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Table 5: Five-year overall survival rates of patients
according to interval between gastric cancer and lung
cancer

Interval (years) N 5-year OS (%) P-value®
<Tvs>1 31/69 68.3vs79.8 0.897
<2vs>2 39/61 77.2vs759 0.965
<3vs>3 49/51 78.7vs 74.7 0.519
<5vs>5 62/38 759vs77.2 0.9

OS: overall survival.
L og-rank test.

Several reports 3, 13, 14] have suggested that the incidence
of early-stage lung cancer is higher in patients with previous ma-
lignancy because of follow-up assessments after treatment for ma-
lignant tumours. Quadrelli et al. [3] described that patients with a
previous malignancy were more frequently diagnosed at Stage |
than those without a previous malignancy. One study found a 72%
likelihood of developing Stage !+1l lung cancer as a second
primary tumour [13]. However, the present study found no signifi-
cant differences in the clinical stages of lung cancer between the
PGC and NGC groups. This is because about 40% patients with a
history of gastric cancer had been surgically treated for lung
cancer over 5 years after undergoing treatment for gastric cancer.
These findings indicate that the frequency of routine follow-up
was insufficient for many of these patients.

We found that the interval between gastric cancer and lung
cancer did not influence the prognosis. A previous multivariate
analysis [13] also found that the disease-free interval between the
appearance of the first and the primary tumours does not signifi-
cantly impact the survival of patients with lung cancer as a second
primary malignancy. Thus, a previous controllable malignancy
seems not to substantially influence the prognosis of lung cancer.

We also found a higher ratio of older and male patients in the
PGC, than in the NGC group, which was consistent with published
findings [1, 2, 11, 15]. Since cancer incidence increases with age,
patients with a second primary malignancy are often older [1, 2,
11]. The incidence of secondary primary cancers is high in patients
with lung, colorectal, hepatic and gastric cancers that are common
among Japanese males [16]. Information about smoking was not
available, but we are aware that smoking is an important factor in
the development of lung and gastric cancers [17], and it is a poten-
tial risk factor for the development of a second tumour [18, 19].

The present study has some limitations. The retrospective design
is one and another is the selection bias imposed by not including
patients whose surgeons found no indication for surgically treating
lung cancer due to the patient having had previous gastric cancer.
Cox regression analysis did not reveal previous gastric cancer as a
significant factor. Regardless, our findings suggested that if surgeons
considered that a previous gastric cancer had been controllable,
then it minimally influenced the prognosis of patients with lung
cancer. However, the upper limit of the 95% Cl was broad, and we
should interpret this conclusion to allow the exclusion of only the
effect of a history of gastric cancer history beyond a HR of 1.92.

In summary, we showed that a history of treatment for gastric
cancer had low impact on postoperative survival after complete
surgical resection of a second lung cancer and that no factor

associated with gastric cancer influenced the surgical outcomes of
lung cancer. Curative surgery for lung cancer should be recom-
mended when gastric cancer has been curatively treated regardless
of the interval between the onset of both types of cancer.
Furthermore, patients with Stage | gastric cancer in particular might
be considered suitable for inclusion in clinical trials. Patients with
previous gastric cancer and other types of cancer should be pro-
spectively investigated in the future.

Conflict of interest: none declared.
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M any studies on predictive factors of recurrence have
been carried out in NSCLC of various pathological
stages. In particular, the pathological N factor, especially
mediastinal lymph node metastasis (N2), has been considered
an important predictor of recurrence.'’’ The risk of distant
metastasis and recurrence in patients with N2 in NSCLC is
extremely high, and patients with N2 have a poor prognosis.
The 5-year survival rate for pathological N2 NSCLC is report-

edly 33.4%.%

Adenocarcinoma is the most common type of NSCLC, and a
number of articles have discussed predictive factors of recur-
rence and prognosis. Squamous cell carcinoma is the second
most common type, and the prognosis of patients with SqCC
is more unfavorable than that for patients with adenocarcinoma
because few anticancer drugs are available for treatment and
the effects of these drugs are insufficient if the patients
develop recurrence after surgery.®* Moreover, information
about predictive factors of recurrence is very limited. For this
reason, the clinicopathological factors influencing recurrence in
SqCC, particularly in the pathological N2 group which has a

high risk of recurrence. need to be investigated.

Cancer tissue is composed of not only cancer cells, but also
different kinds of stromal cells that are known as CAFs,

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd

on behalf of Japanese Cancer Association.

Patients with mediastinal lymph node metastasis (N2) in squamous cell carcinoma
(5qCC) of the lung have poor prognosis after surgical resection of the primary
tumor. The aim of this study was to clarify predictive factors of the recurrence of
pathological lung SqCC with N2 focusing on the biological characteristics of both
cancer cells and cancer-associated fibroblasts (CAFs) in primary and metastatic
lymph node tumors. We selected 64 patients with pathological primary lung N2
SqCC who underwent surgical complete resection and investigated the expres-
sions of four epithelial-mesenchymal transition-related markers (caveolin, cluster-
in, E-cadherin, ZEB2), three cancer stem cell-related markers (ALDH-1, CD44
variant6, podoplanin) of cancer cells, and four markers of CAFs (caveolin, CD90,
clusterin, podoplanin) in both primary and matched metastatic lymph node
tumors in the N2 area. In the primary tumors, the expressions of all the examined
molecules were not related to recurrence. However, in the metastatic lymph node
tumors, high clusterin and ZEB2 expressions in the cancer cells and high podopla-
nin expression in the CAFs were significantly correlated with recurrence (P = 0.03,
0.04, and 0.007, respectively). In a multivariate analysis, only podoplanin expres-
sion in the CAFs in metastatic lymph node tumors was identified as a signifi-
cantly independent predictive factor of recurrence (P = 0.03). Our study indicated
that the immunophenotypes of both cancer cells and CAFs in metastatic lymph
node tumors, but not primary tumors, provide useful information for predicting
the recurrence of pathological N2 lung SqCC.

tumor-associated macrophages, and immunoregulatory cells.
The malignancy of cancer is not defined only by cancer cells.
Biological analyses of non-cancer cells surrounding the cancer
cells are also required, and their importance has been sup-
ported by many articles in recent years.>®

To gain insight into the mechanism of cancer progression,
the microenvironment of cancer at metastatic sites, in addition
to primary sites, needs to be understood to determine the
molecular mechanisms of cancer progression. At metastatic
sites as well, cancer tissue is composed of not only cancer
cells, but also the surrounding CAFs and other stromal cells
such as lymphocytes and monocytes/macrophages. We previ-
ously reported that the presence of podoplanin-positive CAFs
in metastatic lymph nodes, but not in primary tumors, pre-
dicted poor prognosis in pathological N2 stage III lung adeno-
carcinoma, suggesting that the biological characteristics of the
cancer tissue in the metastatic lymph nodes may be more pre-
dictive of recurrence than that in the primary cancer tissue.'”

