < 4mm 

in maximum diameter was recorded as a negative study. Only the presence of the 

micronodule was notated on the case report form; the specific lung lobe location was not 

recorded.

To determine the prevalence of micronodules in the NLST, the NLST database was searched 

for all CT examinations in which a micronodule was recorded. To determine whether a 

micronodule developed into a lung cancer, a list from the database of those participants who 

developed lung cancer and had a micronodule recorded was selected. In order to assess the 

evolution and outcome of a micronodule, only those participants with follow-up CT 

examinations were utilized, which limited our review to the T0 and T1 CT examinations 
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(micronodule recorded at T0 with lung cancer diagnosis at T1/T2 or micronodule at T1 with 

lung cancer diagnosis at T2; if there were discrepant recordings of a micronodule 

(micronodule at T0, but not at T1 and cancer at T2, for example) then those cases were 

excluded. The CT images of this subset were reviewed by experienced, fellowship-trained 

thoracic radiologists (RM, CC, PB, DA), all of whom participated as readers in the NLST.

From the NLST database, the first CT in which a micronodule was recorded was reviewed to 

confirm the presence of the micronodule and to record its lobar location. As in the NLST, 

nodules were measured in two dimensions using electronic calipers; sizes were recorded 

from axial images using the longest diameter and the longest perpendicular diameter. This 

CT (positive micronodule, but NLST negative study) was compared with the follow up CT 

(NLST positive studies) to determine if the location of the diagnosed lung cancer was in the 

same lobe as the micronodule. If the micronodule was located in the same lobe, then a 

determination as to whether the lung cancer arose from the micronodule or not was done by 

consensus of two readers. This consisted on comparison of the images using anatomical 

landmarks such as pulmonary vessels and airways of the lobe in which lung cancer was 

diagnosed. Only those cases in which it was readily apparent that the micronodule developed 

into a lung cancer were used for this analysis; if there was any uncertainty, the case was not 

used. Those cases in which the lung cancer was determined to arise from the micronodule 

were used for nodule characteristics, clinical analysis and outcomes.

Statistical Analysis:

The analysis addressed two primary questions, first which factors were associated with the 

occurrence of a micronodule and subsequent lung cancer and second whether time to lung 

cancer death differed between participants with a micronodule that developed into lung 

cancer and participants with all other lung cancers. Multivariable logistic regression model 

was used to investigate factors associated with the presence of micronodules and the 

association of micronodule presence to lung cancer. The model included variables for 

participant demographics, smoking history, and geographic region. Multivariable Cox 

regression was used to compare time to lung cancer death between participants with 

micronodules that developed into non-small cell lung cancer and all others with non-small 

cell lung cancer. The model included variables for age, gender, tumor size by pathology, 

cancer type, cancer stage, and indicator of micronodule that developed into lung cancer and 

was stratified by stage at diagnosis. Nominal p-values are reported without adjustment for 

multiplicity of inferences and with 0.05 as the threshold for nominal significance. 

Computations were performed using SAS/STAT version 9.4 (SAS Institute Inc., Cary, NC, 

USA).

Results:

There were 26,722 participants who underwent CT in the NLST which constitutes our 

database.
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Prevalence of micronodules: Table 1

Overall, there were 11,326 of 26,722 (42%) participants who had at least one CT 

examination in which a micronodule was recorded. Of these, 5,560 (49%) had at least one 

positive CT screen, while the other 5,766 (51%) never had a positive CT screen. 

Additionally, of those with a micronodule, there were 409 of 11,326 (3.6%) participants 

subsequently diagnosed with lung cancer.

There were 15,396 (58%) participants who did not have a micronodule recorded. Of this 

group, 4,600 (30%) had at least one positive CT scan, and 10,796 (70%) never had a positive 

CT. Of those without a micronodule, there were 680 (4.4%) diagnosed with lung cancer.

