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Introduction

Lung cancer is the leading cause of cancer death in men 
and women [1]. Lung cancer causes more deaths every year 
in men than the next four most common cancers combined, 
including prostate, colorectum, pancreas, and liver cancer. 
Veterans have nearly double the rate of lung cancer compared 
to the general population [2]. The 5-year survival rate for all 
stages of lung cancer combined is only 19 % [3]. Lung cancers 
have poor prognosis because they are usually detected at an 
advanced stage since signs and symptoms do not develop until 
the tumor is large. With the increased use of low dose chest 
computed tomography (CT) for lung cancer screening in high-
risk patients compared to chest x-ray (CXR), there has been a 
significant increase in incidental lung nodules detected [4]. One 

study showed that more than 4.8 million Americans underwent 
at least one CT scan, and 1.57 million nodules were identified in 
2010 [5].

The Fleischner Society has published guidelines for the 
management of incidentally detected lung nodules in 2005 [6], 
subsequently updated for solid, subsolid, and multiple nodules 
in 2013 [7], and most recently, in 2017 for changes in nodule 
size and length of follow up [8]. These recommendations are 
the most frequently cited for management of small pulmonary 
nodules detected by Chest CT scan. Based on the size of the 
nodule and the relevant risk factors of the individual, Fleischner 
society makes recommendations for serial monitoring of 
pulmonary nodules with repeat Chest CT for up to 2 years for 
solid pulmonary nodules and 5 years for subsolid nodules [8]. 
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Abstract 

Background: Lung cancer is the leading cause of cancer death. Chest computed tomography (CT) has resulted in increased detection of incidental 
pulmonary nodules requiring close monitoring. Fleischner Society guidelines have been applied in the management of those pulmonary nodules. 
However, it is unclear whether the guidelines are sufficient in the management of veterans with high lung cancer risks. 

Objectives: To assess whether shorter interval of monitoring is required in veterans with incidental detection of pulmonary nodules. We 
hypothesize that shorter interval of monitoring is needed to detect progression of lung nodules in high-risk veterans than recommended by the 
Fleischner Society. 

Method: In this retrospective study, all Chest CTs labeled Code 1-Tumor between 2012 and 2014 at single Veterans Affairs Medical Center were 
reviewed. A team of Pulmonary and Radiology physicians made decisions for a diagnostic procedure and/or follow up using the Fleischner 
Society guidelines. Clinical data were collected including reasons for imaging, tobacco use, premorbid conditions, type, and number of nodules, 
change in size, and duration of follow up. 

Results: All nodules less than 8 mm were benign. At initial detection, the average size of malignant nodules was significantly greater than that of 
the benign nodules. The rate of lung cancer in veterans with incidental lung nodules was higher (7.7%) than in general population (5.5 %) with 
average follow up of 5.6 months.

Conclusion: The rate of malignancy of incidentally detected pulmonary nodules in veterans is relatively high, and the Fleischner Society 
guidelines are sufficient to monitoring those nodules.  

Keywords: Lung cancer; Pulmonary nodule; Part-solid nodule; Ground glass nodule; Chest computed tomography

Abbreviation: CT: Computed Tomography; CXR: Compared to Chest x-ray; VA: Veterans Affairs; COPD: Chronic Obstructive Pulmonary Disease; 
PET: Positron Emission Tomography
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However, the Fleischner Society made the recommendations 
based on studies performed on non-veterans population. Given 
the higher prevalence of smoking in US veterans compared to 
non-veterans leading to increased risk of lung cancer [9], the 
Fleischner Society recommendations may not be applicable to 
detect progression of lung nodules to malignancy in the veterans 
population. Shorter monitoring interval of incidental pulmonary 
nodules may be needed to detect lung cancer at an early stage 
when there is potential for cure. The purpose of this study is to 
assess the outcomes of incidental pulmonary nodules in a single 
Veterans Affairs (VA) Medical Center based on the Fleischner 
Society guidelines prior to the initiation of lung cancer screening 
at our institution.

