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Abstract

Objectives We retrospectively analyzed the prognostic
significance of preoperative serum Krebs von den Lungen-
6 (KL-6) level in non-small cell lung cancer (NSCLC)
patients.

Methods We enrolled 175 NSCLC patients who underwent
curative surgery between 2009 and 2011. We subdivided
the patients into 2 groups: with and without interstitial lung
disease (ILD). Prognostic significance of serum KL-6 level
was examined.

Results The 5-year survival of patients with high serum
KL-6 level was poor. Multivariate analysis also revealed
the prognostic significance of serum KL-6 level. Serum
KL-6 level was also a prognostic factor for patients without
ILD. Although the number of patients with ILD was small,
in patients with ILD, there was a trend towards an asso-
ciation between serum KL-6 level and patients’ prognosis
but this did not reach statistical significance.

Conclusions Serum KL-6 level is a prognostic factor for
resected NSCLC patients, especially patients without ILD.
There is a possibility that serum KL-6 level is a prognostic
marker regardless of the presence of ILD.
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Introduction

Krebs von den Lungen-6 (KL-6) is a high molecular weight
glycoprotein classified as ‘‘Cluster 9 (MUC1)”’ of lung
tumor and differentiation antigens according to the findings
of immunohistochemical and flow cytometry studies [1, 2].
KL-6 is also known to be expressed in regeneration of type
II pneumocytes [3] and has been reported to serve as a
sensitive serum marker for interstitial lung disease (ILD)
and is now clinically used to detect the presence of ILD
[4, 5].

However, recent studies have suggested that it can
also be used as a tumor marker as its origin shows [6].
Some previous studies also showed that serum KL-6
level is useful for predicting survival of non-small cell
lung cancer (NSCLC) patients who have undergone
curative surgery [7, 8]. It has been well accepted that the
prognosis of NSCLC patients with ILD was poor [9, 10].
Since serum KL-6 level has been reported to serve as a
sensitive serum marker for ILD, there is a possibility that
the reason for poor prognosis of patients with high serum
KL-6 level might be due to the presence of ILD. To our
knowledge, only one study examined the prognostic
significance of serum KL-6 level in NSCLC patients
with or without ILD [11]. However, the ratio of patients
who underwent surgery was only 27.4 % in their study
population [11].

Therefore, in the present study, we also subdivided the
patients into 2 groups: with and without ILD, and investi-
gated the significance of serum KL-6 level in NSCLC
patients who underwent curative surgery.
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Patients and methods

This retrospective study had institutional review board
approval, and the need to obtain patient consent was
waived. Consecutive NSCLC patients who underwent
surgery from 2009 to 2011 in our hospital were enrolled in
the present retrospective study. The following patients
were excluded: (1) patients who had not received complete
resection which consisted of either a lobectomy or a
pneumonectomy together with the regional lymph nodes
dissection, (2) patients who had not examined preoperative
serum KL-6 level, (3) patients who died of other diseases
after surgery, and (4) patients who lost to follow-up. One
hundred and seventy-five consecutive resected NSCLC
patients were enrolled in the present retrospective study.
The clinicopathological factors of patients are shown in
Table 1. The cutoff value of serum KL-6 was 500 U/mL.

Table 1 Comparison of clinical characteristics

Serum KL-6 level

Normal High p value

Age
<65 44 1 0.1196
>65 116 14

Gender
Male 85 9 0.7878
Female 75 6

Histology
Adenocarcinoma 120 10 0.5384
Others 40 5

Smoking status
Never 69 9 0.2787
Current/former 91 6

p stage
1 120 13 0.527
TI-111 40 2

pT status
pT1 111 12 0.5575
pT2-3 49 3

pN status
pNO 137 14 0.6969
pN1-2 23 1

ILD
With 9 5 0.0029
Without 151 10

CEA
Normal 122 7 0.0266
High 38 8

KL-6 Krebs von den Lungen-6, /LD interstitial lung disease, CEA
carcinoembryonic antigen
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The time interval between preoperative serum KL-6
examination and surgical resection was less than 2 weeks
in all the patients. The postoperative serum KL-6 level was
also measured during 1-2 months after surgery for patient
with preoperative high serum KL-6 level. Preoperative
chest conventional or high-resolution computed tomogra-
phy (HRCT) was evaluated to examine not only the extent
of cancer but also the existence of ILD in all cases. ILD
was defined by medical history, physical examination, and
abnormalities compatible with bilateral lung fibrosis on
chest computed tomography (CT) or HRCT, such as
peripheral reticular opacities. When the chest CT, reviewed
by radiologists, revealed such abnormalities, patients were
referred to pulmonologists and the existence of ILD was
evaluated preoperatively [12].

