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Abstract
Rationale: We performed this retrospective study to clarify the clinical characteristics, survival and mortality 

predictors in patients with combined pulmonary fibrosis and emphysema (CPFE) and lung cancer.

Methods: We retrospectively reviewed the medical records of a total of 123 patients with lung cancer, as 
confirmed according to histological or cytological examinations. Based on the findings of chest CT, the patients were 
categorized into four groups: LC+normal (n=70); LC+emphysema (n=26); LC+fibrosis (n=10); LC+CPFE (n=17). The 
clinical characteristics and survival of the LC+CPFE group were compared with those of the other groups. In addition, 
mortality predictors were evaluated in the LC+CPFE group.

Results: The proportion of females was significantly higher in the LC+normal group than in the LC+CPFE and 
LC+emphysema groups. Significantly more patients were diagnosed with squamous cell carcinoma in the LC+CPFE 
group than in the LC+normal group. The proportion of patients whose primary mass was located in “non-subpleural” 
areas was significantly higher in patients with CPFE who also had lung cancer in the upper lobe than in those with 
CPFE who also had lung cancer in the other sites. There were significant differences in survival between the LC+normal 
group and the other groups, whereas there were no significant differences in survival among the LC+emphysema, 
LC+fibrosis and LC+CPFE groups. In the LC+CPFE group, the patients with a high level of serum KL-6 at diagnosis 
and upper lobe lung cancer demonstrated a high risk of death. A high level of serum KL-6 at diagnosis was also 
independently associated with a high risk of death.

Conclusions: Patients with CPFE and lung cancer may have distinct clinical characteristics. Strict follow-up is 
required in patients with CPFE and lung cancer whose serum KL-6 level at diagnosis is higher than the normal range 
and/or the primary mass of lung cancer is located in the upper lobe.
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Introduction
Emphysema and idiopathic interstitial pneumonias, including 

idiopathic pulmonary fibrosis (IPF), are conditions defined by distinct 
clinical, functional, radiological and pathological characteristics. 
However, the occurrence of both emphysema and pulmonary fibrosis 
in the same patient has received increased attention as a syndrome 
of combined pulmonary fibrosis and emphysema (CPFE) [1-5]. 
CPFE, which is associated with smoking and has the features of both 
emphysema and pulmonary fibrosis, may be an independent risk factor 
for lung cancer. A higher prevalence of lung cancer has been reported 
in patients with CPFE than in those with emphysema/COPD alone 
[3,6] or IPF alone [7]. Inversely, the prevalence of CPFE in the lung 
cancer population has been found to be higher than that of isolated 
pulmonary fibrosis [8]. Moreover, patients with CPFE and lung cancer 
have a poorer prognosis than those with emphysema and lung cancer 
[8]. Nevertheless, it remains unclear whether patients with CPFE and 
lung cancer have a poorer prognosis than those with IPF and lung 
cancer, and little is known about mortality predictors in patients with 
CPFE and lung cancer. A recent matched case-control study revealed 
that, in addition to lung cancer in IPF patients, lung cancer in CPFE 
patients occurs more frequently in subpleural areas than does lung 
cancer in emphysema patients [6]. However, there continues to be a 
lack of information on the frequency of locations of lung cancer in 
CPFE patients. 

We were interested in the prevalence of CPFE in the lung cancer 
population, and subsequently performed this retrospective study to 
clarify the clinical characteristics, survival and mortality predictors in 
patients with CPFE and lung cancer.

Methods
Subjects

The medical records for a series of all patients with lung cancer, 
as confirmed according to histological or cytological examinations, 
who were seen and assessed at Okaya City Hospital between April 2010 
and December 2014, were reviewed retrospectively to obtain clinical 
and demographic data, including age, gender, route of diagnosis, 
clinical stage of lung cancer, initial treatment for lung cancer and 
survival. The patients were categorized into four groups: patients with 
lung cancer who did not have emphysema or fibrosis (LC+normal 
group); patients with lung cancer who also had emphysema alone 
(LC+emphysema group); patients with lung cancer who also had 
fibrosis alone (LC+fibrosis group); patients with lung cancer who also 
had CPFE (LC+CPFE group). The diagnosis of CPFE, emphysema 
and fibrosis was made based on imaging criteria as described below. 
Our institutional review board approved this retrospective study, and 
provided all necessary ethical permissions.
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Imaging criteria