Materials and Methods

In view of the reported low adherence to the Fleischner 
Society guidelines among radiologists and pulmonologists 
[10,11], the VA Long Beach Medical Center has an existing 
protocol in which all nodules or masses detected on Chest imaging 
are labeled Code-1 Tumor. Subsequently, a multidisciplinary 
team of Radiologist and Pulmonologist reviews the imaging and 
risk factors as described below. When the nodule is detected 
on a Chest radiograph and patient has high-risk factors, a thin-
cut Chest CT is obtained. This retrospective study evaluated 
Chest CTs labeled Code 1-Tumor from 2012 to 2014. Using the 
Fleischner Society guidelines of 2005 [6] and 2013 [7], the team 

jointly arrived at a consensus decision for a diagnostic procedure 
and/or follow up. Inclusion criteria were patients over 35 years 
old with nodule size of >2mm to 30mm. 

Patients were excluded if they had a known metastatic 
malignancy or active lung cancer. Demographic information 
including age, gender, smoking history, presence of chronic 
obstructive pulmonary disease (COPD), exposure to asbestos, 
family history of lung cancer, and personal distant history of 
malignancy or radiation to chest was collected. Non melanoma 
skin cancers were excluded. Clinical data were collected 
including reason for imaging, type of nodule (ground glass, solid, 
or part-solid), location and size of nodule (≥2-4mm, >4-6mm, 
>6-8mm, >8-30mm), change in size of the lung nodule, number 
of nodules, and duration of follow up. In addition, information on 
nodule management was recorded, including biopsy, resection, 
radiation therapy, and/or chemotherapy. The nodule was 
determined malignant if it was pathologically proven by biopsy 
or resection. 

Statistical Analysis

Quantitative variables were expressed as means ± standard 
deviation. ANOVA and Chi-Square tests were used to determine 
statistical significance when performing comparisons (SPSS 
Software version 18). A P value of <0.05 was deemed statistically 
significant. 

Result
Table 1: Characteristics of subjects with benign and malignant pulmonary nodules.

Characteristic Benign Nodules (%) (n=96) Malignant Nodules (%) (n=8) P

Age (years) 66 ± 8.6 65.7 ± 7.5 NS

Gender  NS

Male 91 (94.8 %) 8 (100.0 %)  

Female 5 (5.2 %) 0 (0.0 %)

Smoking Status  NS

Current 40 (41.7 %) 4 (50.0 %)  

Former 40 (41.7 %) 3 (37.5 %)

Never 16 (16.7%) 1 (12.5 %)

Tobacco (pack-years) 39.9 ± 37.6 48.5 ± 37.1 NS

Premorbid conditions  NS

COPD 38 (45.8 %) 6 (50.0 %)  

Asbestos exposure 9 (10.8 %) 1 (18.2 %)

Prior malignancy 27 (32.5 %) 1 (18.2 %)

Prior radiation to chest 1 (1.2 %) 0 (0.0 %)

1st degree relative with lung 
cancer

8 (9.6 %) 1 (18.2 %)

Indication for chest imaging  0.07

Respiratory symptoms 32 (33.3 %) 4 (50.0 %)

Non-respiratory symptoms 46 (47.9 %) 1 (12.5 %)

Pre-operative procedure 7 (7.3 %) 0 (0.0 %)

Routine follow up 11 (11.5 %) 3 (37.5 %)
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Values are mean ± SD for Age and Tobacco use. NS = not significant. P<0.05 is statistically significant. Number in parenthesis is percent of total 
number of subjects in each category, except for premorbid conditions, the denominator is the total of premorbid conditions as a subject may 
have none, one, or more premorbid conditions.

One hundred four subjects were included in the study. 
Subjects’ characteristics are outlined in (Table 1). The average 
age of our subjects was 66 (range 47 to 89) years, with the 
majority were males (99/104, 95%). Of the 104 patients, 96 
patients (92.3%) had benign nodules, while 8 (7.7%) had a 
malignant lung nodule. Smoking status was similar in patients 
with benign compared with malignant nodules (41.7% vs. 50% 
current smokers, 41.7% vs. 37.5% former smokers, and 16.7% 
vs. 12.5% never smokers, respectively). The number of pack 
years of tobacco use was similar for those with benign (39.9 
pack-years) and malignant (48.5 pack-years) nodules. There was 
no significant difference in premorbid conditions (risk factors) 
for benign compared with malignant nodules: COPD, asbestos 
exposure, prior distant history of malignancy, prior radiation to 
the chest, or first degree relative with lung cancer. 