Factors associated with micronodule occurrence: Table 2

In multivariable regression analysis participant age, gender, education, smoking status 

(current/former), race and geographic region were associated with the occurrence of 

micronodules (Table 2). In particular, micronodules were more likely to occur in women 

than men (OR=1.35, 95% CI: (1.29, 1.43), in older vs younger participants, and in 

participants with more years of education vs fewer. Micronodules were also more likely to 

occur in African Americans vs white participants (OR=1.120, 95% CI (1.06, 1.35)) and less 

likely in Asian vs white participants (OR= 0.831, 95% CI: (0.698, 0.989). Micronodules 

were more likely to occur in current vs former smokers (OR=1.06, 95% CI: (1.01, 1.12) and 

in participants from the West/Mid-West vs Northeast or South (OR=1.72, 95% CI: (1.63, 

1.81).

Micronodules and lung cancer:

In multivariable logistic regression analysis controlling for geographic region, participants 

with a micronodule reported on the CT scans were less likely to develop lung cancer 

(OR=0.81, 95% CI(0.72, 0.93). There was no difference in the frequency of lung cancer 

diagnosis between those with only a micronodule compared to those with a micronodule and 

another nodule with benign calcification.

Lung Cancer Cases: Table 3

Of the 409 lung cancer cases with a micronodule recorded, 126 cases had follow-up CT 

examinations for assessment. The remaining 283 cases did not have sufficient follow-up CT 

examinations (lung cancer diagnosed at the first NLST CT (n=51), lung cancer diagnosed at 

same time micronodule recorded (17), discrepant recording of micronodule (n = 22), 

micronodule recorded at T2 (n = 20), lung cancer diagnosed after CT screenings ended (n = 

173). Of the 126 cases, 54 with a micronodule recorded at T0 had lung cancer diagnosed at 

T1 and 72 with a micronodule at T1 had lung cancer diagnosed at T2.

Of the 126 cases there were 15 cases in which the recorded micronodule developed into a 

larger nodule considered to represent the lung cancer [Images 1, 2, 3]. When the readers 

evaluated the cases, there were two cases in which the readers agreed the recorded 

micronodule was > 4mm and thus would not be considered a micronodule. Therefore for our 

calculations, we have included only those 13 cases whereby the readers agreed there was a 

micronodule that developed into a lung cancer (Image 1). Of note, there is no impact in the 
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overall outcome by excluding the 2 cases. These 13 cases represent 1.2 % (13/1089) of the 

lung cancers diagnosed in the CT arm of the NLST and 0.11% (13/11,326) of the total 

micronodule cases, 0.23% (13/5,560) of the micronodule and at least one positive CT 

examination cases, and 3.2% (13/409) of the micronodule cases diagnosed with lung cancer.

In regards to the characteristics of the 13 micronodules, the average size at baseline was 3.0 

x 2.5 mm (range < 4 x 2 mm) and at the time of the positive CT screen the nodule was 11.1 

x 8.6 mm (range 2 x 14 mm). This results in a difference of average change in size of 8.1 x 

6.1 mm. In regards to texture of the nodule, 11 were solid, one part-solid and one ground 

glass.

The average number of days from first CT with a micronodule recorded to positive CT of the 

13 cases was 459 days (range 338 - 723), the mean time from first CT with micronodule to 

lung cancer diagnosis was 617 days (range 380 - 1140) and the mean time from positive CT 

screen to lung cancer diagnosis was 160 days (range 18 – 417). One of these 13 cases was a 

small cell carcinoma and the others were non-small cell lung cancer (NSCLC) 

(adenocarcinoma (6); squamous cell carcinoma (2); bronchiolo-alveolar cell carcinoma (1); 

large cell carcinoma (1); adenosquamous cell carcinoma (1); and unclassified (1). The stage 

at surgery was Stage IA in 8 (62%), Stage IB in 2 (15%) and 1 each Stage IIIA, IIIB, and IV. 

The average years of follow-up or death after lung cancer diagnosis in these NSCLC cases 

was 3.6 years (std = 1.6; range 0.14, 5.5 years; the small cell carcinoma follow up was 1.8 

years).