Emphysema and pulmonary fibrosis were evaluated using chest 
high resolution computed tomography (HRCT) as previously described 
[3,9,10]. Briefly, emphysema was scored visually in the bilateral upper, 
middle and lower lung fields according to the methods of Goddard, 
et al. [11]. The score for each of the six dimensions was calculated 
according to the percentage of  low attenuation area (%LAA) in each 
lung field as follows: score 0, %LAA<5%; score 1, 5% ≤ %LAA<25%; 
score 2, 25% ≤ %LAA<50%; score 3, 50% ≤ %LAA<75%; and score 4, 
75% ≤ %LAA. The severity of emphysema was graded in accordance 
with the sum of the scores of the six dimensions as follows: Grade 
0, total score=0; Grade 1, total score=1-6; Grade 2, total score=7-12; 
Grade 3, total score=13-18; and Grade 4, total score=19-24 [12,13]. 
The detection of significant pulmonary fibrosis on HRCT, defined as 
the presence of bulla, honeycombing, reticular opacity, ground-glass 
opacity, consolidation, traction bronchiectasis, peribronchovascular 
interstitial thickening and architectural distortion, was performed 
visually as previously described [1,3,9,10]. The extent of pulmonary 
fibrosis was scored visually to grade the severity in the LC+CPFE 
group as previously described [14]. The patients with CPFE were 
characterized by the coexistence of significant emphysema (Grade 2 
or more) and significant pulmonary fibrosis. Meanwhile, the patients 
with emphysema were characterized by the presence of significant 
emphysema (Grade 2 or more) without pulmonary fibrosis, and the 
patients with fibrosis were characterized by the presence of significant 
pulmonary fibrosis without significant emphysema (none or Grade1).

The locations of the lung cancer were also reviewed on chest 
HRCT and categorized into three subgroups based on the location of 
the primary mass as previously described [6]. If the distance between 
the primary mass and visceral pleura was less than 1 cm, the primary 
mass was located in “subpleural” areas. If the distance was greater than 
1 cm, the primary mass was located in “non-subpleural” areas. If several 
masses were detected and the distribution was diverse, or the primary 
mass was too large to determine the area in which it was located, the 
locations of these masses were considered to be “not differentiated”. 
In order to investigate the predominant location of the primary mass, 
the patients were also divided into two groups: patients with lung 
cancer in the upper lobe (Upper lobe lung cancer group); and patients 
with lung cancer in the other sites (Other sites lung cancer group). In 
addition, the locations of the lung cancer were categorized into “non-
emphysematous area” or “emphysematous area” and into “non-fibrotic 
area” or “fibrotic area”. Moreover, the locations of the lung cancer in 
“fibrotic area” were also subcategorized into “in-fibrotic area” (in the 
midst of fibrosis) or “fibrotic junction area” (interface between normal 
lung and fibrosis).

The CT images were reviewed independently by two pulmonologists 
(Y.K. and K.F.) with no knowledge of the patients’ clinical information. 
The intra-observer reproducibility of visual scoring was tested by one 
observer (Y.K.), and the inter-observer reproducibility of visual scoring 
was determined by two observer (Y.K. and K.F.) in the same way as 
described in our previous report [13]. The rates of concordance in both 
intra-observer and inter-observer were more than 90%. In addition, 
the diagnosis of CPFE, emphysema or fibrosis required a consensus 
among the reviewers. The other pulmonologists (J.H. and S.H.) selected 
subjects.

Data analysis

The data are presented as the mean ± standard error or ratios 
with percentages as appropriate. The Chi-square and Fisher’s exact 
tests were used for comparisons of categorical variables, and an 

analysis of variance (ANOVA) and Kruskal-Wallis test were used for 
comparisons of continuous variables among the four groups. The 
survival was estimated using the Kaplan-Meier method in each group, 
and differences between the four groups were compared using the 
log-rank test. In the LC+CPFE group, a univariate Cox proportional 
hazards regression analysis followed by a multivariate analysis were 
used to identify risk factors for mortality. Variables with P-value less 
than 0.15 in the univariate analyses were considered for inclusion in 
the multivariate model. All statistical analyses were performed using 
a Windows-compatible software program (StatFlex version 6; Artech 
Co., Ltd., Osaka, Japan). Variables with P-values less than 0.05 were 
considered to be significant in all statistical analyses.

Results
Figure 1 shows a flow diagram of subject selection and exclusion. 

A total of 150 patients were suspected of having lung cancer on chest 
HRCT. Twenty-seven of these patients were excluded from the study 
because of insufficient pathologic evidence to support a clinical 
diagnosis of lung cancer. Data for the remaining 123 patients with 
lung cancer were reviewed. Seventeen (13.8%) of these 123 patients 
had CPFE (LC+CPFE group, n=17), 26 patients had emphysema alone 
(LC+emphysema group, n=26) and 10 patients had fibrosis alone 
(LC+fibrosis group, n=10). The remainder of the 123 patients did not 
have either emphysema or fibrosis (LC+normal group, n=70).