The prior malignancies were all extrapulmonary, except 
one patient had a history of lung cancer that was treated with 
surgical resection and chemotherapy 10 years prior to a new 
malignant lung nodule detection. Only one patient with a benign 
nodule had prior radiation to chest, while none in patients 
with malignant nodule. The most common indications for chest 
imaging that led to the detection of pulmonary nodules tended 

to be significantly different for malignant compared with benign 
nodules (P = 0.07, Table 1)). For benign nodules, nodule was 
most commonly detected after imaging was obtained for non-
respiratory symptoms (47.9%), while for malignant nodules, the 
most common reason for obtaining imaging was for respiratory 
symptoms (50.0%). 

Characteristics of the pulmonary nodules are listed in 
(Table 2). Of the 104 nodules detected, 88 (84.6%) were solid, 
12(11.5%) were ground glass, and 4(3.8%) were part solid. Eight 
of the 88 solid nodules (9.1%), and none of the ground glass or 
part-solid nodules were malignant. Lung nodules ranged from 
3 to 28mm in longest diameter. The distribution of nodule size 
was significantly different (P=0.001). All nodules of 8 mm or 
less (n=67) were benign. Of the 37 nodules greater than 8mm, 
8 were malignant (21.6%) and 29 were benign (78.4%). The 
average size of malignant nodules (17.4mm ± 5.8mm (± SD)) was 
significantly greater than that of the benign nodules (8.4mm ± 
5.4mm) (P<0.001). The total number of nodules detected varied. 
For the 96 patients with benign nodules, most patients (n=34 
(35.4%)) had 1 nodule, followed by those with greater than 4 
nodules (n=29 (30.2%)). 

Table 2: Characteristics of pulmonary nodules.

Characteristic Benign Nodules (%) (n=96) Malignant Nodules (%) (n=8) P

Nodule type  NS

Solid 80 (83.3 %) 8 (100 %)  

Ground glass 12 (12.5 %) 0 (0.0 %)

Part-solid 4 (4.2 %) 0 (0.0 %)

Nodule size (mm)  0.001

>2-4 18 (18.8 %) 0 (0.0 %)  

>4-6 32 (33.3 %) 0 (0.0 %)

>6-8 17 (17.7 %) 0 (0.0 %)

>8-30 29 (30.2 %) 8 (100 %)

Overall nodule size (mm) 8.4 ± 5.4 17.4 ± 5.8 <0.001

Number of nodules detected  NS

1 34 (35.4 %) 5 (62.5 %)  

2 19 (19.8 %) 1 (12.5 %)

3 12 (12.5 %) 0 (0.0 %)

4 2 (2.1 %) 1 (12.5 %)

>4 29 (30.2%) 1 (12.5 %)

Location of nodules  NS

Right & Left Upper Lobes 37 (38.5 %) 5 (62.5 %)

Right Middle Lobe 12 (12.5 %) 0

Right & Left Lower Lobes 47 (49.0 %) 3 (37.5 %)
 
Values are mean ± SD for overall nodule size. NS = not significant. P<0.05 is statistically significant. Number in parenthesis is percent of total number 
of subjects in each category. 
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For patients with malignant nodules, 5 of 8 patients (62.5%) 
had solitary nodules, 1 patient had 2 nodules, 1 patient had 4 
nodules, and 1 patient had more than 4 nodules. The distribution 
of benign or malignant nodules in the different lobes was not 
significantly different, although most common location of 
malignant nodules was in the upper lobes (62.5 %) than in the 
lower lobes (37.5%), and none was found in the right middle 
lobe (Table 2). Benign nodules were found mostly in the lower 
lobes (49%) than in the upper lobes (38.5%), or in the right 
middle lobe (12.5%). (Table 3) shows the average duration of 
follow up of various nodule types, and changes in size. The time 
to follow up tended to be significantly different with the shortest 
interval for solid nodules of 16.6 months; and an average of 5.6 
(± 7.2 (± SD)) months for the 8 malignant solid nodules due to 
the prompt workup of suspicious nodules [6]. 

