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Abstract

-

The aim of this study was to determine the relationship between lobar severity of emphysema and lung cancer using automated lobe |
segmentation and emphysema quantification methods.

This study included 78 patients (74 males and 4 females; mean age of 72 years) with the following conditions: pathologically proven
lung cancer, available chest computed tomographic (CT) scans for lobe segmentation, and quantitative scoring of emphysema. The
relationship between emphysema and lung cancer was analyzed using quantitative emphysema scoring of each pulmonary lobe.

The most common location of cancer was the left upper lobe (LUL) (n=28), followed by the right upper lobe (RUL) (n=27), left lower
lobe (LLL) (h=13), right lower lobe (RLL) (n=9), and right middle lobe (RML) (n=1). Emphysema ratio was the highest in LUL, followed
by that in RUL, LLL, RML, and RLL. Multivariate logistic regression analysis revealed that upper lobes (odds ratio: 1.77; 95%
confidence interval: 1.01-3.11, P=0.048) and lobes with emphysema ratio ranked the 1st or the 2nd (odds ratio: 2.48; 95%
confidence interval: 1.48-4.15, P<0.001) were significantly and independently associated with lung cancer development.

In emphysema patients, lung cancer has a tendency to develop in lobes with more severe emphysema.

Abbreviations: COPD = chronic obstructive pulmonary disease, CT = computed tomography, FEV1 = forced expiratory volume
in 1 second, FVC =forced vital capacity, LLL = left lower lobe, LUL = left upper lobe, RLL = right lower lobe, RML = right middle lobe,

RUL = right upper lobe.
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1. Introduction

Lung cancer is the leading cause of cancer death worldwide. While
cigarette smoking is a major risk factor for lung cancer, other
factors such as family history of lung cancer, prior diagnosis of
malignant tumor, occupational exposure to asbestos, and pre-
existing lung disease such as chronic obstructive pulmonary disease
(COPD) can also increase the risk of lung cancer.’?! As
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emphysema has been considered as a major component of COPD
rather than a separate disease entity, the unique effect of
emphysema on the development of lung cancer has not drawn
much attention. Recently, several studies have reported that visual
identification of emphysema and the severity of emphysema on CT
assessed by visual scoring method are associated with an increased
risk of lung cancer.>*' However, studies to determine the
relationship between quantitatively assessed emphysema and
lung cancer have shown conflicting results!*=®l: Several studies
performed on different lung cancer screening groups failed to show
correlations between quantitative computed tomographic (CT)
measurements of emphysema and lung cancer®™); however, a
recent study on a larger population of National Lung Cancer
Screening Trial (NLST) showed a correlation between quantitative
CT measures of emphysema and lung cancer risk.'®!

In addition, the relationship between lobar severity of
emphysema and lung cancer has not been reported previously.
Therefore, the objective of the present study was to determine the
relationship between the severity of emphysema quantified in
each pulmonary lobe and lung cancer on standard chest CT scan.

2. Methods
2.1. Patients

Our Institutional Ethics Committee approved this study. The
requirement for informed consent from patients was waived
because this was a HIPA A compliant retrospective study. The
initial population consisted of 570 consecutive patients who were
diagnosed with lung cancer in our hospital between July 2012
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CT (n=570)

Diagnosis of lung cancer with preoperative chest

o] Multiple malignant nodules/masses on CT (n=62)

Lung cancer with solitary nodule/mass (n=508)

Pneumothorax (n=8), Pleural effusion (n=92)
Lung/lobe atelectasis (n=56), Obstructive pneumonitis
(n=68), Combined infection (n=19)

Interstitial fibrosis (n=17), Unmeasurable lesion (n=12)

A 4

Poor quality of CT (n=66)

of emphysema (n=170)

Automatic lobe segmentation and quantification

Y

Lobe segmentation failure (n=23)

quantification (n=147)

Successful lobe segmentation and emphysema

Y

Emphysema score=0 (n=30)
Whole-Lung emphysema ratio < 1% (n=39)