Table 1 shows the clinical characteristics of the four groups. The 
proportion of females was significantly higher in the LC+normal 
group than in the LC+CPFE and LC+emphysema groups. There were 
no significant differences in the route of diagnosis among the four 
groups. Significantly more patients were diagnosed with squamous cell 
carcinoma and fewer patients were diagnosed with adenocarcinoma 
in the LC+CPFE group than in the LC+normal group. There were 
no significant differences in the clinical stage of non-small cell lung 
cancer (NSCLC), initial treatment for lung cancer or primary site of 
lung cancer between the four groups. In the LC+CPFE group, the 
primary mass of lung cancer was located in the upper lobe in seven 
of 17 patients. The proportion of patients whose primary mass was 
located in “non-subpleural” areas was significantly higher in patients 
with CPFE who also had lung cancer in the upper lobe than in those 
with CPFE who also had lung cancer in the other sites. In the LC+CPFE 

Figure 1: Flow diagram of subject selection.
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group, the primary mass of lung cancer was located in an area with 
mixed emphysema and fibrosis on chest HRCT in eleven of 17 patients. 
The proportion of patients whose primary mass was located in “non-
emphysematous area” or “in-fibrotic area” tended to be higher in the 
LC+CPFE group compared to the other groups, whereas there were no 
significant differences.

According to the Kaplan-Meier analysis, the log-rank test showed 

significant differences in the survival between the LC+normal group 
and the other groups (Figure 2). However, there were no significant 
differences in survival among the LC+emphysema, LC+fibrosis and 
LC+CPFE groups (Figure 2). The univariate Cox proportional hazards 
regression analysis showed that a high level of serum Krebs von den 
Lungen-6 (KL-6) at diagnosis (HR 11.35, p=0.0233) and upper lobe 
lung cancer (HR=4.22, p=0.0399) were associated with a high risk of 
death in the LC+CPFE group (Table 2). Interestingly, a high severity 

Table 1: Clinical characteristics of the four groups.
*p<0.05 vs. LC+normal; **p<0.01 vs. LC+normal; †p<0.05 vs. Other sites-Non-subpleural; ‡p<0.05 vs. Other sites-Subpleural. N/A: Not Applicable

LC+normal

(n=70)

LC+emphysema

(n=26)

LC+fibrosis

(n=10)

LC+CPFE

(n=17)
 Age, years old 72.5 ± 1.5 78.8 ± 2.0 73.8 ± 2.1 73.9 ± 1.9
 Gender, female/male 31/39 3/23 * 1/9 1/16 *
 Route of diagnosis, n(%)

Screening, incidental 46 (65.7%) 15 (57.7%) 4 (40.0%) 10 (58.8%)
Symptoms 24 (34.3%) 11 (42.3%) 6 (60.0%) 7 (41.2%)

 Histology of lung cancer, n(%)
Small cell carcinoma 5 (7.1%) 3 (11.5%) 2 (20.0%) 1 (5.9%)
Squamous cell carcinoma 11 (15.7%) 10 (38.5%) 4 (40.0%) 10 (58.8%) **
Adenocarcinoma 50 (71.4%) 11 (42.3%) 4 (40.0%) 5 (29.4%) *
Large cell carcinoma 3 (4.3%) 2 (7.7%) 0 (0.0%) 0 (0.0%)
Other non-small cell carcinoma 1 (1.4%) 0 (0.0%) 0 (0.0%) 1 (5.9%)

Clinical stage of non-small cell lung cancer, n(%)
StageⅠA,B 31 (47.7%) 5 (21.7%) 1 (12.5%) 6 (37.5%)
StageⅡA,B 5 (7.7%) 5 (21.7%) 1 (12.5%) 5 (31.3%)
StageⅢA,B 7 (10.8%) 3 (13.0%) 1 (12.5%) 3 (18.8%)
StageⅣ 22 (33.8%) 10 (43.5%) 5 (62.5%) 2 (12.5%)
Advanced stage(ⅢB, Ⅳ) 27 (41.5%) 11 (47.8%) 5 (62.5%) 5 (31.3%)

 Clinical stage of small cell lung cancer, n(%)
Limited disease 3 (60.0%) 2 (66.7%) 1 (50.0%) 1 (100.0%)
Extended disease 2 (40.0%) 1 (33.3%) 1 (50.0%) 0 (0.0%)

 Initial treatment for lung cancer, n(%)
Surgery 40 (57.1%) 8 (30.8%) 3 (30.0%) 8 (47.1%)
Chemotherapy 15 (21.4%) 7 (26.9%) 2 (20.0%) 7 (41.2%)
Radiation 4 (5.7%) 1 (3.8%) 0 (0.0%) 0 (0.0%)
Best supportive care 14 (20.0%) 10 (38.5%) 5 (50.0%) 2 (11.8%)