In multivariable Cox regression analysis comparing overall survival of the subset of 

participants with lung cancer arising from a micronodule to all other NLST participants with 

lung cancer, there was not a significant difference in survival (HR= 1.73, CI:(0.54, 5.52), 

p=0.36). Participant gender, age, tumor type, and tumor lesion size, and lung cancer stage 

were included in the regression model as potential confounders.

Discussion:

There has been a significant increase in the detection rate of pulmonary micronodules on 

CT, but unfortunately in the majority of cases the micronodule cannot be further 

characterized as benign or malignant.1,2 It is known that small nodules (< 1-cm) detected on 

thoracic CT and resected with video-assisted thoracoscopic surgery have a relatively high 

likelihood of malignancy (48%-58%), which is even higher in those patients with a pre-

existing malignancy (62%-81%).14,15 In contrast, Midthun et al.16 reported from their 

experience in the Mayo Clinic CT Screening Trial that the likelihood of malignancy was 

0.2% for nodules smaller than 3 mm and 0.9% for nodules 4-7 mm. There is much 

consternation and debate on clinical management of < 4 mm nodules, which varies widely 

depending on multiple factors.3,4 In regards to the lung cancer screening population, there is 

insufficient scientific data regarding the malignant potential of micronodules and the impact 

on the lung screening process. For this reason, we evaluated the malignant potential of the 

micronodules recorded in NLST participants.
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In the NLST, micronodules were very common (42%), and it was also common (49%) for 

participants with micronodules to have at least one CT examination that included a nodule or 

other non-specific finding suspicious for lung cancer. Lung cancer was diagnosed in 3.6% 

(409/11,326) of all participants with micronodules. Thirteen of those lung cancers could be 

identified as arising from a micronodule. Although the 13 cases constitute a small 

percentage (0.11%) of all participants with micronodules reported, they do constitute 1.2% 

of the lung cancers in the CT arm of the NLST. Thus, it is important to recognize the 

malignant potential of micronodules in a lung cancer screening population. Although 

micronodules are below the currently accepted diameter threshold for defining a positive 

screen, it is helpful to record the specific location of a micronodule within the lung (lobe, 

image slice number) to ensure accurate follow up.

The micronodules that were subsequently diagnosed as malignant grew at various rates over 

the approximate one year interval with an average increase in size of 8.6 x 6.1 mm, which is 

essentially an 8 fold increase in volumetric size. The average size of the lung cancer arising 

from a micronodule at diagnosis was approximately 10 mm. The large majority of 

micronodules that developed into a lung cancer were solid at presentation, which may be 

explained by the fact that sub-solid nodules of < 4mm may be easily missed or even 

undetectable on larger slice thicknesses (e.g. 2.5 mm). There were discrepancies in the 

recording of micronodules in the data which may be secondary to the nodule not being 

present due to imaging parameters, lack of detection, or other factors. Unfortunately, in the 

NLST, the location of micronodules was not recorded.

Perhaps most importantly, there was no apparent impact on the patient’s survival compared 

to the overall NLST lung cancer population by observing the micronodule through annual 

screening follow up. While our study thus supports the general practice of classifying 

screening CT scans with one or more micronodules as a negative screening result, we 

believe that the malignant potential of micronodules warrants recording their location on 

screening reports to facilitate tracking on future annual screening CT scans.

The American College of Radiology Lung-RADS™ is a standardized reporting and 

management system for lung cancer screening examinations.17 This document was 

developed by a consensus panel using the most recent data and publications from lung 

cancer screening trials which led to the recommendation that nodules ≤ 6 mm do not require 

active follow up, in part because screening patients are expected to return for annual 

screening. While our study is not designed to assess this recommendation, in part our 

findings support this initiative and indicate annual follow-up of small nodules can be 

performed safely.

