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Prognostic significance of CT-emphysema score in patients with
advanced squamous cell lung cancer
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Background: Although emphysema is a known independent risk factor of lung cancer, no study has
addressed the prognostic impact of computed tomography (CT)-emphysema score in advanced stage lung
cancer.

Methods: For 84 consecutive patients with stage IIIB and IV squamous cell lung cancer that underwent
palliative chemotherapy, severity of emphysema was semi-quantitatively scored using baseline chest CT
images according to the Goddard scoring system (possible scores range, 0-24). The cutoff of high CT-
emphysema score was determined using the maximum chi-squared test and the prognostic significance of
the high CT-emphysema score was evaluated using Kaplan-Meier analysis and Cox proportional hazards
analysis.

Results: The median CT-emphysema score was 5 (range, 0-22). Patients with a high CT-emphysema score
(>4) tended to have poorer overall survival (OS) (median: 6.3 vs. 13.7 months) than those with a score of <4
(P=0.071). Multivariable analysis revealed that a higher CT-emphysema score was a significant independent
prognostic factor for poor OS [hazard ratio (HR) =2.06; 95% confidence interval (CI), 1.24-3.41; P=0.005),
along with no response to first-line therapy (P=0.009) and no second-line therapy (P<0.001).
Conclusions: CT-emphysema score is significantly associated with poor prognosis in patients with

advanced squamous cell lung cancer.
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Introduction

Chronic obstructive pulmonary disease (COPD) and lung
cancer present major medical challenges; COPD is the third
leading cause of death and lung cancer is the leading cause
of cancer-related death in the United States (1,2). Several
studies have established a relationship between COPD and
lung cancer. The prevalence of COPD in newly-diagnosed
lung cancer patients was estimated at about 50% (3) and
COPD is considered an independent risk factor of lung
cancer, irrespective of smoking history (4,5).
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Emphysema, one of the classic subtypes of COPD, is
characterized by abnormal and permanent enlargement of
airspaces distal to terminal bronchioles and accompanying
destruction of alveolar walls. Computed tomography (CT)
is an established method for the detection and quantification
of emphysema (6,7), and CT-diagnosed emphysema has
also been reported to be associated with an increased risk of
lung cancer independently of smoking history and airflow
obstruction (8). Furthermore, recent studies have reported
that presence of emphysema detected by CT in resected

7 Thorac Dis 2016;8(8):1966-1973



Journal of Thoracic Disease, Vol 8, No 8 August 2016

and in all stages of non-small cell lung cancer (NSCLC)
patients has an adverse prognostic impact (9,10).

The determination of lung cancer histologic subtype
is important for treatment decision making and histologic
subtype is considered to have a prognostic role in a metastatic
setting (11). Furthermore, the relationship between
emphysema and lung cancer appears to depend on histologic
subtype. A recent study demonstrated a significantly
higher risk of squamous cell carcinoma in the presence
of CT detected emphysema than for other histologic
subtypes (12). In view of the shared pathogenic mechanisms
of emphysema and squamous cell lung cancer (13),
we questioned whether the severity of emphysema
influences prognosis in patients with advanced stage
squamous cell lung cancer. Accordingly, the purpose of our
study was to analyze the prognostic value of CT-emphysema
score in patients with advanced squamous cell lung cancer
that received palliative chemotherapy.

Methods
Study subjects

We retrospectively identified 494 consecutive patients
with advanced NSCLC (stages IIIB and IV) that
received palliative chemotherapy at Gachon University
Gil Medical Center (Incheon, Korea) between January
2010 and December 2014. Of these patients, 96 (19.4%)
had histologically proven squamous cell carcinoma.
"Twelve patients that had undergone pulmonary resection
were excluded, and thus, the study cohort consisted of
84 patients. The medical records of all study subjects
were reviewed. Patient information included age, sex,
performance status (PS), smoking habit, stage, spirometric
variables, chemotherapy regimen, tumor response, and
survival. Spirometry was performed with a bronchodilator
as recommended by American Thoracic Society at time of
lung cancer diagnosis. COPD was diagnosed if the ratio of
forced expiratory volume in 1 second (FEV)) and forced
vital capacity (FEV /FVC) was lower than 70%. The Global
initiative for Chronic Obstructive Lung Disease (GOLD)
system was used to classify subjects into mild (GOLD 1),
moderate (GOLD II) and severe (GOLD III-IV) airflow
limitation categories (14). Tumor responses were classified
using Response Evaluation Criteria in Solid Tumors
(RECIST 1.1). This retrospective study was approved by
the Institutional Review Board of our institution and patient
confidentiality was maintained throughout the study.
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CT-emphysema score