Pathological (p) tumor—node-metastasis (TNM) staging
was recorded in all patients based on the 7th edition of the
American Joint Committee on Cancer (AJCC)/Union for
International Cancer Control (UICC) classification. Fol-
low-up information, including cause of death, was ascer-
tained through a review of clinical notes and direct or
family contact. Comparisons of data between the two
groups were made using Fisher’s extract test. The disease-
specific survival curves of the patients were plotted using
the Kaplan—Meier method and analyzed using the log-rank
test. The Cox regression hazard model was used for uni-
variate and multivariate analyses to assess the prognostic
value of serum KL-6 level. Statistical calculations were
conducted with JMP 12.2.0 (SAS Institute Inc., Cary, NC,
USA) and values of p less than 0.05 were accepted as being
significant.

Results

There were only 15 patients with high serum KL-6. The
number of patients with ILD was also only 14 patients. As
shown in Table 1, serum KL-6 level was significantly
related with ILD and serum CEA level. However, age,
gender, histology, smoking status, pStage, pT status and pN
status were not.

The postoperative disease-specific 5-year survival rates
in patients with normal and high serum KL-6 level were
33.3 and 74.0 %, respectively (Fig. 1). This difference was
significant (p < 0.0001).

The result of univariate analysis is summarized in
Table 2. The gender, smoking status (never vs. former/
current), histology (adenocarcinoma vs. others), pT status
(pT1 vs. pT2-3), pN status (pNO vs. pN1-2), serum CEA
level (normal vs. high), serum KL-6 level (normal vs. high)
and ILD (with vs. without) were related to patient prog-
nosis. The result of multivariate analysis is also summa-
rized in Table 3. The histology (adenocarcinoma vs.
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1.0- Table 3 Multivariate analysis
Risk ratio 95 % CI p value
¢ 0.8~ Serum KL-6 Nomal
e E Gender
g 0.6 — Male vs. female 1.168 0499-2.882  0.727
s "'“'i Smoking
g 0.4 i.... Serum KL-6 High Never vs. current/former 0.657 0.280-1.505 0.324
§ eecseamasessenasece Histology
0.24 Adenocarcinoma vs. others  0.295 0.159-0.541 <0.0001
pT status
0.0 S S R R S B B S pT1 vs. pT2-3 0.718 0.361-1.444  0.350
0 10 20 30 4‘0 50 60 70 80 90 PN status
Duration (months)
pNO vs. pN1-2 0.226 0.106-0.485 <0.0001
Fig. 1 Survival of patients based on serum KL-6 level in all patients CEA
Normal vs. high 0.466 0.254-0.865 0.016
Table 2 Univariate analysis KL-6
Risk ratio 95 % CI » value Normal vs. high 0.293 0.130-0.703 0.007
ILD
Age Without vs. with 0.244 0.117-0.540  0.001
<65 vs. >65 0.895 0.462-1.620  0.724 ) . -
KL-6 Krebs von den Lungen-6, ILD interstitial lung disease, CEA
Gender carcinoembryonic antigen, CI confidence interval
Male vs. female 2.752 1.553-5.143  <0.0001
Smoking
Never vs. current/former 0.387 0.207-0.686  <0.0001
Histology For patients with preoperative high serum KL-6 level,
Adenocarcinoma vs. others  0.236 0.138-0.403 <0.0001  Postoperative serum KL-6 level was also examined. As
pT shown in Fig. 3, the postoperative serum KL-6 levels of all
pT1 vs. pT2-3 0371 0218-0.634 <0.0001  but I patient had decreased.
pN
pNO vs. pN1-2 0.293 0.166-0.543  <0.0001 . .
CEA Discussion
Normal vs. high 0.290 0.169-0.500  <0.0001 .
KL-6 In the present study, we showed that serum KL-6 level is an
Normal vs. high 0.266 0.139-0.561  <0.0001 independent prognostic fact(.)r in NSCLC patients. This
LD result supports the hypothesis that KL-6 can serve as a
Without vs. with 0.245 01310502  <0.0001 prognostic biomarker for NSCLC although the number of

KL-6 Krebs von den Lungen-6, ILD interstitial lung disease, CEA
carcinoembryonic antigen, CI confidence interval

others), pN status (pNO vs. pN1-2), serum CEA level
(normal vs. high), serum KL-6 level (normal vs. high) and
ILD (with vs. without) were related to patient prognosis.

In patients without ILD, serum KL-6 level was also a
prognostic factor (40.0 vs. 77.2 %, p = 0.0047, Fig. 2a).
On the other hand, in patients with ILD, there was a trend
towards an association between serum KL-6 level and
patients’ prognosis but this did not reach statistical sig-
nificance (p = 0.063, Fig. 2b), although the number of
patients with ILD was small.

patients with high serum KL-6 level was small. The
prognostic roles of serum KL-6 level for various cancers,
including pancreas, breast, colon, and hepatocellular car-
cinomas have been also reported previously [13-17].