A 4

78 Patients with lung cancer with emphysema

Figure 1. Selection of patients.

and June 2014. The diagnosis of lung cancer was made by
histopathologic examinations, clinical evaluations, and findings
on follow-up examinations. Of the 570 patients, only those with
adequate CT images for automated lobe segmentation and
quantitative scoring of emphysema with a single pulmonary
nodule/mass on CT images were included in this study. Exclusion
criteria were inability to identify the primary lesion, presence of a
huge infiltrative mass or multiple masses, a final diagnosis of
metastatic lung cancer, presence of interstitial fibrosis, combined
obstructive pneumonitis or infection, lung collapse, prior lung
resection, and severe deformity of the thorax. Cases with poor-
quality chest CT scans and CTs transferred from outside
hospitals were also excluded due to technical problems in lobe
segmentation and emphysema quantification. As a few isolated
pixels were identified as emphysema in the absence of visually
discernible emphysema in some patients, patients with emphyse-
ma making up <1% of total lung volume were excluded. Finally,
a total of 78 patients were included in this study. The patient

selection process and reasons for exclusion are summarized
in Fig. 1.

2.2. Chest CT examinations

All patients underwent contrast-enhanced chest CT for diagnosis
and clinical staging of lung cancer. Chest CT scans were obtained
using 64-channel multidetector CT scanners (Brilliance-64;
Philips Medical Systems, Best, The Netherlands) during a full-
inspiration breath-hold using the following parameters: detector
configuration of 64x0.625 mm, tube voltage of 120kVp, tube
current of 180 to 200 mAs, pitch of 0.923 or 0.987, and gantry
rotation time of 0.5 seconds. Data reconstruction was performed
in 2mm thick axial images with 1mm of overlapping with a
standard reconstruction kernel. The whole lung parenchyma
(from the lung apex to the diaphragm) was scanned in
craniocaudal direction. The location and size of the nodule
or mass were determined by 1 experienced chest radiologist
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(15 years’ experience) who did not participate in the process of
lobe segmentation or quantification of emphysema.

2.3. Emphysema quantification

All chest CT scans were transferred to a workstation (IntelliSpace
Portal 7.0; Philips Healthcare, Cleveland, OH). Pulmonary-
dedicated software (COPD; Philips Healthcare, Cleveland, OH)
was used for segmentation of both lungs into lobes and
quantification of emphysema. All image analyses were performed
by 1 radiologist who was blinded to the purpose of this study. CT
data were loaded first for the quantification procedure. Results
were displayed in 3 dimensions (3D) in each step. Borders of each
lung, fissures, and central airways were detected automatically.
Tracheobronchial tree up to the subsegmental level was
identified. Next, both lungs were differentiated from the
surrounding chest wall and mediastinal structures. Lobe
segmentation was then performed to allow automated delinea-
tion for each of the 5 pulmonary lobes using automatic lobe
segmentation algorithm (a model-based method). A number of
local fissure surface patches were identified by clustering areas
with similar gray-value gradients. These fissure surface patches
were used to adapt a geometric mesh model for the 5 lobes. Each
lobe was then identified on the basis of the adaptation of the mesh
model. When lobe segmentation was completed, axial, sagittal,
coronal, and volume-rendered images were displayed. A colored
mask was superimposed onto the CT images using different color
for each lobe. By scrolling through the multiplanar images, it was
possible for the operator to evaluate if the automated lobar
segmentation was adequate. The operator’s interaction with the
analysis procedure was minimized as much as possible. However,
in a few cases, lobar limits were corrected with a minor
adjustment for interlobar boundaries in multiplanar images. For
practical purposes, when the correction process took more than §
minutes, lobe segmentation was abandoned. This was considered
as a technical failure. Attenuation of each voxel within segmented
lungs was computed automatically. A lower attenuation
threshold of -950HU on high-resolution CT is known to
correlate best with morphological emphysemal®'; hence, emphy-
sema volume was calculated as the sum of voxels with
attenuation below -950HU. Lung volume, emphysema volume,
and the percent ratio between lung volume and emphysema
volume in the lungs as a whole in each separate lung and in
individual lobes were displayed in the table (Fig. 2). The mean
processing time from lung segmentation to emphysema quantifi-
cation was 101.9+33.7seconds (range, 68-260seconds). The
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percent ratio between lung volume and emphysema volume in
both lungs as a whole and in individual lobes are referred as
“whole-lung emphysema ratio” and “lobar emphysema ratio,”
respectively. We reviewed patients’ demographics and results of
pulmonary function tests [forced expiratory volume in 1second
(FEV1), FEV1/forced vital capacity (FVC)] through medical
records.