The aim of this study was to identify how the immunopheno-
typic features of cancer cells and infiltrating CAFs in primary
tumors and metastatic lymph node tumors could be correlated
with recurrence for patients with pathological N2 SqCC. As for
cancer cells, we focused on the cancer-initiating cell/cancer
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stem cell and EMT-related molecules. In addition, we investi-
gated the presence of CAFs with a tumor-promoting phenotype.

Materials and Methods

Subjects. A total of 546 consecutive patients with primary
lung SqCC underwent surgical complete resection between
July 1992 and December 2009 at the National Cancer Center
Hospital East (Chiba, Japan). We excluded patients who did
not undergo a standard operation or who had other cancers
from the analyses. The number of pathological NO, NI, and
N2 cases was 357 (65.4%). 125 (22.9%), and 64 (11.7%),
respectively. The 3-year recurrence-free survival (RFS) rate
and the 3-year overall survival rate of each group were signifi-
cantly different (P < 0.01) (Table S1). Sixty-four cases with
pathological N2 disease were enrolled in this study, and the
median follow-up time was 5.3 years. The study was approved
by the Ethics Committee of our institution.

Histological studies. The surgical specimens were fixed in
10% formalin or 100% methyl alcohol and embedded in paraf-
fin. The tumors were cut into 5-10-mm thick slices, and serial
4-um sections were stained using H&E. We counted the number
of metastatic lymph nodes in the N2 area and measured the area
of maximum metastatic lymph node tumors under a light micro-
scope.

Immunofluorescence staining. Immunostaining was carried
out using 4-um paraffin-embedded tissue serial sections. The
slides were deparaffinized in xylene and dehydrated in a
graded ethanol series, and endogenous peroxidase was blocked
with 3% hydrogen peroxide in 100% methyl alcohol. After
epitope retrieval, the slides were incubated with mouse anti-
AE1/3 antibody (Leica Biosystems, Newcastle Upon Tyne,
UK) for cancer cells and rabbit polyclonal anti-a-SMA anti-
body (Lab Vision, Fremont, CA, USA) for CAFs. Alexa Fluor
488 goat anti-mouse IgG and Alexa Fluor 546 goat anti-rabbit
IgG (Invitrogen, Carlsbad, CA, USA) were used as the second-
ary antibody. Before mounting, all the sections were stained
with DRAQSTM (Alexis Biochemical, Lausen, Switzerland) to
identify nucleated cells. After mounting, the fluorescent signals
were analyzed using a BZ-9000 fluorescence microscope
(Keyence, Osaka, Japan).

Antibodies and immunohistochemical staining. Information
regarding the antibodies used in this study is shown in Table S2.
Caveolin (clone D46G3; Cell Signaling, Danvers, MA,
USA),<8‘9) clusterin (clone [All; Acris Antibodies, Herford,
Germany),'%'" E-cadherin (clone 36; BD Biosciences, San
Jose, CA, USA),"*!¥ and ZEB2 (Novus Biologicals, Littleton,
CO, USAY™*!3 were used as EMT-related markers. To evalu-
ate the expression of cancer stem cell-related molecules, we
used ALDH-1 (clone 44/ALDH; BD Biosciences),"'®!” CD44
variant 6 (clone VFF-7; Acris Antibodies),"'® and podoplanin
(clone D2-40; Signet Antibodies, Princeton, NJ, USA).'92»
To evaluate tumor-promoting CAFs, we used caveolin,™’ clus-
terin.®* CD90 (Atlas Antibodies, Stockholm, Sweden),*™ and
podoplanin.® 7:26-28) After epitope retrieval, immunohistochem-
ical staining was carried out as previously reported.® "

Immunohistochemical scoring. All the stained tissue sections
were semiquantitatively scored and evaluated independently
under a light microscope by two pathologists (R.M. and G.I.)
who had no knowledge of the patients’ clinicopathological
data. The labeling scores for cancer cells were calculated by
multiplying the percentage of positive cancer cells per lesion
(0-100%) by the staining intensity level (0, negative; 1, weak;
2, strong). Staining intensity 2 (strong) was defined as intensity

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.
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level equal to positive control. Staining intensity 1 (weak) was
defined as intermediate staining. We selected the median score
to define high and low staining. A high staining score was
defined as a score above the median value; a low score was
defined as a score below the median value.

Cancer-associated fibroblasts were defined as stromal spindle
cells that were morphologically identified as fibroblasts. As for
the CAFs, cases with positive-stained spindle-shaped cells
accounting for more than 10% of the cells in the cancer stroma
were identified as the high expression group.

Statistical analysis. Recurrence-free survival was defined as
the time from surgery until the time of the tumor recurrence or
the date of the last follow-up. The survival curves were esti-
mated using the Kaplan-Meier method, and the differences in
survival between the subgroups were compared using the log—
rank test. A multivariate analysis was carried out using the
Cox proportional hazard model. The significance level was set
at P < 0.05. Statistical analysis software (Stat View, version
5.0, SAS Institute Inc., Cary, NC, USA) was used to carry out
the analyses.

Results

Patient characteristics and pathological factors of primary
tumors. Univariate analyses of the clinical factors and the
pathological factors in the primary tumors were carried out. A
higher smoking index (>1000) was significantly correlated with
a shorter interval until recurrence (Table 1). The other patho-
logical factors were unrelated to recurrence.

Pathological factors of metastatic lymph node tumors. We car-
ried out univariate analyses of pathological factors, the number
of metastatic lymph nodes, and the station of N2. In addition,
we measured the area of the metastatic lymph node tumor
under a light microscope and univariate analysis was carried
out (Table 2). However, the differences were not significant.