KL-6 has been known to be expressed in regeneration of
type II pneumocytes [3]. A question regarding whether the
origin of serum KL-6 level of NSCLC patients is associ-
ated with tumors may be raised. Tanaka et al. [8] showed
that serum KL-6 levels were found to decrease dramati-
cally after surgical resection of primary tumors. Our result
also showed that serum KL-6 levels decreased after sur-
gical resection. Tanaka et al. [8] also reported that KL-6
was immunohistochemically detectable in all of the ana-
lyzed NSCLC tissues. These results strongly suggest that
the primary tumor was the origin of serum KL-6 level in
NSCLC patients.
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Fig. 2 Survival of patients based on serum KL-6 level in patients without interstitial lung disease (a) and with interstitial lung disease (b)
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Fig. 3 Pre- and postoperative serum KL-6 level in patients with
preoperative high serum KL-6 level

The reason why serum KL-6 level can serve as a
prognostic biomarker in NSCLC patients who undergo
curative surgery has been unknown in detail. KL-6 is
classified as a MUCI1 mucin and Xu et al. [18] reported a
result of a meta-analysis and concluded that MUCI
detection has a prognostic value in patients with epithelial-
originated cancers, especially in NSCLC and gastroin-
testinal cancers. Furthermore, Nagai et al. [19] showed that
MUCI expression pattern was correlated with tumor dif-
ferentiation and postoperative survival in NSCLC.
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Therefore, serum KL-6 level might reflect the degree of
tumor aggressiveness at least in part.

In a review of several earlier studies, the overall fre-
quency of ILD in lung cancer has been reported as
approximately 2-3 % [20, 21], with some variation across
studies. In our series, ILD was found in 8 % (14/175) of
patients, and slightly higher than the frequency reported in
previous studies. This might be due to the patients’ selec-
tion bias. Our study was limited to the patients who
examined the serum KL-6 level preoperatively. Recently,
we routinely examined the preoperative serum KL-6 level
in all NSCLC patients, but we did not necessarily examine
serum KL-6 level during the period of the present study.

It has been well accepted that the prognosis of NSCLC
patients with ILD was poor [9, 10, 12]. We also showed the
similar result. Sato et al. [10] retrospectively analyzed data
from 1763 patients with NSCLC with a clinical diagnosis
of ILD who underwent pulmonary resection between 2000
and 2009 at 61 Japanese institutions. They reported that the
overall 5-year survival was 40 % and the 5-year survivals
were 59, 42, 43, 29, 25, 17, and 16 % for patients with
stage la, Ib, Ila, IIb, IIla, IIIb, and IV, respectively [10].
Since serum KL-6 level has been reported to serve as a
sensitive serum marker for ILD, there is a possibility that
the reason for poor prognosis of patients with high serum
KL-6 level might be due to the presence of ILD. However,
our result of multivariate analysis showed the independent
prognostic significance of serum KL-6 level. Therefore,
serum KL-6 might have a role as a tumor marker in
addition to serum marker for ILD.

In our results, serum KL-6 level was a prognostic
marker in NSCLC patients without ILD. In other words,
serum KL-6 level might play a role as a tumor maker in
NSCLC patients without ILD. On the other hand, the
evaluation of serum KL-6 level in NSCLC patients with
ILD is difficult. When NSCLC patients with ILD have high
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serum KL-6 level, it is difficult to distinguish whether high
serum KL-6 level means as an ILD marker or a tumor
marker. Thus, we subdivided the patients into 2 groups:
with and without ILD, and investigated the significance of
serum KL-6 level in NSCLC patients. Although the num-
ber of NSCLC patients with ILD in the present study was
small, there was a trend towards an association between
serum KL-6 level and patients’ prognosis but this did not
reach statistical significance in NSCLC patients with ILD.
This might be due to the small number of NSCLC patients
with ILD. Therefore, there is a possibility that serum KL-6
level is a prognostic marker regardless of the presence of
ILD. Further studies in this area are warranted.

There were some limitations in the present study. The
study was retrospective and the number of patients with
high serum KL-6 level was small. There is a possibility that
our data have no statistical meanings because of small
number of patients. However, we showed a clear tendency
of the association between KL-6 and patients’ prognosis.
We believe that this result is meaningful. Therefore, a large
cohort study will be required to confirm our results.

Conclusions

In conclusion, serum KL-6 level is a prognostic factor for
resected NSCLC patients. Although the number of NSCLC
patients with ILD in the present study was small, there was
a trend towards an association between serum KL-6 level
and patients’ prognosis in NSCLC with ILD. Therefore,
there is a possibility that serum KL-6 level is a prognostic
marker regardless of the presence of ILD.
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