 Primary site of lung cancer, n(%)
Right upper lobe 21 (30.0%) 5 (19.2%) 3 (30.0%) 3 (17.6%)
Right middle lobe 3 (4.3%) 1 (3.8%) 2 (20.0%) 0 (0.0%)
Right lower lobe 25 (35.7%) 12 (46.2%) 0 (0.0%) 6 (35.3%)
Right hilum 1 (1.4%) 2 (7.7%) 0 (0.0%) 0 (0.0%)
Left upper lobe 9 (12.9%) 3 (11.5%) 3 (30.0%) 4 (23.5%)
Left lower lobe 10 (14.3%) 3 (11.5%) 2 (20.0%) 4 (23.5%)
Left hilum 1 (1.4%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

 Location of primary mass, n(%)
Upper lobe 30 8 6 7

Non-subpleural 21 (70.0%) 4 (50.0%) 2 (33.3%) 5 (71.4%)†

Subpleural 9 (30.0%) 3 (37.5%) 3 (50.0%) 2 (28.8%)‡

Not-differentiated 0 (0.0%) 1 (12.5%) 1 (16.7%) 0 (0.0%)
Other sites 40 18 4 10

Non-subpleural 20 (50.0%) 7 (38.9%) 2 (50.0%) 2 (20.0%)
Subpleural 16 (40.0%) 10 (55.6%) 2 (50.0%) 8 (80.0%)
Not-differentiated 4 (10.0%) 1 (5.6%) 0 (0.0%) 0 (0.0%)

Non-emphysematous area N/A 2 (7.7%) N/A 4 (23.5%)
     Emphysematous area N/A 24 (92.3%) N/A 13 (76.5%)
     Non-fibrotic area N/A N/A 3 (30.0%) 4 (23.5%)
     Fibrotic area N/A N/A 7 (70.0%) 13 (76.5%)
              In-fibrotic area N/A N/A 0 (0.0%) 4 (30.8%)
              Fibrotic junction area N/A N/A 7 (100.0%) 9 (69.2%)
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of fibrosis, emphysema or NSCLC was not associated with a high risk 
of death (Table 2). The presence of lung cancer in the upper lobe, the 
presence of lung cancer in the subpleural area, and a high level of serum 
KL-6 or serum lactate dehydrogenase (LD) at diagnosis were included 
in the multivariate analysis, which showed that a high level of serum 
KL-6 at diagnosis (HR=12.47, p=0.0339) was independently associated 
with a high risk of death (Table 3). There were no significant differences 
in the clinical stage of NSCLC between the patients with CPFE who 
also had lung cancer in the upper lobe and the patients with CPFE who 
also had lung cancer in the other sites, or between the patients with and 
without a high level of serum KL-6 at diagnosis.

Discussion
We retrospectively investigated the characteristics of patients with 

CPFE compared to those of patients with emphysema or fibrosis alone 
in the lung cancer population. Consequently, we found that the primary 
mass of lung cancer was located in the upper lobe in seven of the 17 
patients with CPFE and lung cancer. In five of these seven patients, the 
lesions were also located in “non-subpleural” areas. Moreover, upper 
lobe lung cancer was found to be associated with a high risk of death only 
in the LC+CPFE group. In addition, there were significant differences 
in survival between the LC+normal group and the other groups, 
whereas there were no significant differences in survival among the 
LC+emphysema, LC+fibrosis and LC+CPFE groups. In the LC+CPFE 

group, the patients with a high level of serum KL-6 at diagnosis and 
upper lobe lung cancer demonstrated a high risk of death. In contrast, a 
high severity of fibrosis, emphysema or NSCLC was not associated with 
a high risk of death. A high level of serum KL-6 at diagnosis was also 
independently associated with a high risk of death.

Okaya City Hospital is the only public hospital in Okaya. This facility 
has 300 beds and provides acute care facilities for the residents of Okaya 
city in Nagano prefecture, population 50,000. Each year, the hospital 
treats a cumulative total of over 4,000 inpatients and over 150,000 
outpatients. The hospital does not have equipment for radiation therapy 
or lung surgery. As a result, no patients with lung cancer are referred 
from hospitals in other areas, and almost all patients with lung cancer 
who live in this area are seen and assessed at this hospital, which results 
in minimal selection bias at entry. Seventeen of the 123 patients with 
lung cancer (13.8%) in the present study also had CPFE. On the other 
hand, a previous study reported that 101 of 1143 patients with lung 
cancer (8.9%) also had CPFE [8]. The differences in these results may 
be due to the differences in patient selection and imaging criteria for 
emphysema as discussed below. In addition, the inclusion of a smaller 
number of patients in the present study may have affected the results.