Cancer-associated fibroblasts in metastatic lymph node tumors.
We confirmed that spindle cells had infiltrated the area around
the cancer cells in the metastatic lymph node tumors, similar
to the situation for the primary tumors (Fig. 1a,b). Double
immunofiuorescence staining revealed that the cancer cells
were positive for AE1/3 (green) and that the spindle cells

Table 1. Univariate analysis of clinicopathological factors for
recurrence-free survival (RFS) in patients with resected pathological
N2 squamous cell carcinoma of the fung (n = 64)

Factor No. 3-Year RFS, % P-value
Gender

Male/female 60/4 35.9/50.0 0.70
Age, years

<65/>65 29/35 40.6/33.2 0.68
Smoking index

<1000/>1000 39,25 49.2/22.2 0.017
Pathological T status

T1/72-T4 42/22 40.0/33.9 071
Vascular invasion

v(=)/v(+) 11/53 40.0/33.5 0.37
Lymphatic pemeation

ly(=)/ly(+) 35/29 47.2/29.6 0.58
Pleural invasion

pl(=)/pl{+) 28/36 42.3/30.6 0.25
iSignificance.
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Table 2. Univariate analysis of pathological factors in metastatic
lymph node tumors for recurrence-free survival (RFS) in patients with
resected pathological N2 squamous cell carcinoma of the lung
(n = 64)

Factor No. 3-Year RFS, % P-value
No. of metastatic lymph nodes of N2 area

1/>1 10/54 48.1/30.3 0.22
Station of N2

Single/multiple 46/18 41.6/32.4 0.62
Area of the metastatic foci, mm?

<84/>84 31/33 31.9/289 0.46

were positive for x-SMA (red), indicating that these cells were
myofibroblasts (Fig. lc,d). From these results, we confirmed
that CAFs had also infiltrated the metastatic lymph node
tumors, similar to the results of our previous study.!”
Correlation between immunohistochemical staining of cancer
cells and CAFs in primary tumors and prognostic impact. As for
the cancer cells, we evaluated the expressions of ALDH-1,
caveolin, CD44 variant 6, clusterin, E-cadherin, podoplanin,
and ZEB2 (Table 3). In addition, the expressions of caveolin,
CD90, clusterin, and podoplanin were analyzed in the CAFs.

Fig. 1. Staining  with H&E  and  double
immunofluorescence staining of tumor cells in a
primary and a metastatic lymph node tumor in a
patient with squamous cell carcinoma of the lung. (a,
b) H&E staining in the primary tumor (a) and the
metastatic lymph node tumor (b). Arrows indicate
cancer-associated fibroblasts (CAFs). (¢) Double
immunofluorescence staining in the primary tumor.
Blue, nucleus; green, AE1/3-positive cancer cells; red,
a-smooth  muscle actin-positive  myofibroblasts
(CAFs). (d) Double immunofluorescence staining in
the metastatic lymph node tumor. Blue, nudleus;
green, AE1/3-positive cancer cells; red, a-smooth
muscle actin-positive myofibroblasts (CAFs).
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None of the expressions of any of the examined molecules in
the primary tumors were related to recurrence.

Correlation between immunohistochemical staining of cancer
cells and CAFs in metastatic lymph node tumors and prognostic
impact. We carried out univariate analyses in the metastatic
lymph node tumors (Table 4). A high clusterin expression
level in cancer cells was observed in 24 cases (38%) (Fig. 2a,b).
The 3-year RFS rate of cases with a high clusterin expression
level was 28.6%, whereas that of cases with a low clusterin
expression level was 45.2%. The difference between the two
groups was significant (P = 0.04; Fig. 3a).

A high ZEB?2 expression level in cancer cells was observed in
16 cases (25%) (Fig. 2c,d). Figure 3(b) shows the Kaplan-Meier
curve for RFS in patients with pathological N2 SqCC according
to the expression status of ZEB2 in the cancer cells. The 3-year
RFS rate of cases with a high ZEB?2 expression level was 15.6%,
while that of cases with a low ZEB2 expression level was
46.3%. High ZEB2 expression in cancer cells in metastatic
lymph node tumors was significantly correlated with a shorter
interval until recurrence, compared with low ZEB2 expression
in the cancer cells (P = 0.03; Fig. 3b).

A high podoplanin expression level in the CAFs was
observed in 27 cases (42%) (Fig. 2e.f). The 3-year RFS rate of
cases with a high podoplanin expression level was 19.8%,
while that of cases with a low podoplanin expression level was

Primary tumor Metastatic lymph node tumor
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Table 3. Univariate analysis of immunochemical staining of (a) cancer
cells and (b) cancer-associated fibroblasts in primary tumors in patients
with resected pathological N2 squamous cell carcinoma of the lung
(n = 64)

Antibodies Median  ih Low  3-Year RFS, %  Povalue
score
(@
EMT-related molecules
Caveolin 0 29 34 High, 47.2 0.34
Low, 32.0
Clusterin 10 34 30 High, 33.3 0.12
Low, 45.2
E-cadherin 48 32 32 High, 39.9 0.87
Low, 34.4
ZEB2 0 33 31 High, 40.1 0.79
Low, 36.1
Stem cell-related molecules
ALDH-1 123 32 32 High, 32.3 0.21
Low, 45.1
CD44 variant 6 65 32 32 High, 32.5 0.60
Low, 41.4
Podoplanin 10 30 34 High, 48.0 0.15
Low, 28.9
Antibodies High Low 3-Year RFS, % P-value
(b)
Cancer-associated fibroblasts
Caveolin 29 35 High, 35.6 0.98
Low, 39.3
CD30 55 9 High, 35.8 0.23
Low, 44.4
Clusterin 45 18 High, 38.8 0.88
Low, 31.0
Podoplanin 47 17 High, 33.8 0.12
Low, 52.3

EMT, epithelial-mesenchymal transition; RFS, recurrence-free survival;
RFS, recurrence-free survival.

52.6%. High podoplanin expression in the CAFs in metastatic
lymph node tumors was significantly correlated with a shorter
interval until recurrence, compared with low podoplanin
expression in the CAFs (P = 0.007, Fig. 3c).

The expressions of clusterin and ZEB2 in cancer cells and
the expression of podoplanin in CAFs in metastatic lymph
node tumors were significantly correlated with those in the pri-
mary tumors (Table S3).