Chest CT scans were obtained using Siemens multi-
detector helical CT scanners (SOMATOM Definition
or SOMATOM Definition Flash; Siemens Healthcare,
Forchheim, Germany). With a patient in the supine position,
scans were performed during full inspiration using the
following acquisition parameters: 1 mm collimation, 120-
140 kV, 75-350 mA, 0.75-1 s scan time, and 1-2 mm slice
thickness. Emphysema severity was determined using CT
images obtained at time of diagnosis by a subspecialty-trained
chest radiologist using the Goddard scoring system (15).
The reader was instructed to divide lungs into six regions:
upper, middle, and lower lung fields (upper lung; 1 cm
above the superior margin of the aortic arch, middle lung;
1 c¢cm below the carina, lower lung; 3 cm above the top
of the diaphragm) on right and left sides. Emphysema
is characterized by CT as areas of low attenuation that
contrast with the normal attenuation of surrounding lung
parenchyma. Lung regions were graded as follows; no
emphysema (score 0), <25% emphysema (score 1), <50%
emphysema (score 2), <75% emphysema (score 3) and
>75% emphysema (score 4). Scores of the six regions were
summed to obtain total scores, giving a minimum total
score of 0 and a maximum of 24. Total CT-emphysema
scores of 0 or 1 were defined as no emphysema, since 95%
of nonsmokers in previous series had lungs with <5%
emphysematous involvement (10).

Statistical analysis

Pearson’s chi-squared or Fisher’s exact tests were used to
compare categorical variables, and continuous variables
were compared using the Student’s z-test or Mann-
Whitney U test. Relationships between pairs of continuous
variables were examined using Pearson’s correlation
analysis. Overall survival (OS) was defined as time between
treatment commencement and date of death or last follow-
up. OSs were estimated using the Kaplan-Meier method
and compared using the log-rank test. Maxstat, a maximal
chi-square method in open source statistical software R
(R Development Core Team, Vienna, Austria, http://
www.R-project.org), was used to determine the optimal
cutoff point for CT-emphysema score. Multivariable
Cox regression analysis (enter method) was performed to
identify significant prognostic factors of survival. Variables
with P values of <0.1 by univariable analysis were included
in the multivariable model, which was adjusted for
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Table 1 Patient characteristics (n=84)

Characteristics

No. of patients

%

Age (years)
Median (range)
=70
Male sex
ECOG performance status
0-1
2
Charlson comorbidity index
0
1
>2
Smoking status
Current
Ex-smoker
Never-smoker
Stage at treatment
1B
\%
Emphysema
Yes (CT-emphysema score >2)
No
COPD
COPD severity (GOLD stage)
|
Il
-1V
First-line chemotherapy
Combination therapy
Single-agent
First-line chemotherapy regimens
Gemcitabine/platinum
Paclitaxel/platinum
Gemcitabine/paclitaxel
Gemcitabine
Paclitaxel
Response to first-line therapy
Partial response
Stable disease
Progressive disease
Not evaluable
Second-line therapy
Yes
No

70 [50-84]
41
75

54
30

44
24
16

44
32
8

10
74

60
24
55

19
28
8

70
14

58

33
31
14

54
30

48.8
89.3

64.3
35.7

52.4
28.6
19.0

52.4
38.1
9.5

11.9
88.1

71.4
28.6
65.4

22.6
33.3
9.5

83.3
16.7

69
7.1
71
14.3
2.4

39.3

36.9
16.7
7.1

64.3
35.7

ECOG, Eastern Cooperative Oncology Group; CT, computed
tomography; COPD, chronic obstructive pulmonary disease;
GOLD, Global Initiative for Chronic Obstructive Lung Disease.
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known prognostic factors (age, stage, and PS). Statistical
significance was accepted for P values of <0.05, and the
statistical analysis was performed using SPSS for Windows
ver. 19.0 (SPSS Inc., Chicago, IL, USA).