A previous study demonstrated that patients with CPFE and lung 
cancer have a poorer prognosis than those with emphysema and lung 
cancer [8]. In the present study, there were no significant differences 

Figure 2: Survival estimated using the Kaplan-Meier method in each group.Differences of the survival were compared using the 
log-rank test among the four groups. MST, median survival time.
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in survival between the LC+CPFE and LC+emphysema groups. 
The differences in these results may be due to the differences in the 
imaging criteria for emphysema. In the current study, emphysema in 
the LC+CPFE and LC+emphysema groups was defined as the presence 
of significant emphysema of Grade 2 or more as previously described 
[3,9,10] and patients with little emphysema of Grade 1 were not 
categorized into these groups. In contrast, the extent of emphysema 
was not measured in the previous study [8]. Therefore, the proportion 
of patients with severe emphysema is likely higher in the present study 
versus the previous study [8]. A specific clinical diagnosis and classified 
criteria for CPFE must be established. In addition, the shorter duration 
of follow-up in the present study may have affected the results.

KL-6 is a high-molecular-weight glycoprotein classified as “Cluster 
9 (MUC1)” for lung tumors and differentiation antigens according 
to the findings of immunohistochemical and flow cytometry studies 
[15,16]. KL-6 has been reported to serve as a sensitive serum marker 
for interstitial pneumonia [17,18] and is currently clinically used 
to detect the presence of interstitial pneumonia in Japan. However, 
previous studies have suggested that this parameter can also be used 
as a tumor marker, as its origin indicates [19]. Elevated circulating 
KL-6 levels are frequently observed in patients with NSCLC, pancreatic 
cancer and breast cancer [19-21]. In the present study, a high severity of 
fibrosis and NSCLC was not associated with a high risk of death in the 
LC+CPFE group. These findings suggest that a high level of serum KL-6 
at diagnosis may be associated with survival in patients with CPFE and 
NSCLC regardless of the severity of pulmonary fibrosis and NSCLC. 
On the other hand, Kishaba et al. reported that the baseline serum KL-6 
level is a useful predictor of acute exacerbation (cut-off=1050, receiver 
operator characteristic curve: 0.7720), which occurs in 24% of the 
CPFE patients [22]. In the present study, only one of the 17 patients in 
the LC+CPFE group died of acute exacerbation 105 days after diagnosis 
and showed a high level of serum KL-6 at diagnosis (1,124 U/ml). There 
is a possibility that acute exacerbation is associated with a high risk 
of death in patients with CPFE and lung cancer, although a previous 
study reported that significantly fewer patients with CPFE died of acute 
exacerbation than did patients with IPF [14].

Our findings showed that upper lobe lung cancer was predominantly 
located in “non-subpleural” areas in the LC+CPFE group. In contrast, 
other sites lung cancer was predominantly located in “subpleural” areas. 
Previous studies have reported peripheral and lower lobe dominancy in 
lung cancer development in case of IPF [23,24]. Lung cancer is known 
to occur frequently in the upper lung in patients with emphysema 
[25,26]. Kwak et al. reported that lung cancer in CPFE and IPF subjects 
is predominantly located in “subpleural” areas, and that the similarity 
of the location of lung cancer in CPFE and IPF patients suggests that 
emphysema may not have an additive impact on the development of 
lung cancer in the setting of CPFE [6], although the authors did not 
categorize the primary site of lung cancer into the upper lobe versus 
other sites. The exact cause of the difference in the location of the 
primary mass between their and the current study is not clear. However, 
we assume that carcinogenesis may occur in the upper lobe in patients 
with CPFE because of emphysema and that the heterogeneity of CPFE, 
in which emphysema in the upper lobe coexists with pulmonary fibrosis 
in the lower lobe, may result in different clinical courses and outcomes 
between patients with CPFE with upper lobe lung cancer compared to 
lower lobe lung cancer. In addition, the proportion of patients whose 
primary mass was located in “non-emphysematous area” or “in-fibrotic 
area” tended to be higher in the LC+CPFE group compared to the other 
groups, suggesting that CPFE has different regional susceptibility to 
lung cancer development.

There are several limitations associated with the present study. First, 
this was a single-center, uncontrolled design retrospective study with a 

Variable n HR 95% CI p-value

Age

years
17 0.95 0.87-1.04 0.2928

Severity of pulmonary fibrosis

Minimum, Moderate and Severe
17 0.85 0.40-1.79 0.6681

Severity of emphysema (LAA grade) 

Grade 1-4
17 0.89 0.50-1.59 0.693

Clinical stage of NSCLC

Stage 1-4
16 1.41 0.81-2.45 0.2195

Primary site of lung cancer

Upper lobe
17 4.22 1.07-16.66 0.0399

Location of primary mass

Subpleural area
17 0.32 0.08-1.26 0.1041

Serum KL-6 at diagnosis

higher than the normal range (≥500 
U/ml)

17 11.35 1.39-92.56 0.0233

Serum LD at diagnosis

higher than the normal range (>230 
IU/l)

17 2.72 0.76-9.77 0.1239

LAA: Low Attenuation Areas; NSCLC: Non-Small Cell Lung Cancer; KL-6: Krebs 
von den Lungen-6; LD: Lactate Dehydrogenase; LD: Lactate Dehydrogenase; HR: 
Hazard Ratio; CI: Confidence Interval.
Table 2: Univariate Cox proportional hazards regression analysis for the risk of 
death in the LC+CPFE group.