2.4. Statistical analysis

Continuous variables (age, pack-years of smoking, emphysema
ratio, etc.) were reported as means and standard deviations.
Categorical variables (sex, lobar location of lung cancer, etc.)
were reported as counts and frequencies. Mann—-Whitney
U test was used to compare whole-lung emphysema ratio
between current smokers and ex-smokers (n=57) versus
never smokers (n=21). We also used Mann—Whitney U test
to compare lobar severity of emphysema between lobes
with lung cancer (n=78) and those without lung cancer
(n=312, 78x4).

Logistic regression analysis was used to define significant
factors associated with the presence of lung cancer. In this
analysis, each individual subject acted as his/her own control
because we compared lobes with lung cancer (cases) to lobes
without lung cancer (controls). Therefore, there were a total of 78
cases and 312 (78x4) controls.

All statistical analyses were performed using SPSS statistical
package (SPSS 11.5; SPSS Inc., Chicago, IL). P values <0.05 were
considered as statistically significant.

3. Results

The subjects consisted of 74 males and 4 females with a mean age
of 72 years (range, 54-835 years). A total of 21 patients were never
smokers and 57 patients were current smokers or ex-smokers. Of
the 78 patients, 63 (80.8%) had nonsmall cell lung cancer and 15
(19.2%) had small cell lung cancer. The mean diameter of lung
cancer was 3.6+ 1.7cm (range, 0.8-7cm).

The mean whole-lung emphysema ratio was 5.4+4.7%
(range, 1-25.9%). The emphysema ratio in smokers and ex-
smokers was significantly higher than that in never smokers (6.4
+5.1% vs 2.8+1.6%, P=0.002). The emphysema ratio was
negatively correlated with the percentage of FEV1 (percentage
FEV1, Pearson coefficient: -0.30, P=0.01) and the ratio of FEV1
to FVC (FEV1/FVC, Pearson coefficient: -0.36, P=0.003)
(Table 1).

LA

Figure 2. Automatic lobe segmentation process and quantification of emphysema per lobe in a 75-year-old man with lung cancer in the right upper lobe (RUL). (A)
An 8 mm sized nodule in RUL (arrow) was confirmed as a squamous cell cancer through wedge resection. (B) Sequential segmentation of airways, lungs, and lobes.
(C) Results of volumetric measurement of emphysema in both lungs, each lung, and each lobe (attenuation threshold of voxels, <-950 HU). Emphysematous voxels

are shown in red.
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Patient demographics (n=78).

Characteristics Distribution/Frequency
Sex

Male 74

Female 4
Lesion size 3.6+1.67cm (1-7cm)
Nonsmall cell: small cell 63:15
Ageiny 72 (54-85)
Smoking status (n)

Never smokers 21

Current smokers/ex-smokers 57

Pack-years of smoking
Percentage FEV1
FEV1/FVC
Whole-lung emphysema ratio”
Current smokers and ex-smokers vs never smokers

455+21.2 (17-100)
67.6+19.8 (21.2-138.8)
62.3+15.4 (34.0-91.2)

54+4.7 (1-25.9)
6.4+51 Vs 2.8+1.6"

FEV1 =forced expiratory volume in 1s; FVC=forced vital capacity.
" The percent ratio between lung volume and emphysema volume in the lungs as a whole.
P=0.002, calculated by Mann—Whitney U test.