A limitation of our study is that, of the 1089 lung cancers in the CT screening arm, 369 were 

diagnosed after CT screening was completed and exclusion of this large group could 

adversely affect our overall patient analysis. In addition, assessments of nodule diameter and 

attenuation are not precise when the nodule diameter approximates the CT slice thickness.
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Conclusion:

Micronodules are common among lung cancer screened participants and the prevalence 

increases with increasing age and with geographic locale. Although micronodules are 

capable of developing into lung cancer, our review did not demonstrate a difference in 

survival of this group compared to the overall NLST lung cancer group. Therefore, 

following micronodules with annual CT screening surveillance is appropriate.

Acknowledgments

Funding:

This research was supported by contracts from the Division of Cancer Prevention, National Cancer Institute (NCI), 
National Institutes of Health, Department of Health and Human Services, and by grants (U01 CA80098 and 
CA79778) to support the American College of Radiology Imaging Network (ACRIN) under a cooperative 
agreement with Cancer Imaging Program, Division of Cancer Treatment and Diagnosis, NCI. The NCI and ACRIN 
were actively involved in the design of the study and collection of data, but the authors had full responsibility for 
the analysis and interpretation of the data, the decision to submit the manuscript for publication, and the writing of 
the manuscript.

DISCLOSURES

Ms. Sicks reports grants from National Cancer Institute, during the conduct of the study.

Dr. Munden reports grants from National Cancer Institute, during the conduct of the study; non-financial support 
from Optellum, outside the submitted work.

Dr. Gatsonis reports grants from National Cancer Institute, during the conduct of the study; personal fees from 
Zionexa/Cyclopharma, personal fees from EBG, outside the submitted work.

Dr. Chiles reports grants from National Cancer Institute, during the conduct of the study.

Dr. Boiselle has nothing to disclose.

Dr. Aberle reports grants from National Cancer Institute, during the conduct of the study.

References:

1. Costello P Spiral CT of the thorax. Seminars in ultrasound, CT, and MR 1994;15:90–106.

2. Kalender WA, Polacin A, Suss C. A comparison of conventional and spiral CT: an experimental 
study on the detection of spherical lesions. J Comput Assist Tomogr 1994;18:167–76. [PubMed: 
8126263] 

3. Jeudy J, White CS, Munden RF, Boiselle PM. Management of small (3-5-mm) pulmonary nodules 
at chest CT: global survey of thoracic radiologists. Radiology 2008;247:847–53. [PubMed: 
18413885] 

4. Munden RF, Hess KR. “Ditzels” on chest CT: survey of members of the Society of Thoracic 
Radiology. AJR Am J Roentgenol 2001;176:1363–9. [PubMed: 11373192] 

5. Prosch H, Strasser G, Oschatz E, Schober E, Schneider B, Mostbeck GH. Management of patients 
with small pulmonary nodules: a survey of radiologists, pulmonologists, and thoracic surgeons. AJR 
Am J Roentgenol 2006;187:143–8. [PubMed: 16794168] 

6. MacMahon H, Austin JH, Gamsu G, et al. Guidelines for management of small pulmonary nodules 
detected on CT scans: a statement from the Fleischner Society. Radiology 2005;237:395–400. 
[PubMed: 16244247] 

7. MacMahon H, Naidich DP, Goo JM, et al. Guidelines for Management of Incidental Pulmonary 
Nodules Detected on CT Images: From the Fleischner Society 2017. Radiology 2017;284:228–43. 
[PubMed: 28240562] 

Munden et al. Page 8

J Thorac Oncol. Author manuscript; available in PMC 2020 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



8. Munden RF, Erasmus JJ, Wahba H, Fineberg NS. Follow-up of small (4 mm or less) incidentally 
detected nodules by computed tomography in oncology patients: a retrospective review. Journal of 
thoracic oncology : official publication of the International Association for the Study of Lung 
Cancer 2010;5:1958–62.

9. Gierada DS, Pinsky P, Nath H, Chiles C, Duan F, Aberle DR. Projected outcomes using different 
nodule sizes to define a positive CT lung cancer screening examination. J Natl Cancer Inst 
2014;106.