Multivariate analyses to identify factors significantly associated
with recurrence. A multivariate analysis using the Cox propor-
tional hazard model was carried out to determine the recur-
rence of conventional clinicopathological factors (Table 5).
Only podoplanin expression in CAFs in metastatic lymph node
tumors was identified as a significantly independent predictor
of RFS (P = 0.03).

Discussion

This is the first report to discuss the prognostic importance of
the tumor microenvironment of metastatic lymph node tumors.
In this study, we identified clusterin and ZEB2 expression in
cancer cells and podoplanin expression in CAFs in metastatic
lymph node tumors as significant predictive factors of recurrence
in patients with pathological N2 SqCC. However, none of the

®© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.
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Table 4. (a) Univariate analysis of immunochemical staining of cancer
cells in metastatic tumors in patients with resected pathological N2
squamous cell carcinoma of the lung (n = 64); (b) Univariate analysis of
immunochemical staining of cancer-associated fibroblasts in metastatic
lymph node tumors in patients with resected pathological N2
squamous cell carcinoma of the lung

Antibodies Median score High Low 3-Year RFS, % P-value
(a)
EMT-related molecules
Caveolin 0 21 43 High, 45.4 0.60
Low, 32.8
Clusterin 0 24 40  High, 28.6 0.04+
Low, 45.2
E-cadherin 30 31 33 High, 44.7 0.30
Low, 32.7
ZEB2 0 16 48  High, 15.6 0.03+
Low, 46.3
Stem cell-related molecules
ALDH-1 128 32 32 High, 344 0.20
Low, 45.1
CD44 variant 6 30 33 31 High, 32.3 0.35
Low, 42.3
Podoplanin 0 17 47  High, 43.0 0.60
Low, 34.7
Antibodies High Low 3-Year RFS,% P-value
(b)
Cancer-associated fibroblasts
Caveolin 3 61 High, 33.3 0.750
Low, 39.2
CD90 32 32 High, 37.5 0.260
Low, 39.1
Clusterin 24 40 High, 28.7 0.210
Low, 43.7
Podoplanin 27 37 High, 19.8 0.007+
Low, 52.6

tSignificance, EMT, epithelial-mesenchymal transition; RFS, recur-
rence-free survival; RFS, recurrence-free survival.

expression levels of the molecules examined in the primary
tumors were significantly correlated with recurrence. Few stud-
ies to date have examined prognostic significance by considering
the biological characteristics of both the primary tumors and the
metastatic lymph node tumors in advanced-stage cases with
lymph node metastasis.*” Fukuse er al. reported that a high
expression level of proliferating cell nuclear antigen in both the
primary tumors and metastatic lymph node tumors was a signifi-
cant predictor of a poor prognosis in pathological N2
NSCLC.®? In addition, CAFs also reportedly exist in metastatic
lymph node tumors, and the EMT is influenced by CAFs.®!*2
We previously reported that the presence of podoplanin-positive
CAFs in metastatic lymph node tumors, but not in primary
tumors, predicted poor prognosis in patients with pathological
N2 stage III lung adenocarcinoma.”” Taken together, predictive
factors of recurrence in patients with lymph node metastasis
should be analyzed with due consideration given to the meta-
static tumor microenvironment.

We previously reported that the presence of podoplanin-posi-
tive CAFs in primary tumor is correlated with poorer prognosis
in stage I SqCC, which was inconsistent with the results of our
current study.(m This would also support the biological impor-
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Clusterin

ZEB2

Fig. 2. Immunohistochemical staining of tumor
cells in a primary tumor and a metastatic lymph
node tumor in a patient with squamous cell
carcinoma of the lung. (a,b) Clusterin expression of
cancer cells in the primary tumor (a) and the
metastatic lymph node tumor (b). (¢d) ZEB2
expression of cancer cells in the primary tumor (¢}
and the metastatic lymph node tumor (d). (ef)
Podoplanin  expression  of  cancer-associated
fibroblasts in the primary tumor (e} and the
metastatic lymph node tumor (f). Dotted lines show
the margin of the cancer cell nest.
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Fig. 3. Kaplan-Meier recurrence-free survival (RFS)
curve for patients with resected pathological N2
squamous cell carcinoma of the lung according to
immunohistochemical staining. (a) Kaplan-Meier
RFS curve according to clusterin expression of
cancer cells in metastatic lymph node tumors. (b)
Kaplan-Meier RFS curve according to ZEB2
expression of cancer cells in metastatic lymph node
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tance of cancer tissue in metastatic sites of advanced cancer (N2
disease).

Tumor metastasis has been postulated to start with EMTs, a
process through which a small number of tumor cells at the
primary site acquire a more invasive and metastatic phenotype.
After engraftment at metastatic sites, tumor cells with subse-
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Time after surgery (years)

quent mesenchymal-epithelial transitions, the reverse phenom-
enon of EMTs, develop metastatic tumors and recruit certain
sorts of CAFs. Thus, the microenvironment of metastatic
tumors created by cancer cells and surrounding CAFs might
differ from that of the primary tumors. This difference could
explain why the biological characteristics of metastatic lymph

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
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Table 5. Multivariate analysis of dinicopathological factors for
recurrence-free survival in patients with resected pathological N2
squamous cell carcinoma of the lung (n = 64)

Factor Hazard ratio (95% CI) P-value
Smoking index
>1000/<1000 1.92 (0.83-2.92) 0.17
Clusterin expression of cancer cells in metastatic lymph node tumors
High/low 1.55 (0.74-2.58) 0.30
ZEB2 expression of cancer cells in metastatic lymph node tumors
High/low 1.39 (0.96-3.82) 0.06
Podoplanin expression of CAFs in metastatic lymph node tumors
High/low 2.00 (1.08-3.72) 0.03%

+Significance. CAF, cancer-associated fibroblasts; Cl, confidence
interval.

node tumors were more strongly predictive of recurrence than
those of the primary tumors.

Podoplanin is 40-kD glycoprotein for type I transmembrane
sialomucin participating in platelet aggregation, invasion, and
metastasis of cancer. Recent studies. including some by our
group, have identified podoplanin as a marker of tumor-pro-
moting CAFs in lung adenocarcinoma, SqCC, and breast can-
cer‘(zézzg’w Our current study showed that the presence of
podoplanin-positive CAFs in metastatic lymph node tumors,
but not in primary tumors, participated in recurrence, similar
to the results observed for adenocarcinoma with N2 disease."”
The metastatic microenvironment created by both podoplanin-
expressing CAFs and cancer cells may confer an additional
malignant potential to metastasized cancer cells, such as
effects on migration, proliferation. and survival. Moreover,
podoplanin expression was the most significant predictor of
RES. Thus, consideration of the biological characteristics of
CAFs in metastatic lymph node tumors might be very impor-
tant for determining the likelihood of recurrence after surgery.