The most frequent location of lung cancer was the left upper
lobe (LUL, n=28, 35.9%), followed by the right upper lobe
(RUL,n=27, 34.6%), left lower lobe (LLL, n=13, 16.7%), right
lower lobe (RLL,n=9, 11.5%), and right middle lobe (RML, n=
1, 1.3%). Lung cancer developed more frequently in the upper
lobes than that in the lower/middle lobes (35.3% vs 9.8%, P <
0.001). The lobar emphysema ratio was the highest in the LUL
(7.68%), followed by that in RUL (7.01%), LLL (5.60%), RML
(4.36%), and RLL (4.08). Emphysema impacted the upper lobes
more severely than it did the lower/middle lobes (7.36 +£9.01 vs
4.65+7.03, P<0.001). The mean lobar emphysema ratio of
lobes with lung cancer was higher than that of lobes without
cancer (7.92+10.01% vs 5.21+7.32%, P=0.002) (Table 2).

To assess whether lobar emphysema severity was a predictor of
the location of lung cancer, the 5 lobes were ranked (1st-5th)
according to lobar emphysema ratio in each individual. Of a total
of 78 tumors, 26 developed in lobes ranked the first, 20 developed
in those ranked the 2nd, 18 developed in those ranked the 3rd, §
developed in those ranked the 4th, and 9 developed in lobes
ranked the 5th. Multivariate logistic regression analysis revealed
that the odds of having lung cancer in lobes with the 1st or the
2nd lobar emphysema ratio was 2.48 [95% confidence interval
(95% CI): 1.48-4.15, P<0.001] compared with that in other
lobes (3rd, 4th, or Sth). The odds of developing lung cancer in the
upper lobes was 1.77 (95% CI: 1.01-3.11, P=0.048) compared

Emphysema ratio in each lobe and incidence of lung cancer.

Lobar emphysema No. of lung cancer

Lobe ratio* cases (n=78)
RUL 7.01+8.25 27 (34.6%)
RML 4.36+537 1(1.3%)
RLL 4.09+5.74 9 (11.5%)
LUL 7.69+9.86 28 (35.9%)
LLL 5.61+9.41 13 (16.7%)
Lobes with lung cancer 7.92+10.01"

Lobes without lung cancer 5.21+7.32"

LLL=left lower lobe, LUL=Ieft upper lobe, RLL=right lower lobe, RML=right middle lobe, RUL=
right upper lobe.

*The percent ratio between lung volume and emphysema volume in the individual lobes.

“p= 0.002, calculated by Mann—Whitney U test.

Medicine

Results of multivariate logistic regression analyses of factors that
may affect the presence of lung cancer.

0dds ratio (95% Cl) P
1.37 (0.81-2.31) 0.23

Factors

Right lung vs left lung
Lobar location:

Upper vs lower/middle lobe 1.77 (1.01=3.11) 0.048
Ranking of lobar emphysema ratio:
1st or 2nd vs 3rd, 4th, or 5th 2.48 (1.48-4.15) <0.001

95% Cl = 95% confidence interval.

with that in the lower/middle lobes. There was no significant
difference in the incidence of cancer in the right lung versus the
left lung (Table 3).

4. Discussion

In the era of lung cancer screening with CT, many indeterminate
nodules are being detected on chest CT.'%! Besides the
identification of potentially malignant lung nodules, detection of
emphysema is also increasing because CT allows direct
visualization of lung destruction area.?! Many studies have
been conducted to reveal the effect of emphysema on the
development of lung cancer and their biological
relationship.!'3~'%! Because of the common pathogenic process
of the 2 disease entities and heterogeneous distribution of
emphysema in the lungs, it has been postulated that regional
severity of emphysema may determine the location of lung
cancer. A few studies have shown that regional magnitude of
emphysema is related to the location of lung cancer.l'®!”)
However, in those studies, the severity of emphysema was
measured in a semi-quantitative manner through visual assess-
ment. Although emphysema scoring was done by experienced
thoracic radiologists, visual assessment is subjective. It can be
biased by the presence of lung cancer in CT images.'"®! On the
contrary, automated quantification of emphysema using CT
densitometry is objective. It correlates better with pathologic
severity than visual scoring."’