Results
Patient characteristics and CT-emphysema scores

Baseline characteristics for the 84 study subjects are
summarized in Table 1. Median patient age was 70 years
(range, 50-84 years) and 75 (89.3%) were male. Seventy-
six patients (90.5%) had a smoking history and 55 patients
(65.4%) had COPD. Combination chemotherapy was
administered to 70 patients (83.3%), and 33 patients (39.3%)
responded to first-line chemotherapy.

Emphysema, defined as a CT-emphysema score >2, was
present in 60 patients (71.4%), and the mean CT-emphysema
score was 6.6+6.3 (median, 5; range, 0-22; interquartile
range, 9) (Figure 1). All of them had diffuse emphysema
across multiple regions, and there was no patient with
localized emphysema (i.e., one area with >75% emphysema
and no emphysema in other areas). Seven patients (8.3 %) had
combined pulmonary fibrosis and emphysema (CPFE).

The presence of emphysema (CT-emphysema score
>2) was found to be significantly associated with smoking
history (P=0.039) and higher smoking pack-years (P=0.038).
However, no significant differences was observed between
patients with or without emphysema in terms of sex, age,
PS, stage, COPD, and FEV, (%) (Table 2). CT-emphysema
score was not found to be significantly related to FEV,
(r=-0.215; P=0.050) or smoking pack years (r=0.110;
P=0.319) (Figure 2).

Survival analysis

Over a median follow-up of 7.8 months [95% confidence
interval (CI), 4.2-11.3 months], 76 patients (90.5%) died,
and median OS was 9.1 months (95% CI, 5.7-12.4 months).

Using the maximal chi-square method to determine
an optimal cutoff for CT-emphysema score, patients with
a score of >4 showed a tendency toward poorer OS than
patients with a score of <4 (6.3 vs. 13.7 months; P=0.071 by
the log-rank test; Figure 3).

Univariable and multivariable analyses results for
prognostic factors of OS are summarized in Tuable 3.
Univariable analysis showed that single-agent chemotherapy
(P=0.028), no response to first-line therapy (P<0.001),
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No. of patients

CT-emphysema score
Mean =+ SD: 6.6+6.3
Median (range): 5 (0-22)

CT-emphysema score

Figure 1 The distribution of CT-emphysema score in the study population. CT, computed tomography.

Table 2 Characteristics of patients according to the presence of emphysema (CT-emphysema score >2)

1969

Characteristics Emphysema (n=60) Non-emphysema (n=24) P value
Age, years 69.5+8.0 65.2+8.5 0.028°

>70 30 (50.0%) 11 (45.8%) 0.730°
Male 33 (93.3%) 19 (79.2%) 0.111°
ECOG PS

0-1 37 (61.7%) 17 (70.8%) 0.428°

>2 23 (38.3%) 7 (29.2%) -
Smoking status

Current/ex-smoker 57 (95.0%) 19 (79.2%) 0.039°

Never smoker 3 (5.0%) 5 (20.8%) -

Pack-year, median (range) 40 (0-150) 38.5 (0-130) 0.038¢
Stage

1B 9 (15.0%) 1(4.2%) 0.268°

\Y 51 (85.0%) 23 (95.8%) -
COPD 40 (60.7%) 15 (62.5%) 0.717°
GOLD stage

I 16 (40.0%) 3 (20.0%) 0.124°

I 17 (42.5%) 11 (73.3%) -

-1V 7 (17.5%) 1(6.7%) -
FEV, (%) 80.2+24.4 82.0+30.3 0.783%
Charlson comorbidity index

0-1 48 (80.0%) 20 (83.3%) 1.000°

=2 12 (20.0%) 4 (16.7%) -
First-line chemotherapy

Combination therapy 47 (78.3%) 23 (95.8%) 0.059°

Single-agent

13 (21.7%)