Clusterin, a stress-activated and apoptosis-associated molecu-
lar chaperone that confers survival and a proliferative advan-
tage to cancer cells, is an important mediator of the
transforming growth factor-B-induced EMT."'V Clusterin over-
expression in cancer cells upregulates metastasis and is related
to chemoresistance.'®*" ZEB2 is one of the transcription fac-
tors that regulates the expression of E-cadherin and mediates
the EMT. ZEB2 overexpression in the cancer cells of primary
tumors was reportedly correlated with a poor prognosis in sev-
eral types of cancers."** Kurahara er al."® reported that
pancreatic cancer cells in metastatic lymph node tumors
expressed high levels of ZEB1 and ZEB2, suggesting that
these cancer cells were associated with the EMT phenotype. In
the current study, high expression levels of the EMT-related
markers, clusterin and ZEB2 in cancer cells at metastatic
lymph node tumors were significantly correlated with a shorter
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time until recurrence. These findings suggest that the EMT
phenotypes of cancer cells that have detached from the pri-
mary tumors are likely to be an important determinant of the
development of remote metastasis.

The conversion to the EMT phenotype of cancer cells is
mediated by several factors, and E-cadherin is known to be an
EMT-related marker. In this study. a low E-cadherin expres-
sion level in cancer cells at metastatic lymph node tumors was
not correlated with recurrence. No inverse correlations between
clusterin or ZEB2 expression and E-cadherin expression in
metastatic lymph node cancer cells was seen (data not shown).
This discrepancy may be explained by the fact that the expres-
sion of E-cadherin is regulated not only by numerous EMT-
related transcription factors such as ZEB1, ZEB2. Twist, and
Snail, but also by epigenetic mechanisms.

In conclusion, we found that clusterin and ZEB2 expression
in cancer cells and podoplanin expression in CAFs in meta-
static lymph node tumors were significant predictive factors of
cancer recurrence. The prognostic importance of the microen-
vironment in primary tamors has already been reported for
early-stage cases, but the current study also suggests the need
to examine the microenvironment in metastatic lymph node
tumors in advanced-stage cases. Although a prospective study
with a larger number of patients and a multicenter study are
warranted, this study has important implications for investiga-
tions focusing on the microenvironment in metastatic lymph
node tumors, and should provide a significant indicator to
future directionality.
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Prognostic Impact of Microscopic Vessel Invasion and Visceral
Pleural Invasion in Non-Small Cell Lung Cancer

A Retrospective Analysis of 2657 Patients

Shinya Neri, MD,* Junji Yoshida, MD, PhD,* Genichiro Ishii, MD, PhD,| Yuki Matsumura, MD,*
Keiju Aokage, MD, PhD,* Tomoyuki Hishida, MD, PhD,* and Kanji Nagai, MD, PhD*

Objective: We aimed to assess the prognostic significance of microscopic
vessel invasion (MVI) and visceral pleural invasion (VPI) in non-small cell
lung cancer (NSCLC).

Background: VPI is included in the current tumor-node-metastasis (TNM)
classification in NSCLC; however, MV is not incorporated in TNM classifi-
cation.

Methods: From August 1992 to December 2009, 2657 consecutive patients
with pathological T1-4N0-2M0 NSCLC underwent complete resection. In
addition to conventional staging factors, we evaluated MV histologically and
analyzed its significance in NSCLC recurrence prognosis. The recurrence-free
period in several NSCLC subgroups was analyzed using the Kaplan-Meier
method and Cox regression analysis.

Results: The proportion of patients with a 5-year recurrence-free period was
52.6% and 87.5%, respectively, in those with and without MVI (£ < 0.001).
Multivariate analysis showed that MV], similarly to VPI, was found to be an
independently significant predictor of recurrence [hazard ratio (HR): 2.78]. In
particular, MV and VPI were the 2 strongest significant independent predic-
tors of recurrence in 1601 patients with pathological stage I disease treated
without adjuvant chemotherapy (HR: 2.74 and 1.84, respectively). In each T
subgroup analysis, evident and significant separation of the recurrence-free
proportion curves were observed among the 3 groups (VPI and MVI absent,
VPI or MVI present, and VPI and MVI present).

Conclusions: This study demonstrated that MVI was a significant inde-
pendent risk factor for recurrence in patients with a resected T1-4N0-2MO
NSCLC. Further data on MVI prognostic impact should be collected for the
next revision of the TNM staging system.

Keywords: non-small cell lung cancer, pleural invasion, vessel invasion

(Ann Surg 2014;260:383-388)

isceral pleural invasion (VPI), a pathological invasive finding, has
been reported to be a poor prognostic factor in patients with non--
small cell lung cancer (NSCLC)."* Therefore, VPI is incorporated
in the current seventh edition of the Union for International Cancer
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Control (UICC) tumor-node-metastasis (TNM) classification.> Re-
cent studies have demonstrated microscopic vessel invasion (MVI),
including blood vessel invasion (BVI) or lymphatic vessel invasion
(LVI), as a strong independent factor of poor prognosis in patients
with NSCLC.%° However, MVI has not been incorporated in TNM
classification.

In this study, we assessed the prognostic significance of MVI
in a large number of patients with pathological T1-4N0-2M0 NSCLC
who were treated in our institution and were investigated to eluci-
date whether or not MVI should be incorporated in the future TNM
classification.