Table 3: Time to follow up and the number of nodule types with or 
without changes in size.

Nodule 
Type

Solid 
n=88

Ground 
glass 
n=12

Part-
solid 
n=4

All types 
n=104 P

 Time to 
follow up 
(months)

16.6 ± 
9.3

23.6 ± 
19.7

23.0 ± 
14.2

17.6 ± 
11.3 0.08

Increased 
size, n 4 (4.5 %) 1 (8.3 %) 1 (25 %) NS

Stable size, 
n

54 (61.3 
%)

4 (33.3 
%) 1 (25 %)

Decreased 
size or 

resolved, n

25 (28.4 
%)

6 (50.0 
%) 2 (50 %)

 Other, n 5 (5.7 %) 1 (8.3 %) 0 (0 %)
Values are mean ± SD. NS = not significant. P<0.05 is statistically 
significant. Number in parenthesis is percent of total nodule type in 
each category. Comparisons are made among solid, ground glass, and 
part-solid nodule types. Time to follow up follows Fleischner Society 
recommendations from the initial nodule detection to confirmed 
diagnosis, or when follow up was deemed no longer necessary. Other: 
change in size does not apply, since immediate workup was initiated, 
and nodule was not monitored over time.

Most solid nodules remained stable (61.3%), 4.5% increased 
in size, and 28.4% decreased in size or resolved. Assessment 
on change in size was impossible in 5.7% of nodules (4 solid 
malignant, 1 benign nodule) due to workup soon after detection. 
Ground glass and part-solid nodules had a longer average time 
to follow up of 23.6 and 23.0 months, respectively. The ground 
glass and part-solid nodules decreased in size or resolved 
more frequently than the solid nodules (50% for both ground 
glass and part-solid nodules). Only one ground glass nodule 
and one part-solid nodule increased in size, but both were 
benign. The remaining of the nodule types were stable in size. 
Regarding nodule evaluation and patients’ outcome, 14 of 96 
patients (14.6%) with benign nodules and all the 8 patients with 
malignant nodules had a positive positron emission tomography 
(PET) scan. 

7 out of 8 patients with a malignant nodule had avid 
fluorodeoxyglucose uptake greater than background activity. 
Only 3 of 96 patients (3.1%) with benign nodules, while 7 of 
8 patients (87.5%) with malignant nodules had a lung biopsy. 
One patient with malignant nodule had lung resection which 
confirmed malignancy. None of the patients with benign nodules 
had surgery for evaluation of lung nodule. For the 8 patients with 
malignant nodules, the most common type of cancer detected 
was adenocarcinoma (n=4), followed by small cell carcinoma 
(n=2), and squamous cell carcinoma (n=1) (Table 4). One patient 
in the “other” category found to have a metastatic lesion from 
primary gastric adenocarcinoma that was not discovered until 
workup for the nodule was initiated. Of the 4 patients with 
adenocarcinoma, 3 patients underwent lobectomy; one patient 
was not a candidate for surgical resection and had stereotactic 
body radiation therapy. 

Table 4: Type of Malignancy.

Nodule histology n 

 Adenocarcinoma 4

Small cell carcinoma 2

Squamous cell carcinoma 1

Other 1

One patient with adenocarcinoma developed metastasis to 
the spine and received chemotherapy and radiation therapy. 
Both patients with small cell carcinoma were nonresectable; and 
were treated with chemo- and radiation therapy. One patient had 
wedge resection and was found at follow up to have squamous 
cell carcinoma, T3N0M0 (Stage IIb) and was treated with chemo- 
and radiation therapy. Of the 8 patients with malignant nodules, 
6 patients had died upon chart review, and lung cancer was the 
cause of death in 4 of these patients or a mortality rate of 50% 
in 2 years.