In the present study, to assess the association between regional
emphysema severity and the location of lung cancer, we
quantitatively measured emphysema in each lobe. In prior
studies with similar study subjects, lungs were divided by
nonanatomical transverse lines according to lung height.[%:16:17]
However, lobar distribution of emphysema is significantly
different from the distribution between the upper and lower
halves of the lungs divided by a transverse plane. Especially when
patients have mild to moderate emphysema as in our patients, the
superior segment of the lower lobe found at the level of the upper
lobes can dilute the predominance of upper-lobe emphysema.
Therefore, lobe segmentation provides more accurate informa-
tion than nonanatomic approach in ascertaining the effect of
regional emphysema on lung cancer.*°! Recently, Gierada et al'®!
have demonstrated a difference in quantitative emphysema
measurement between patients with lung cancer and those
without lung cancer in a National Lung Screening Trial (NLST).
The association between lung cancer and quantitatively mea-
sured emphysema in the upper lungs is found to be the strongest.
To the best of our knowledge, that study was the first one to show
a significant relationship between quantitatively measured
emphysema and lung cancer. However, they did not identify
any practical value of quantifying emphysema in screening
because the relationship they found was too weak. In their study,
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the population was skewed toward lower percentage values of
emphysema. Their use of nonanatomic lung segmentation might
have weakened the relationship between regional emphysema
quantity and lung cancer.

In our study, more severe emphysema was seen in the upper
lobes. A higher frequency of lung cancer was also seen in the upper
lobes. Our results are in agreement with previous studies.!*'>3 In
addition, there was a greater amount of emphysema in lobes with
lung cancer than that in lobes without lung cancer. We conducted
multivariate logistic regression analysis to see if the prevalence of
emphysema in lobes with lung cancer could be accounted for the
fact that both lung cancers and emphysema were prevalent in the
upper lobes. The odds of lung cancer in the upper lobes was 1.77
compared with the lower/middle lobes. The odds of lung cancer in
the lobes with more severe emphysema (lobar emphysema ratio
ranked 1st or 2nd) was 2.48 than the other lobes with less severe
emphysema (lobar emphysema ratio ranked 3rd, 4th, or 5th),
which was higher than the odds of lung cancer according to lobar
location. Our study showed a significant relationship between
quantitatively measured emphysema and lung cancer using lobe
segmentation. Automated volume measurement and quantifica-
tion of emphysema in each lobe have not been widely used in
clinical studies due to technical difficulties in lobe segmenta-
tion.!****] Because of recent advances in lobe segmentation
software, we were able to automatically measure the quantity of
emphysema in each pulmonary lobe in just a few minutes.
Quantitative measurements of lung volume and the amount of
emphysema per lobe would also be useful for estimating
postoperative lung function in patients with lung cancer.

This study had several limitations. First, the study population
was relatively small and predominantly male. Results might be
different in a larger population. Second, most patients with severe
emphysema were not included in the study group because most of
them had conditions (such as pneumonia, pleural effusion, and
lung atelectasis) that might affect measurement of lung volume or
emphysema. This might affect the statistical analysis. In a
previous study, no dose—response effect of emphysema on the risk
of lung cancer was found in patients with severe emphysema.*!
Thus, including patients with severe emphysema could weaken
the relationship between lobar emphysema quantity and lung
cancer. Third, we excluded patients with whole-lung emphysema
ratios less than 1%. In addition, some patients were excluded
following lobe segmentation failure due to technical reasons.
These factors could act as a selection bias. Fourth, we did not
analyze subjects according to specific types of lung cancer. It is
possible that some types of lung cancer are more likely to be
affected by emphysema than other types./*¢!

In conclusion, using automated lobe segmentation and
quantification methods, we found that lung cancer was most
likely to occur in pulmonary lobes with more severe emphysema.
To validate the relationship between the quantitative severity of
regional emphysema and the likelihood of lung cancer, further
study is needed with a larger population.
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