METHODS

Patients

From August 1992 to December 2009, 2657 consecutive pa-
tients with pathological T1-4N0-2M0 NSCLC underwent complete
resection. We defined complete resection as a segmentectomy or
greater with systematic ipsilateral hilar and mediastinal lymph node
dissection. Patients who underwent induction chemotherapy or radio-
therapy and patients with evidence of residual tumor at the surgical
margin were excluded from the study. The tumors were staged accord-
ing to the seventh edition of the UICC TNM classification® and were
histologically subtyped and graded according to the World Health
Organization guidelines.!” Informed consent for the use and analyses
of clinical data was obtained preoperatively from each patient. The
institutional review board approved the study protocol. Collection
and evaluation of the clinical data were performed similarly to our
previous studies.!-!13

Histopathological Studies :

All surgical specimens were fixed in 10% formalin and embed-
ded in paraffin. Serial 4-pum sections were stained with hematoxylin
and eosin (H&E). BVI and VPI were evaluated by H&E and elastin
(Victoria blue—van Gieson) stains. LVI was evaluated by H&E and,
when necessary, by lymphatic endothelial (D2-40) stains. Blood ves-
sels were identified by the presence of erythrocytes in the lumen or
the presence of elastic tissue around larger vessels. Lymphatic vessels
were identified by exclusion: lacking of erythrocytes or the presence
of lymphatic endothelial layer or lymphocytes. The presence of BVI
or LVI was determined by identifying conspicuous clusters of in-
travascular cancer cells surrounded by blood or lymphatic vessels,
respectively (Figs. 1A, B, C, D). MVI was defined as the presence
of BVI and/or LVI. Pathological evaluation was reviewed for con-
sistency by a single pathologist (G.I.), and 1 or more pathologists
confirmed the diagnoses. All these pathologists were unaware of the
clinical data.

Patient Follow-up

We examined patients at outpatient clinics at 3-month in-
tervals for the first 2 years and at 6-month intervals thereafter.
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FIGURE 1. Microscopic findings of BVI (A and B) and LVI (C and D). A, BVI with H&E staining; B, BVl with Victoria blue-van Gieson
staining; C, LVl with H&E staining; and D, LVI with D2-40 staining. Scale bar, 100 um.

Follow-up evaluation included physical examination, chest radiog-
raphy, and blood examination (including pertinent tumor markers).
Further evaluations, including computed tomographic scans of the
chest and abdomen, brain magnetic resonance imaging, and bone
scintigraphy, were performed when symptoms or signs of recurrence
were detected. We used integrated positron emission tomography and
computed tomographic scan since 2004. Recurrent NSCLC was di-
agnosed by physical examination and diagnostic imaging of lesions
consistent with recurrent lung cancer. Diagnosis was histologically
confirmed when clinically feasible. The date of recurrence was de-
fined as the date of histological proof or the date of identification
by a physician in cases diagnosed on the basis of clinicoradiological
findings. In patients with recurrent lesions simultaneously diagnosed
at multiple sites, the site of main clinical interest was recorded.

Evaluation of Clinicopathological Factors

Clinical characteristics were retrieved from the clinical records
and our division database: age (dichotomized at the median age of 66
years), sex, smoking habits (non- or ever smoker), preoperative serum
level of carcinoembryonic antigen (CEA; cutoff at the normal upper
limit of 5 ng/mL), and pattern of failure. As described in the section
on histopathological studies, the following factors were reviewed and
confirmed by the pathologists: diameter of the tumor in the resected
specimens (<3 cm or >3 cm), histological type (adenocarcinoma
or nonadenocarcinoma), VPI (presence or absence defined using the
7th edition of TNM classification), MVT (presence or absence), and
lymph node metastasis (NO, N1, or N2, as defined using the seventh
edition of TNM classification).
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Statistical Analyses

Correlations between categorical outcomes were evaluated us-
ing the Fisher exact test. The overall survival time was measured from
the date of surgery to the date of death from any cause or last follow-
up. The length of the recurrence-free period was measured from the
date of surgery to the date of the first recurrence or last follow-up. For
the analysis of recurrence-free proportion, patients who died without
recurrence or who were known to have no recurrence at the date of last
contact were censored. Cumulative survival rates or recurrence-free
proportions were calculated by the Kaplan-Meier method, and the
differences in survival curves were compared using the log-rank test.
The Cox proportional hazard model was used in the univariate and
multivariate analyses of recurrence-free proportion. The significance
level was set at P < 0.05. All statistical analyses were performed us-
ing the statistical softwares SPSS 11.0 (SPSS Inc, Chicago, IL) and
JMP 9 (SAS Institute, Cary, NC).

RESULTS

Table | summarizes the patient characteristics. A total of
2657 patients [1697 men (63.9%) and 960 women (36.1%)] aged
between 29 and 89 years (median, 66 years) were enrolled in the
study. More than 90% of the patients underwent lobectomy, including
bilobectomy. Adenocarcinoma was the most common histological
finding (66.4%). The median follow-up period was 5.0 years. The
S-year overall survival rate for patients with MVI was 57.2%, which
was significantly lower than that for patients without MVTI (87.3%;
P < 0.001). Of the 2657 patients, 822 (30.9%) developed recurrence.
Recurrence was locoregional only in 344 patients and distant in 478

© 2014 Lippincott Williams & Wilkins
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TABLE 1. Clinicopathological Characteristics of All Stage
Patients With T1-4N0-2M0 NSCLC

Variable n (%)
Age, yrs

Median = 66 (range: 22-89)

<65 1284 (48.7)

>65 1354 (51.3)
Sex

Female 960 (36.1)

Male 1697 (63.9)
Smoking history

Never smokers 838 (31.6)

Ever smokers 1800 (67.7)

NA 19 (0.7)
CEA, ng/mL

<5 1697 (63.9)

>5 945 (35.6)

NA 15 (0.6)
Surgery

Segmentectomy 31(1.2)

Lobectomy 2497 (94.0)

Pneumonectomy 129 (4.9)
Histology

Adenocarcinoma 1764 (66.4)

Squamous cell carcinoma 605 (22.8)

Large cell carcinoma 145 (5.5)

Adenosquamous carcinoma 66 (2.5)

Others 77 (2.9)
Tumor size, cm

<3 1478 (55.6)

>3 1179 (44.4)
pN status

pNO 1958 (73.7)

pN1 390 (14.7)

pN2 309 (11.6)
VPI

Absent 1769 (66.6)

Present 888 (33.4)
MVI

Absent 1186 (44.6)

Present 1471 (55.4)

NA indicates not available.