Discussion 

The primary findings in this study were the high rate of 
lung cancer incidence, the significantly large size of malignant 
compared with benign nodules at the initial detection of lung 
nodules on Chest CT. Applying the alert method of Code-1 
Tumor, team approach, and adherence to the Fleischner Society 
guidelines, we have been able to obtain an expeditious lung 
cancer diagnosis in our veterans presented with incidental lung 
nodules. There are more than 1 million incidental lung nodules 
detected every year in the United States. A recent study reported 
a 5.2% lung cancer rate for nodules 4 to 30mm in size within 
2 years of initial lung nodule detection [5]. In this study, we 
found a high rate of lung cancer in veterans with incidental lung 
nodules (7.7% over an average follow up period of 5.6 months). 
Our follow up followed the 2013 Fleischner Society guidelines 
(published online in 2012) at 3 months for nodule size greater 
than 8mm unless the team recommended aggressive work up 
with immediate biopsy or surgical resection at initial detection. 
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Another study which included the Pan-Canadian Early 
Detection of Lung Cancer Study (PanCan) database, a cohort of 
2537 patients undergoing lung cancer screening, and the British 
Columbia Cancer Agency (BCCA) database, a cohort of 1090 
patients undergoing lung cancer screening, demonstrated a 5.5% 
malignancy rate over a median follow up period of 3.1 years and 
a malignancy rate of 3.7% over a median follow up of 8.6 years, 
respectively [12]. The low rate of lung cancer over relatively 
prolonged period in both the Pan Can and BCCA cohorts was likely 
due to the lung screening nature of the study. This emphasizes 
the importance of lung cancer screening in veterans population. 
Like those studies, we found a high probability of lung cancer 
with nodule size of greater than 8mm. Due to the small sample 
size, we were unable to detect statistically significant differences 
in risk factors for malignancy, including smoking status, COPD, 
asbestos exposure, prior malignancy, and first degree relative 
with lung cancer. As in prior studies, malignant nodules were 
more likely located in the upper lobe. None of the ground glass 
or part solid nodules were malignant. The chart review was 
done 3-5 years after initial nodule detection and none of these 
ground glass or part solid nodules were diagnosed as malignant 
by that time. 

Given the higher rate of lung cancer in the veterans compared 
to the general population, we wanted to evaluate whether the 
Fleischner Society guidelines are sufficient for follow up of 
incidental lung nodules in our veterans. No nodules of 8 mm or 
less were found to be malignant. In fact, the smallest malignant 
nodule was 13mm at initial detection. In view of the size, a 
follow up at and every 3 months with aggressive diagnostic 
work up was performed unless contraindications exist. Given 
our findings, the Fleischner Society guidelines are adequate 
for monitoring of incidental pulmonary nodules in the veterans 
population. In view of the high incidence of lung cancer [13] 
and the high mortality rate within less than 5 years in our study 
population, lung cancer screening in veterans with proper follow 
up is of paramount importance in veterans. Discouragingly, 
recent report in lung cancer screening demonstrated less than 
optimal adherence on subsequent follow up of Chest CTs, 82% 
and 65% at first and second follow up imaging, respectively [14]. 

Only a small minority of patients with benign nodules 
required further evaluation with PET scan or biopsy. Most lung 
cancers diagnosed were adenocarcinoma. The other lung cancers, 
including squamous cell and small cell, were advanced by the 
time of diagnosis, and required multimodality treatment. This 
study is limited as it is a single center, retrospective study with 
a small sample size. Due to the retrospective nature of the study, 
some variables that were utilized for risk-stratifying patients 
were not recorded, such as spiculation of nodules or exposure 
history such as to radon. Furthermore, definitive documentation 
of certain history such as asbestos exposure or radiation to 
the chest were not always available that limits the accuracy of 
the information. In conclusion, our study demonstrates that 

veterans had a relatively high rate of lung cancer of incidental 
pulmonary nodules, all of which were greater than 8 mm, and 
were diagnosed soon after presentation or after a relatively short 
interval of follow up. Based on our small study, the Fleischner 
society guidelines are sufficient to monitor incidentally detected 
lung nodules in the veterans population.  
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