Variable n HR 95% CI p-value

Primary site of lung cancer

Upper lobe
17 3.21 0.23-43.81 0.3827

Location of primary mass

Subpleural area
17 4.17 0.30-57.22 0.2847

Serum KL-6 at diagnosis

higher than the normal range (≥500 
U/ml)

17 12.47 1.21-128.36 0.0339

Serum LD at diagnosis

higher than the normal range (>230 
IU/l)

17 1.81 0.18-17.97 0.611

KL-6: Krebs von den Lungen-6; LD: Lactate Dehydrogenase; HR: Hazard Ratio; 
CI: Confidence Interval.
Table 3: Multivariate Cox proportional hazards regression analysis for the risk of 
death in the LC+CPFE group.
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lack of statistical power, as the sample size was small in the LC+fibrosis 
group (n=10). Additional prospective studies with larger sample sizes 
are required to confirm the present results. Second, the assessment 
of emphysema on chest HRCT was performed according to a visual 
scoring method, rather than software-based quantification of the 
degree of emphysema. However, the reproducibility of visual scoring 
was demonstrated in our previous report [13]. In addition, we did not 
measure the exact areas of fibrosis on chest HRCT. Instead, the extent of 
fibrosis on chest HRCT was assessed semi-quantitatively as previously 
described [14], because it is difficult to determine the extent of fibrosis 
in the upper regions of the lungs when mixed emphysema and fibrosis 
are present.

In conclusion, patients with CPFE and lung cancer may have 
distinct clinical characteristics. In the current study, there were no 
significant differences in survival between the patients who also had 
emphysema, fibrosis and CPFE in the lung cancer population. However, 
strict follow-up is required in patients with CPFE and lung cancer 
whose serum KL-6 level at diagnosis is higher than the normal range 
and/or the primary mass of lung cancer is located in the upper lobe.

References
1. Cottin V, Nunes H, Brillet PY, Delaval P, Devouassoux G, et al. (2005) Combined 

pulmonary fibrosis and emphysema: a distinct underrecognised entity. Eur 
Respir J 26: 586-593.

2. Jankowich MD, Polsky M, Klein M, Rounds S (2008) Heterogeneity in combined 
pulmonary fibrosis and emphysema. Respiration 75: 411-417.

3. Kitaguchi Y, Fujimoto K, Hanaoka M, Kawakami S, Honda T, et al. (2010) 
Clinical characteristics of combined pulmonary fibrosis and emphysema. 
Respirology 15: 265-271.

4. Grubstein A, Bendayan D, Schactman I, Cohen M, Shitrit D, et al. (2005) 
Concomitant upper-lobe bullous emphysema, lower-lobe interstitial fibrosis and 
pulmonary hypertension in heavy smokers: report of eight cases and review of 
the literature. Respir Med 99: 948-954.

5. Mura M, Zompatori M, Pacilli AM, Fasano L, Schiavina M, et al. (2006) The 
presence of emphysema further impairs physiologic function in patients with 
idiopathic pulmonary fibrosis. Respir Care 51: 257-265.

6. Kwak N, Park CM, Lee J, Park YS, Lee SM, et al. (2014) Lung cancer risk 
among patients with combined pulmonary fibrosis and emphysema. Respir 
Med 108: 524-530.

7. Sugino K, Ishida F, Kikuchi N, Hirota N, Sano G, et al. (2014) Comparison of 
clinical characteristics and prognostic factors of combined pulmonary fibrosis 
and emphysema versus idiopathic pulmonary fibrosis alone. Respirology 19: 
239-245. 

8. Usui K, Tanai C, Tanaka Y, Noda H, Ishihara T (2011) The prevalence of 
pulmonary fibrosis combined with emphysema in patients with lung cancer. 
Respirology 16: 326-331.

9. Kitaguchi Y, Fujimoto K, Hayashi R, Hanaoka M, Honda T, et al. (2013) 
Annual changes in pulmonary function in combined pulmonary fibrosis and 
emphysema: over a 5-year follow-up. Respir Med 107: 1986-1992.

10. Kitaguchi Y, Fujimoto K, Hanaoka M, Honda T, Hotta J, et al. (2014) Pulmonary 
function impairment in patients with combined pulmonary fibrosis and 
emphysema with and without airflow obstruction. Int J Chron Obstruct Pulmon 
Dis 9: 805-811.

