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strengthened in, T samples (Table 1). These findings are
compatible with the “field cancerization” concept in the
lung.® In our previous study using the Infinium assay, we
proved that DNA methylation alterations in N samples
resulted in silencing of tumor-related genes in tumorous tis-
sue.'> However, the correlation between the results of the
Infinium assay in N samples and carcinogenetic factors was
not examined in detail.

In this epigenetic clustering of patients with LADCs based
on DNA methylation profiles in N samples, many of the
patients belonging to Cluster I were heavy smokers. In fact,
pleural anthracosis, which mainly reflects the long-term cumu-
lative effects of cigarette smoking, was marked in the lungs of
patients belonging to Cluster I. Smoking is known to be a cause
of COPD. In fact, many patients in Cluster I actually suffered
from obstructive ventilation impairment, and histological find-
ings compatible with emphysema and lung fibrosis were
observed in their N samples. Moreover, recurrent inflamma-
tion is generally associated with COPD, and histological find-
ings compatible with respiratory bronchiolitis®**  were
actually observed in the lungs of patients belonging to Cluster
L. Inflammation is known to be one of the major causes of
DNA methylation alterations in precancerous conditions in
various organs, such as chronic hepatitis'®'” and chronic pan-
creatitis.®*? Taken together, the data suggest that the DNA
methylation profiles characterizing Cluster T may be estab-
lished in lung tissue through the long-term cumulative effects
of cigarette smoking via chronic inflammation under the con-
ditions of COPD. Unlike the previous study, which revealed
aberrant DNA methylation of several tumor-related genes in
lung cancers themselves of patients with COPD,* this study
demonstrated for the first time the presence of distinct DNA
methylation profiles related to COPD in N samples, based on
genome-wide analysis.

The majority of patients belonging to Cluster II were non-
smokers, especially young females. DNA methylation profiles
characterizing Cluster II may reflect the carcinogenetic pathway
that is unrelated to cigarette smoking. Mutation of the EGFR
gene is well known to be a driver of LADCs in young female
non-smokers, especially in Asia.** However, Cluster I1 included
LADCs without EGFR gene mutations in non-smokers (data
not shown), indicating that DNA methylation profiles in Clus-
ter I1 were not entirely induced by EGFR mutation.

Although many of the patients belonging to Cluster III
were smokers, the average number of cigarettes smoked per
day X year index was lower in Cluster III than in Cluster L.
In fact severe pleural anthracosis was not so frequently evi-
dent in the lungs of patients belonging to Cluster 11I. In addi-
tion, the incidence of emphysematous change and fibrosis
was lower in the adjacent lung tissue of patients in Cluster
I than in that of patients in Cluster I. DNA methylation
profiles in Cluster III did not develop from a background of
chronic inflammation in COPD, but may have developed
rapidly before the long-term effects of cigarette smoking had
accumulated in the adjacent lung tissue (possibly through

Epigenetic clustering of lung adenocarcinomas

more direct effects of carcinogens related or unrelated to cig-
arette smoking). However, to evaluate more precisely the
effects of smoking on DNA methylation profiles, detailed
DNA methylation analysis should be performed using puri-
fied epithelial cells, such as those from the airway epithelium.

Distinct DNA methylation profiles seem to be established
in the non-cancerous lung during the carcinogenetic pathway
via inflammation in COPD in heavy smokers (Fig. 2a), the
carcinogenetic pathway unrelated to cigarette smoking (Fig.
2b), and the carcinogenetic pathway that occurs not via
COPD but possibly via more direct effects of carcinogens
(Fig. 2c). Each pathway may have distinct target genes as
hallmarks for Clusters I, II and III (Table 3 and Supporting
Information Table S3). Among 120 hallmark genes for Clus-
ters I, II and III, 119 (one exception, ABCCI2, being shared
between Clusters II and III) showed ordered differences of
DNA methylation from C to N, and then to T samples of the
relevant cluster (p < 0.05, Jonckheere-Terpstra trend test,
Table 3 and Supporting Information Table $3), indicating
that a distinct DNA methylation profile in N samples of each
cluster is inherited during progression to Ts.