10. Yip R, Henschke CI, Yankelevitz DF, Smith JP. CT screening for lung cancer: alternative 
definitions of positive test result based on the national lung screening trial and international early 
lung cancer action program databases. Radiology 2014;273:591–6. [PubMed: 24955929] 

11. Patz EF Jr., Greco E, Gatsonis C, Pinsky P, Kramer BS, Aberle DR. Lung cancer incidence and 
mortality in National Lung Screening Trial participants who underwent low-dose CT prevalence 
screening: a retrospective cohort analysis of a randomised, multicentre, diagnostic screening trial. 
The Lancet Oncology 2016.

12. National Lung Screening Trial Research T, Aberle DR, Adams AM, et al. Reduced lung-cancer 
mortality with low-dose computed tomographic screening. N Engl J Med 2011;365:395–409. 
[PubMed: 21714641] 

13. National Lung Screening Trial Research T, Aberle DR, Adams AM, et al. Baseline characteristics 
of participants in the randomized national lung screening trial. Journal of the National Cancer 
Institute 2010;102:1771–9. [PubMed: 21119104] 

14. Ginsberg MS, Griff SK, Go BD, Yoo HH, Schwartz LH, Panicek DM. Pulmonary nodules resected 
at video-assisted thoracoscopic surgery: etiology in 426 patients. Radiology 1999;213:277–82. 
[PubMed: 10540672] 

15. Munden RF, Pugatch RD, Liptay MJ, Sugarbaker DJ, Le LU. Small pulmonary lesions detected at 
CT: clinical importance. Radiology 1997;202:105–10. [PubMed: 8988198] 

16. Midthun DE. Evaluation of nodules detected by screening for lung cancer with low dose spiral 
computed tomography. Lung Cancer-J Iaslc 2003;41(suppl 2):S40.

17. Lung CT Screening Reporting and Data Systen (Lung-RADS). 2014 (Accessed March 27, 2015, at 
www.acr.org/Quality-Safety/Resources/LungRADS)

Munden et al. Page 9

J Thorac Oncol. Author manuscript; available in PMC 2020 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.acr.org/Quality-Safety/Resources/LungRADS


Figure 1 (A and B): 
Baseline CT demonstrates growth of a micronodule (arrows) in the right upper lobe between 

baseline (A) and one year follow up (B).
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Figure 2 (A and B): 
Baseline CT demonstrates growth of a micronodule (arrows) in the left lower lobe between 

baseline (A) and one year follow up (B).
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Figure 3 (A and B): 
Baseline CT demonstrates growth of a micronodule (arrows) in the left lower lobe adjacent 

to the major fissure between baseline (A) and one year follow up (B).

Munden et al. Page 12

J Thorac Oncol. Author manuscript; available in PMC 2020 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Munden et al. Page 13

Ta
b

le
 1

:

M
N

 p
re

va
le

nc
e,

 p
os

iti
ve

 s
tu

dy
 a

nd
 lu

ng
 c

an
ce

r 
ra

te
 in

 th
e 

N
L

ST

M
ic

ro
no

du
le

 I
de

nt
if

ie
d 

on
 A

t 
L

ea
st

 O
ne

 C
T

 S
cr

ee
n

N
o 

M
ic

ro
no

du
le

s 
Id

en
ti

fi
ed

To
ta

l

A
t 

L
ea

st
 O

ne
 

P
os

it
iv

e 
C

T
 

Sc
re

en
in

g 
E

xa
m

N
ev

er
 P

os
it

iv
e

To
ta

l

A
t 

L
ea

st
 O

ne
 

P
os

it
iv

e 
C

T
 

Sc
re

en
in

g 
E

xa
m

N
ev

er
 P

os
it

iv
e

To
ta

l

A
t 

L
ea

st
 O

ne
 

P
os

it
iv

e 
C

T
 

Sc
re

en
in

g 
E

xa
m

N
ev

er
 P

os
it

iv
e

To
ta

l

N
%

N
%

N
%

N
%

N
%

N
%

N
%

N
%

N
%

L
un

g 
C

an
ce

r
31

9
5.