11. Goddard PR, Nicholson EM, Laszlo G, Watt I (1982) Computed tomography in 
pulmonary emphysema. Clin Radiol 33: 379-387.

12. Kitaguchi Y, Fujimoto K, Kubo K, Honda T (2006) Characteristics of COPD 
phenotypes classified according to the findings of HRCT. Respir Med 100: 
1742-1752.

13. Fujimoto K, Kitaguchi Y, Kubo K, Honda T (2006) Clinical analysis of chronic 

obstructive pulmonary disease phenotypes classified using high-resolution 
computed tomography. Respirology 11: 731-740.

14. Kurashima K, Takayanagi N, Tsuchiya N, Kanauchi T, Ueda M, et al. (2010) The 
effect of emphysema on lung function and survival in patients with idiopathic 
pulmonary fibrosis. Respirology 15: 843-848.

15. Kohno N, Inoue Y, Hamada H, Fujioka S, Fujino S, et al. (1994) Difference in 
sero-diagnostic values among KL-6-associated mucins classified as cluster 9. 
Int J Cancer Suppl 8: 81-83.

16. Stahel RA, Gilks WR, Lehmann HP, Schenker T (1994) Third International 
Workshop on Lung Tumor and Differentiation Antigens: overview of the results 
of the central data analysis. Int J Cancer Suppl 8: 6-26.

17. Kohno N, Kyoizumi S, Awaya Y, Fukuhara H, Yamakido M, et al. (1989) New 
serum indicator of interstitial pneumonitis activity. Sialylated carbohydrate 
antigen KL-6. Chest 96: 68-73.

18. Kohno N, Awaya Y, Oyama T, Yamakido M, Akiyama M, et al. (1993) KL-6, 
a mucin-like glycoprotein, in bronchoalveolar lavage fluid from patients with 
interstitial lung disease. Am Rev Respir Dis 148: 637-642.

19. Inata J, Hattori N, Yokoyama A, Ohshimo S, Doi M, et al. (2007) Circulating 
KL-6/MUC1 mucin carrying sialyl Lewisa oligosaccharide is an independent 
prognostic factor in patients with lung adenocarcinoma. Int J Cancer 120: 2643-
2649.

20. Kohno N, Akiyama M, Kyoizumi S, Hakoda M, Kobuke K, et al. (1988) Detection 
of soluble tumor-associated antigens in sera and effusions using novel 
monoclonal antibodies, KL-3 and KL-6, against lung adenocarcinoma. Jpn J 
Clin Oncol 18: 203-216.

21. Ogawa Y, Ishikawa T, Ikeda K, Nakata B, Sawada T, et al. (2000) Evaluation 
of serum KL-6, a mucin-like glycoprotein, as a tumor marker for breast cancer. 
Clin Cancer Res 6: 4069-4072.

22. Kishaba T, Shimaoka Y, Fukuyama H, Yoshida K, Tanaka M, et al. (2012) 
A cohort study of mortality predictors and characteristics of patients with 
combined pulmonary fibrosis and emphysema. BMJ Open 2.

23. Qunn L, Takemura T, Ikushima S, Ando T, Yanagawa T, et al. (2002) Hyperplastic 
epithelial foci in honeycomb lesions in idiopathic pulmonary fibrosis. Virchows 
Arch 441: 271-278.

24. Mizushima Y, Kobayashi M (1995) Clinical characteristics of synchronous 
multiple lung cancer associated with idiopathic pulmonary fibrosis. A review of 
Japanese cases. Chest 108: 1272-1277.

25. de Torres JP, Bastarrika G, Wisnivesky JP, Alcaide AB, Campo A, et al. (2007) 
Assessing the relationship between lung cancer risk and emphysema detected 
on low-dose CT of the chest. Chest 132: 1932-1938.

26. Lee BW, Wain JC, Kelsey KT, Wiencke JK, Christiani DC (1998) Association of 
cigarette smoking and asbestos exposure with location and histology of lung 
cancer. Am J Respir Crit Care Med 157: 748-755.