TABLE 2. Initial Site of Failure in Patients With
Recurrence

Initial site of recurrence

No. No. Locoregional  Distant
Patients Recurrences  Only (%) (%) P
Overall 2657 822 344 (41.8) 478 (58.2)
MVI
Absent 1186 149 80 (53.7) 69 (46.3) 0.001
Present 1471 673 264 (39.2) 409 (60.8)

*Fisher exact test.

patients. Of the patients who developed recurrence, distant metastases
were found more frequently in patients with MVI (P < 0.001; Table 2).
The proportion of patients with MVI who had a S-year recurrence-
free period was 52.6%, which was significantly lower than that for
patients without MVI (87.5%; P < 0.001; Fig. 2).

Univariate analysis using the Cox regression model showed
that age, sex, smoking history, preoperative serum CEA level,

© 2014 Lippincott Williams & Wilkins
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FIGURE 2. Recurrence-free proportion curves of patients with
or without MVI.

histological type, tumor size, pathological nodal (pN) status, VPI,
and MVI were significantly associated with recurrence (Table 3).
Multivariate analysis showed that age, preoperative serum CEA level,
histological type, tamor size, pN status, VPI, and MVI were signifi-
cant independent predictors of recurrence (Table 3).

Table 4 shows the characteristics of the 1601 patients with
pathological stage I disease who did not receive cytotoxic adjuvant
chemotherapy. Clinicopathological risk factors for recurrence were
analyzed in these patients. Univariate analysis revealed that age, sex,
smoking history, preoperative serum CEA level, histological type, tu-
mor size, VPI, and MVI were significantly associated with recurrence,
whereas multivariate analysis showed that age, smoking history, VPI,
and MVI were significant independent predictors of recurrence (Table
5). The 2 strongest risk factors for recurrence were MVI and VPI with
hazard ratios (HRs) of 2.74 and 1.84, respectively.

We divided the cases into 4 groups according to the status of
VPI and MVL In the 4 groups with or without VPI/MVI (—/—, +/—,
—/+, and +/+), the proportion of patients with a 5-year recurrence-
free period were 91.7% (n = 925), 82.2% (n = 82), 77.4% (n = 373),
and 60.3% (n = 221), respectively (Fig. 3A). Because the difference
of recurrence-free proportion curves between the VPI+/MVI— and
VPI—-/MVI+ groups was not statistically significant (P = 0.177),
we divided the cases into 3 groups according to the number of the
risk factors for VPI and MVI (Fig. 3B). This showed a significant
separation in the recurrence-free proportion curves between these 3
groups: both VPI and MVI absent (0), either VPI or MVI present
(1), and both VPI and MVTI present (2). These findings were also
observed among the overall survival curves (Supplemental Figs 1A
and B, available at http://links.Iww.com/SLA/A545).

We then analyzed the recurrence-free proportion of patients
stratified by T subgroup according to tumor size (Tla, Tlb, T2a,
T2b, and T3; <2 cm, <3 cm, <5 cm, <7 cm, and >7 cm, respec-
tively) and VPI and MVI status (both absent, either present, or both
present; 0/1/2). All 13 patients with T4 disease had MVI and 12
had VPI. The proportion of patients with a 5-year recurrence-free
period with Tla_0, T1b_0, T2a_0, T2b_0, Tla_l, Tlb_1, T2a_lI,
T3_0, Tla_2, T1b_2, T3_1, T2b_1, T2b_2, T2a_2, T3_2, and T4
were 92.2%, 89.6%, 87.8%, 75.9%, 72.2%, 64.8%, 61.9%, 58.2%,
50.9%, 50.6%, 49.4%, 47.5%, 44.8%, 43.6%, 38.8%, and 32.4%,
respectively (Supplemental Figs. 2A, B, C, D, and E, available
at http://links.lww.com/SLA/A545). The groups with small tumor
size and no VPI and MVI (Tla_0, T1b_0, and T2a_0) showed the
best recurrence-free proportions. In contrast, the Tla_I, T1b_1, and
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TABLE 3. Prognostic Significance of Recurrence in All Patients with T1-4N0-2M0 NSCLC (Univariate and Multivariate Cox

Regression Analyses)

Univariate Analysis

Multivariate Analysis

Variable Risk Factors HR 95% CI P HR 95% CI P

Age, yrs >65 1.22 1.07-1.39 0.004 1.27 1.11-1.45 <0.001
Sex Male 1.41 1.22-1.63 <0.001 093 0.76-1.14 0476
Smoking history Ever smokers 1.51 1.30-1.76 <0.001 1.18 0.94-1.47 0.149
CEA, ng/mL >5 1.84 1.61-2.10 <0.001 1.23 1.07-1.42 0.003
Histology Nonadenocarcinoma 1.22 1.06-1.40 <0.001 1.40 1.20-1.63 <0.001
Tumor size, cm >3 2.37 2.07-2.71 <0.001 1.26 1.08-1.46 0.003
pN status pNI-2 4.40 3.85-5.04 <0.001 2.58 2.23-3.00 <0.001
VPL Present 291 2.54-333 <0.001 1.51 1.30-1.75 <0.001
MVI Present 4.88 4.11-5.82 <0.001 2.78 2.29-3.40 <0.001

CI indicates confidence interval.

TABLE 4. Clinicopathological Characteristics of Pathological
Stage | Patients

Variable n (%)
Age, y1s

Median 66 (range: 22-89)

<65 780 (48.7)

>65 821 (51.3)
Sex

Female 684 (42.7)

Male 917 (57.3)
Smoking history

Never smokers 620 (38.7)

Ever smokers 969 (60.5)

NA 12 (0.7)
CEA, ng/mL

<5 1137 (71.0)

>5 455 (28.4)

NA 9 (0.6)
Surgery

Segmentectomy 24 (1.5)

Lobectomy 1574 (98.3)

Pneumonectomy 3(0.2)
Histology

Adenocarcinoma 1192 (74.5)

Squamous cell carcinoma 282 (17.6)

Large cell carcinoma 65 (4.1)

Adenosquamous carcinoma 26 (1.6)

Others 36 (2.2)
Tumor size, cm

<3 1177 (73.5)

>3 424 (26.5)
VPI

Absent 1298 (81.1)

Present 303 (18.9)
MVI

Absent 1007 (62.9)

Present 594 (37.1)

T2a_] subgroups had poorer outcomes, which were comparable with
those of the T2b_0 subgroup. Poor outcomes equivalent to those seen
in the T3_0/1 groups were observed in groups with a small tumor size
and both VPI and MVI. The T3_2 group showed the poorest outcome
after the T4 group.