74
90

1.
56

40
9

3.
61

54
7

11
.8

9
13

3
1.

23
68

0
4.

42
86

6
8.

52
22

3
1.

35
10

89
4.

08

N
o 

L
un

g 
C

an
ce

r
52

41
94

.2
6

56
76

98
.4

4
10

91
7

96
.3

9
40

53
88

.1
1

10
66

3
98

.7
7

14
71

6
95

.5
8

92
94

91
.4

8
16

33
9

98
.6

5
25

63
3

95
.9

2

To
ta

l C
T

 
R

an
do

m
iz

ed
 

P
ar

ti
ci

pa
nt

s
55

60
10

0.
00

57
66

10
0.

00
11

32
6

10
0.

00
46

00
10

0.
00

10
79

6
10

0.
00

15
39

6
10

0.
00

10
16

0
10

0.
00

16
56

2
10

0.
00

26
72

2
10

0.
00

J Thorac Oncol. Author manuscript; available in PMC 2020 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Munden et al. Page 14

Ta
b

le
 2

.

M
ul

tiv
ar

ia
bl

e 
an

al
ys

is
 o

f 
fa

ct
or

s 
as

so
ci

at
ed

 w
ith

 o
cc

ur
re

nc
e 

of
 m

ic
ro

no
du

le

V
ar

ia
bl

e
L

ab
el

O
dd

s 
R

at
io

 E
st

im
at

es

P
-v

al
ue

E
st

im
at

e
95

%
 C

on
fi

de
nc

e 
lim

it
s

G
eo

gr
ap

hi
c 

re
gi

on
M

id
w

es
t/W

es
t v

s.
 N

or
th

ea
st

/S
ou

th
1.

71
9

1.
63

2
1.

81
1

<
.0

00
1

R
ac

e
A

m
er

ic
an

 I
nd

ia
n 

or
 A

la
sk

an
 N

at
iv

e 
vs

 w
hi

te
0.

76
8

0.
49

6
1.

18
8

0.
00

20

A
si

an
 v

s 
w

hi
te

0.
83

1
0.

69
8

0.
98

9

B
la

ck
 o

r 
A

fr
ic

an
-A

m
er

ic
an

 v
s 

w
hi

te
1.

20
9

1.
06

9
1.

36
6

M
or

e 
th

an
 o

ne
 r

ac
e 

vs
 w

hi
te

1.
06

3
0.

84
9

1.
32

9

N
at

iv
e 

H
aw

ai
ia

n 
or

 O
th

er
 P

ac
if

ic
 I

sl
an

de
r 

vs
 w

hi
te

0.
67

2
0.

43
6

1.
03

5

E
th

ni
ci

ty
H

is
pa

ni
c 

or
 L

at
in

o 
vs

 n
on

-H
is

pa
ni

c 
or

 L
at

in
o

0.
88

6
0.

72
2

1.
08

8
0.

24
79

Sm
ok

in
g 

st
at

us
C

ur
re

nt
 v

s.
 F

or
m

er
1.

06
1

1.
00

8
1.

11
6

0.
02

32

Sm
ok

in
g 

hi
st

or
y

30
 to

 <
 4

0 
vs

 >
=

 7
0 

pa
ck

 y
ea

rs
0.

98
3

0.
91

2
1.

06
0

0.
34

54

40
 to

 <
 5

0 
vs

 >
=

 7
0 

pa
ck

 y
ea

rs
0.

95
8

0.
89

1
1.

03
0

50
 to

 <
 6

0 
vs

 >
=

 7
0 

pa
ck

 y
ea

rs
0.

96
9

0.
89

0
1.

05
6

60
 to

 <
 7

0 
vs

 >
=

 7
0 

pa
ck

 y
ea

rs
1.

04
8

0.
95

7
1.