http://www.ncbi.nlm.nih.gov/pubmed/16204587
http://www.ncbi.nlm.nih.gov/pubmed/16204587
http://www.ncbi.nlm.nih.gov/pubmed/16204587
http://www.ncbi.nlm.nih.gov/pubmed/17684315
http://www.ncbi.nlm.nih.gov/pubmed/17684315
http://www.ncbi.nlm.nih.gov/pubmed/20051048
http://www.ncbi.nlm.nih.gov/pubmed/20051048
http://www.ncbi.nlm.nih.gov/pubmed/20051048
http://www.ncbi.nlm.nih.gov/pubmed/15950135
http://www.ncbi.nlm.nih.gov/pubmed/15950135
http://www.ncbi.nlm.nih.gov/pubmed/15950135
http://www.ncbi.nlm.nih.gov/pubmed/15950135
http://www.ncbi.nlm.nih.gov/pubmed/16533415
http://www.ncbi.nlm.nih.gov/pubmed/16533415
http://www.ncbi.nlm.nih.gov/pubmed/16533415
http://www.ncbi.nlm.nih.gov/pubmed/24462477
http://www.ncbi.nlm.nih.gov/pubmed/24462477
http://www.ncbi.nlm.nih.gov/pubmed/24462477
http://www.ncbi.nlm.nih.gov/pubmed/21114711
http://www.ncbi.nlm.nih.gov/pubmed/21114711
http://www.ncbi.nlm.nih.gov/pubmed/21114711
http://www.ncbi.nlm.nih.gov/pubmed/23850272
http://www.ncbi.nlm.nih.gov/pubmed/23850272
http://www.ncbi.nlm.nih.gov/pubmed/23850272
http://www.ncbi.nlm.nih.gov/pubmed/25114520
http://www.ncbi.nlm.nih.gov/pubmed/25114520
http://www.ncbi.nlm.nih.gov/pubmed/25114520
http://www.ncbi.nlm.nih.gov/pubmed/25114520
http://www.ncbi.nlm.nih.gov/pubmed/7083738
http://www.ncbi.nlm.nih.gov/pubmed/7083738
http://www.ncbi.nlm.nih.gov/pubmed/16549342
http://www.ncbi.nlm.nih.gov/pubmed/16549342
http://www.ncbi.nlm.nih.gov/pubmed/16549342
http://www.ncbi.nlm.nih.gov/pubmed/17052301
t
http://www.ncbi.nlm.nih.gov/pubmed/17052301
http://www.ncbi.nlm.nih.gov/pubmed/17052301
http://www.ncbi.nlm.nih.gov/pubmed/20546187
http://www.ncbi.nlm.nih.gov/pubmed/20546187
http://www.ncbi.nlm.nih.gov/pubmed/20546187
http://www.ncbi.nlm.nih.gov/pubmed/8194900
http://www.ncbi.nlm.nih.gov/pubmed/8194900
http://www.ncbi.nlm.nih.gov/pubmed/8194900
http://www.ncbi.nlm.nih.gov/pubmed/8194898
http://www.ncbi.nlm.nih.gov/pubmed/8194898
http://www.ncbi.nlm.nih.gov/pubmed/8194898
http://www.ncbi.nlm.nih.gov/pubmed/2661160
http://www.ncbi.nlm.nih.gov/pubmed/2661160
http://www.ncbi.nlm.nih.gov/pubmed/2661160
http://www.ncbi.nlm.nih.gov/pubmed/8368634
http://www.ncbi.nlm.nih.gov/pubmed/8368634
http://www.ncbi.nlm.nih.gov/pubmed/8368634
http://www.ncbi.nlm.nih.gov/pubmed/17294451
http://www.ncbi.nlm.nih.gov/pubmed/17294451
http://www.ncbi.nlm.nih.gov/pubmed/17294451
http://www.ncbi.nlm.nih.gov/pubmed/17294451
http://www.ncbi.nlm.nih.gov/pubmed/3411786
http://www.ncbi.nlm.nih.gov/pubmed/3411786
http://www.ncbi.nlm.nih.gov/pubmed/3411786
http://www.ncbi.nlm.nih.gov/pubmed/3411786
http://www.ncbi.nlm.nih.gov/pubmed/11051258
http://www.ncbi.nlm.nih.gov/pubmed/11051258
http://www.ncbi.nlm.nih.gov/pubmed/11051258
http://www.ncbi.nlm.nih.gov/pubmed/22587885
http://www.ncbi.nlm.nih.gov/pubmed/22587885
http://www.ncbi.nlm.nih.gov/pubmed/22587885
http://www.ncbi.nlm.nih.gov/pubmed/12242524
http://www.ncbi.nlm.nih.gov/pubmed/12242524
http://www.ncbi.nlm.nih.gov/pubmed/12242524
http://www.ncbi.nlm.nih.gov/pubmed/7587428
http://www.ncbi.nlm.nih.gov/pubmed/7587428
http://www.ncbi.nlm.nih.gov/pubmed/7587428
http://www.ncbi.nlm.nih.gov/pubmed/18079226
http://www.ncbi.nlm.nih.gov/pubmed/18079226
http://www.ncbi.nlm.nih.gov/pubmed/18079226
http://www.ncbi.nlm.nih.gov/pubmed/9517586
http://www.ncbi.nlm.nih.gov/pubmed/9517586
http://www.ncbi.nlm.nih.gov/pubmed/9517586

	Corresponding author
	Abstract
	Keywords
	Introduction
	Methods
	Subjects
	Imaging criteria

	Data analysis
	Results
	Figure 1
	Figure 2
	Discussion
	References