DISCUSSION
In patients with T1-4N0-2M0O NSCLC, the overall survival
rate and recurrence-free proportion for patients with MVI were
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significantly lower than those for patients without MVIL. Multivariate
analysis showed that MVI was the most powerful predictor of recur-
rence, with its HR of 2.78 being greater than that of pN (HR 2.58).
When only patients with pathological stage I disease were analyzed
using multivariate analysis, MVI and VPI were the 2 most powerful
factors for recurrence (MVI, HR: 2.74; VPI, HR: 1.84).

VPI is incorporated in the current seventh edition of TNM
classification. In this study, we demonstrated that MVI was also a
strong pathological prognostic factor. The T1-2 groups with both
MVTI and VPI showed poor outcomes equivalent to those of the T3
groups with none or either of these factors. Therefore, we propose
that both MVI and VPI should be incorporated in the new edition of
TNM staging system.

Some studies have demonstrated the prognostic impact of BVI
and LVI, and MVT has been reported to be a poor prognostic factor
in NSCLC patients.®® "~ We used elastin, lymphatic endothelial,
and H&E stains to histologically differentiate between BVI and LVI.
While these stains are helpful adjuncts, differentiation can still be
difficult in capillary areas. Therefore, several investigators have ex-
amined BVI and LVI collectively as MVL% - and we decided to use
MVI as an objective reproducible morphological criterion.

As indicated in Supplemental Figures 2A-E (available at
http://links.lww.com/SLA/A545), the Tla_0, T1b_0, and T2a_0 sub-
groups showed the best prognosis in the current study. The Tla_I,
T1b_1, and T2a_1 subgroups showed poorer prognosis, consistent
with the T2b_0 subgroup, whereas the Tla-2b_2 and T2b_1 sub-
groups had poor prognosis, equivalent to the T3_0/1 subgroups. The
T3_2 subgroup had the poorest prognosis after the T4 subgroup.
Therefore, we propose that if either MVT or VPI is present, the tumor
size subgroups of T1 should be upstaged to T2; T1 with both MVIand
VPI should be upstaged to T3; T2 with either or both MVI and VPI
should be upstaged to T3 (except T2a with either MVI or VPI); and
T3 with both MVI and VPI should be upstaged to T4. These sugges-
tions are summarized in Tables 6 and 7.We show the recurrence-free
proportion curves by the current classification and our proposal for T
factor (Figs. 4A and B). The current T1-3 groups include the cases of
poor prognosis with MVI and/or VPI, who might require additional
therapy.

Platinum-based adjuvant chemotherapy has been shown in ran-
domized controlled trials to improve the survival of patients with stage
11 and ITIA NSCLC who underwent surgery.'>'® In Japan, oral uracil-
tegafur adjuvant chemotherapy for patients with stage IB adenocar-
cinoma is recommended as the standard treatment.!”!® The results
of the current study indicate that NSCLC patients with small sized
tumors with both or either MVI and VPI risk factors would be good
candidates for adjuvant therapy.

© 2014 Lippincott Williams & Wilkins
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TABLE 5. Prognostic Significance of Recurrence in pathological Stage | Patients (Univariate and Multivariate Cox Regression

Analyses)
Univariate Analysis Multivariate Analysis

Variable Risk Factors HR 95% CI1 P HR 95% CI I 4
Age, yrs =065 1.49 1.19-1.89 <0.001 1.37 1.08-1.75 0.009
Sex Male 1.65 1.30-2.10 <0.001 1.01 0.72-140 0.940
Smoking history Ever smokers 1.97 1.53-2.56 <0.001 1.46 1.01-2.10 0.042
CEA, ng/mL =5 1.74 1.37-2.19 <0.001 1.22 0.96-1.56 0.101
Histology Nonadenocarcinoma 1.58 1.24-2.01 <0.001 0.94 0.72-1.23 0.944
Tumor size, cm >3 1.99 1.58-2.52 <0.001 1.17 0.91-1.50 0.231
VPI Present 3.00 2.37-3.80 <0.001 1.84 1.43-2.37 <0.001
MVI Present 3.73 2.94-4.76 <0.001 2.74 2.10-3.60 <0.001
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FIGURE 3. A, Recurrence-free proportion curves of patients
with or without MV! and VPI; B, recurrence-free proportion
curves of patients according to the number of the risk factors.

Because our study was a retrospective study of a generally
homogenous ethnic group performed in a single institution, we need
to collect more clinicopathological data from a diverse population
and validate our proposal on the basis of these data. However, this
study included a large number of patients and showed that MVI
and VPI were both strong prognostic factors. Therefore, we consider
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TABLE 6. Incorporation of VPl and MVl Into T
Classification

No. Risk Recurrence-Free
Tumor Factors No. Patients Proportion at 5
Proposed T  Size, cm (VPI/MVI) (%) Yrs, %
Tl <5 0 1001 (37.7) 90.5
T2 <5 1 741 (27.9) 65.8
>5, <7 0
T3 <7 2 702 (26.4) 47.1
=5, <7 1
>7 0
=7 1
T4 >7 2 213 (8.0) 38.6

TABLE 7. Incorporation of VPl and MVl Into T
Classification

No. VPI and
Current (7th) Tumor MVIRisk  No. Patients Our
T Classification  Size, cm Factors (%) Proposed T
Tla <2 0 474 (17.8) T1
<2 1 173 (6.5) T2
<2 2 51(1.9) T3
Tlb >2, <3 0 337 (12.7) T1
>2, <3 1 258 (9.7) T2
>2,<3 2 126 (4.7) T3
T2a >3, <5 0 190(7.2) T1
>3, <5 1 290 (10.7) T2
>3, <5 2 265(10.0) T3
T2b >5, <7 0 20 (0.8) T2
=5, <7 1 68 (2.6) T3
>5, <7 2 95 (3.6) T3
T3 >7 0 26 (1.0) T3
>7 1 7127 T3
>7 2 200 (7.5) T4

that MVT should be evaluated in the T classification for the possible
incorporation in the next revision of the TNM staging system.

CONCLUSIONS
This study demonstrated that MVI was a strong and indepen-
dent recurrence risk factor in patients with pathological T1-4N0-2M0
NSCLC. Further data on the prognostic impact of MV1 should be col-
lected for the next revision of the TNM staging system.
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to the current T classification. B, Recurrence-free proportion
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