1 (4.2%)

Values are means + standard deviations. ?, Student’s t-test; °, chi-squared test; °, fisher’s exact test; ¢, Mann-Whitney U test. CT, computed
tomography; ECOG PS, Eastern Cooperative Oncology Group performance status; COPD, chronic obstructive pulmonary disease; GOLD,
Global Initiative for Chronic Obstructive Lung Disease; FEV,, forced expiratory volume in 1 second.
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Figure 2 Relationships between CT-emphysema scores and FEV, (A) and smoking (B). CT, computed tomography; FEV, forced expiratory

volume in 1 second.

100 — CT-emphysema score <4

- CT-emphysema score >4

75 P=0.071

50

Precent survival

25

% 3 6 9 2 15 18 21 24
Months
Figure 3 Kaplan-Meier survival plots for high and low CT-

emphysema scores. CT, computed tomography.

and no second-line treatment (P<0.001) were significantly
associated with poor OS, and that the presence of COPD
and COPD severity were not significant prognostic factors.
However, multivariable analysis showed that higher CT-
emphysema score (>4) was an independent prognostic factor
for shorter OS [hazard ratio (HR) =2.06; 95% CI, 1.24-3.41;
P=0.005], along with no response to first-line therapy
(HR =2.20; 95% CI, 1.22-3.98; P=0.009) and no second-
line therapy (HR =3.75; 95% ClI, 2.10-6.70; P<0.001).

Discussion

The majority of NSCLC patients is initially diagnosed with
advanced stage and generally requires systemic therapy (16).
Squamous cell carcinoma is the second most common
histology in NSCLC, and accounts for approximately 30% of
all cases (17). The sub-classification of NSCLC as squamous
or non-squamous is important for treatment decision making
in the setting of advanced disease, because underlying driving
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genetic abnormalities, such as, epidermal growth factor
receptor mutations and anaplastic lymphoma kinase gene
rearrangements, have been associated with a non-squamous
rather than a squamous histology (18). Furthermore,
squamous cell lung cancer is highly prevalent in the smoking
population, and smoking is the common causative factor of
emphysema. Therefore, in the present study, we investigated
the prognostic significance of CT-determined emphysema
severity in patients with advanced squamous cell lung cancer.
It was found a higher CT-emphysema score was significantly
associated with shorter OS after adjusting for other
prognostic factors, including age, stage, PS, chemotherapy
(single agent vs. doublet), response to first-line therapy, and
second-line treatment (yes vs. no).

We observed that advanced squamous cell lung cancer
is frequently accompanied by emphysema (CT-emphysema
score >2) (71.4%). As compared with previous studies,
which reported a prevalence of emphysema of 58% in
clinical stage I NSCLC and of 31% in all stages of NSCLC
patients (9,10), the higher percentage observed in the
present study was probably caused by the inclusion of a
greater proportion of patients with an advanced stage or a
squamous cell histology.

In the present study, COPD (as defined by airflow
limitation) was not found to be associated with poor
prognosis in advanced squamous cell lung cancer. This
finding is consistent with previous studies, which also found
COPD had no prognostic impact in patients with early-
stage NSCLC or in patients with advanced NSCLC that
received chemotherapy (10,19). In addition, the severity
of emphysema in the present study was not well correlated
with FEV, (%), which was also reported by Ueda ez 4/. (10).
COPD is a heterogeneous syndrome with variable
contributions from emphysema, chronic bronchitis, and
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Table 3 Univariable and multivariable analyses results for variables associated with overall survival
Variables Univariable analysis Multivariable analysis
HR (95% ClI) P value HR (95% CI) P value

Male sex 1.23 (0.64-2.79) 0.446 - -
Age =70 years 1.33 (0.84-2.10) 0.221 1.09 (0.60-1.98) 0.767
Stage IV 1.51(0.72-3.17) 0.272 2.22 (1.00-4.94) 0.052
ECOG PS 22 1.32 (0.82-2.12) 0.261 0.93 (0.50-1.74) 0.829
Smoking (yes vs. no) 1.14 (0.54-2.37) 0.736 - -
COPD (yes vs. no) 1.04 (0.65-1.67) 0.864 - -
GOLD stage - - - -