14
7

A
ge

A
ge

 in
 y

ea
rs

 a
t r

an
do

m
iz

at
io

n
1.

01
5

1.
01

0
1.

02
0

<
.0

00
1

G
en

de
r

Fe
m

al
e 

vs
. M

al
e

1.
35

4
1.

28
6

1.
42

6
<

.0
00

1

E
du

ca
ti

on
E

du
ca

tio
n 

in
 y

ea
rs

1.
01

4
1.

00
3

1.
02

5
0.

01
12

J Thorac Oncol. Author manuscript; available in PMC 2020 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Munden et al. Page 15

Ta
b

le
 3

N
od

ul
e 

C
ha

ra
ct

er
is

tic
s

C
as

e
B

as
el

in
e 

(m
m

)
P

os
it

iv
e 

C
T

 (
m

m
)

Te
xt

ur
e

St
ag

e
H

is
to

lo
gy

In
te

rv
al

 D
ay

s

M
ax

im
um

 
D

ia
m

et
er

P
er

pe
nd

ic
ul

ar
 

D
ia

m
et

er
M

ax
im

um
 

di
am

et
er

P
er

pe
nd

ic
ul

ar
 

D
ia

m
et

er
M

N
 C

T
 t

o 
po

si
ti

ve
 C

T
M

N
 C

T
 t

o 
C

A
 

di
ag

no
si

s

P
os

it
iv

e 
C

T
 t

o 
lu

ng
 c

an
ce

r 
di

ag
no

si
s

1
3

2
11

10
So

lid
IA

A
de

no
ca

rc
in

om
a

37
8

43
2

54

2
4

2
13

8
So

lid
IB

L
ar

ge
 C

el
l C

ar
ci

no
m

a
72

3
87

6
15

3

3
3

3
20

14
So

lid
IV

A
de

no
sq

ua
m

ou
s 

C
ar

ci
no

m
a

35
9

45
0

91

4
2

2
13

10
So

lid
IA

U
nc

la
ss

if
ie

d 
C

ar
ci

no
m

a
33

8
38

0
42

5
2

2
6

4
G

G
O

II
IA

A
de

no
ca

rc
in

om
a

37
1

76
3

39
2

6
2

2
7

6
So

lid
IA

A
de

no
ca

rc
in

om
a

38
5

50
8

12
3

7
2

2
6

5
So

lid
IB

A
de

no
ca

rc
in

om
a

38
6

51
2

12
6

8
4

3
12

8
So

lid
IA

Sq
ua

m
ou

s 
C

el
l 

C
ar

ci
no

m
a

50
3

55
0

47

9
4

3
15

8
So

lid
II

IB
Sm

al
l C

el
l C

ar
ci

no
m

a
36

4
40

0
36

10
4

4
9

8
Pa

rt
-s

ol
id

IA
A

de
no

ca
rc

in
om

a
33

0
79

7
46

7

11
2

2
10

9
So

lid
IA

Sq
ua

m
ou

s 
C

el
l 

C
ar

ci
no

m
a

35
9

47
6

11
7

12
4

2
8

8
So

lid
IA

B
ro

nc
hi

ol
o-

al
ve

ol
ar

 
C

ar
ci

no
m

a
72

3
11

40
41

7

13
3

3
15

14
So

lid
IA

A
de

no
ca

rc
in

om
a

72
1

73
9

18

A
ve

ra
ge

3
2.

5
11

.1
8.

6
45

9
61

7
16

0

J Thorac Oncol. Author manuscript; available in PMC 2020 September 01.


	Abstract
	Introduction:
	Methods and Materials:
	Statistical Analysis:

	Results:
	Prevalence of micronodules: Table 1
	Factors associated with micronodule occurrence: Table 2
	Micronodules and lung cancer:
	Lung Cancer Cases: Table 3

	Discussion:
	Conclusion:
	References
	Figure 1 (A and B):
	Figure 2 (A and B):
	Figure 3 (A and B):
	Table 1:
	Table 2.
	Table 3