No COPD Reference - - -

| 1.37 (0.75-2.50) 0.300 - -

Il 0.81 (0.47-1.42) 0.462 - -

-1V 1.46 (0.66-3.23) 0.355 - -
Monotherapy vs. combination 1.93 (1.07-3.49) 0.028 1.44 (0.69-3.03) 0.331
No response to first-line therapy 3.17 (1.90-5.28) <0.001 2.20 (1.22-3.98) 0.009
No second-line therapy 4.76 (2.87-7.91) <0.001 3.75 (2.10-6.70) <0.001
CT emphysema score (continuous) 1.01 (0.98-1.05) 0.451 - -
The presence of emphysema (CT-emphysema score >2) 1.24 (0.74-2.08) 0.417 - -
High CT-emphysema score (=4) 1.53 (0.96-2.43) 0.073 2.06 (1.24-3.41) 0.005
Carlson comorbidity index =2 0.91 (0.51-1.64) 0.759 - -

HR, hazard ratio; Cl, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; COPD, chronic obstructive
pulmonary disease; GOLD, Global Initiative for Chronic Obstructive Lung Disease; CT, computed tomography.

small airway disease, and is traditionally categorized using
spirometric measures, such as, FEV, (14). For this reason,
COPD severity fails to reflect disease heterogeneity,
because spirometry results reflect airflow obstruction caused
by combinations of these disease processes.

One plausible mechanism for the poor prognosis associated
with emphysema in squamous lung cancer concerns the
relationship between the tumor microenvironment and
the clinicopathologic aggressiveness of the cancer (20).
Matrix metalloproteinase (MMP)-2, which is up-regulated
in emphysematous lungs (21), has been shown to play
important roles in tumor progression (22). In a previous
study, it was reported that strong stromal MMP-2 expression
was a significant poor prognostic factor in squamous
cell lung cancer, but not in lung adenocarcinoma (23).
Another explanation is that emphysema may confer a
risk for chemotherapy-related severe adverse events, for
example, emphysema by chest CT has been identified to
be a risk factor of severe pneumonia (24). Similarly, in the
present study, treatment-associated mortality resulting from
pneumonia was more frequent in patients with a higher CT-
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emphysema score (16.7% vs. 8.3%).

The Goddard semi-quantitative scoring system was used
in the present study to evaluate the severity of emphysema
in baseline CT scans. This visual scoring method is
straightforward and can be performed rapidly because
it does not require post-processing techniques, such as,
lung segmentation, thresholding, or manual extraction for
quantitative CT assessment (25). Furthermore, previous
studies have reported good agreement of semi-quantitative
scores between expert readers for the assessment of
presence and extent of emphysema, and subjective visual
assessments were found to be well correlated with objective
lung attenuation measurements obtained by two- or three-
dimensional CT densitometry (25-27). Since all lung cancer
patients undergo an initial chest CT scan for diagnosis and
staging, this method might allow the routine quantitative
assessment of emphysema in lung cancer patients without
additional cost or radiation exposure.

The present study has several limitations that require
consideration. First, the number of patients included was
small, although the study populations are homogeneous in
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terms of histology, stage, and treatment. Second, we did
not evaluate the prognostic significance of CPFE due to
small number of patients (n=7), although a previous report
showed patients with CPFE showed poor prognosis than
those with emphysema only (28). Furthermore, we cannot
analyze the value of the emphysema distribution (i.e.,
one area with >75% emphysema vs. diffuse emphysema
across multiple regions) because no patient had localized
emphysema. Finally, detailed information regarding the
smoking status after cancer diagnosis cannot be obtained
since this study was conducted in retrospective manner. It
has been reported that smoking status after cancer diagnosis
affects prognostic outcomes (29,30).

In conclusion, a higher CT emphysema score, as
determined using baseline CT scans, was found to be
associated with poor prognosis in patients with advanced
squamous cell lung cancer. Furthermore, our findings
suggest CT-emphysema score could be used to better
predict prognosis in advanced squamous cell lung cancer.
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