A proportion of genes described in Table 3 and Supporting
Information Table S3 may be simple hallmarks of each cluster
(simple target genes of each carcinogenetic pathway). However,
at least a proportion of DNA methylation alterations occurring
during each carcinogenetic pathway actually result in altered
expression of target genes, and may participate in establishment
of the clinicopathological characteristics of LADCs in each clus-
ter. The DNA methylation profiles in Cluster I may participate
in the generation of locally invasive LADCs, which have a large
diameter, a progressed T stage, a high histological grade, fre-
quent pleural invasion and tumor anthracosis. DNA methyla-
tion profiles in Cluster Il may participate in the generation of
clinicopathologically less aggressive LADCs with a favorable
outcome. DNA methylation profiles in Cluster I1I may partici-
pate in the generation of the most aggressive LADCs showing
frequent lymphatic vessel invasion, blood vessel invasion, a
high N stage, a high TNM stage and a poor outcome.

Table 3 includes homeobox genes, such as IRX2 and
HOXDS, a gene that has been implicated in cell migration,
SPARCLI, and genes that have been implicated in apoptosis,
such as RGS5 and EI24. IRX2 is known to participate in early
lung development in mouse embryos.*® HOXDS is known to be
methylated and/or down-regulated in human malignancies,
especially in metastatic, rather than in primary lesions.>**’
SPARCLI is an extracellular matrix glycoprotein known to be
correlated with cancer invasion.*®** RGS5 is a member of the
family of molecules regulating G protein signaling, and stimu-
lates  hypoxia-inducible apoptosis.*” Positive ~correlations
between RGS5 expression and both tumor differentiation and a
favorable outcome have been reported.*"** EI24 is induced by
p53, suppresses cell growth and induces apoptosis.*’ Reduced
expression associated with DNA methylation of IRX2, HOXDS,
SPARCLI, RGS5 and EI24 in our cohort of LADCs has been
confirmed using expression microarray (data not shown). It is
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feasible that these target genes of each carcinogenetic pathway
participate in determining the clinicopathological characteris-
tics of LADCs in each cluster.

In the validation cohort, the DNA methylation status of
hallmark genes identified in N samples of Cluster I was sig-
nificantly correlated with pleural anthracosis, which reflects
the long-term cumulative effects of smoking, and COPD
(pulmonary emphysema) in the adjacent lung and tumor
anthracosis, which reflect active cancer-stromal interaction in
LADCs. The DNA methylation status of the hallmark gene
identified in N samples of Cluster II was significantly corre-
lated with lower aggressiveness (low N stage and low TNM
stage) of LADCs in the validation cohort. The DNA methyla-
tion status of hallmark genes identified in N samples of Clus-
ter 11l was significantly correlated with aggressiveness of
LADCs, such as lymph vessel invasion, a high N stage and a
high TNM stage, in the validation cohort. Thus, correlations
between distinct DNA methylation profiles in N samples and
both carcinogenetic background factors in the adjacent lung
tissue and clinicopathological characteristics of LADCs were
confirmed in the validation cohort (Table 4).

Receiver operating characteristic curve (ROC) analysis was
performed for N samples in the learning cohort, and the thresh-
olds of the representative hallmark genes described in Table 4
were set so that they were nearest to the top left corner of the
ROC. Using these thresholds, the sensitivity, specificity and accu-
racy for prediction of lymphatic vessel involvement, lymph node
metastasis, TNM stage and patient outcome (recurrence and
death) were calculated in both the learning and validation coborts
(Supporting Information Table S4). Even though Supporting
Information Table $4 suggests that the aggressiveness of tumors
developing in the same individual patients and patient outcome
may be predictable on the basis of DNA methylation status in N
samples, further examinations will be needed to set strict criteria
for maximal sensitivity, specificity and accuracy.

Although bulk tissue comprising several cell lineages, for a
large number of C, N and T samples, was examined in this
study, it would be preferable to examine the DNA methyla-
tion status of purified cells. Therefore, the DNA methylation
status of the representative gene CASP8 (Infinjum probe ID:
cg26799474), included in Table 1B, was compared between
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cancer cells and normal peripheral airway epithelial cells
obtained by microdissection from formalin-fixed, paraffin-
embedded tissues of representative patients with LADCs and
patients without primary lung cancers, respectively, using
pyrosequencing. The DNA methylation levels in T samples
(0.279 *+ 0.184) were significantly lower than those in C
samples (0.689 * 0.042) by Infinium assay (p = 3.64 X
107", Such a significant difference was reproduced upon
comparison with microdissected normal airway epithelium:
pyrosequencing showed that the DNA methylation levels in
microdissected cancer cells (0.273 =+ 0.313) were significantly
lower than those in microdissected normal airway epithelial
cells (0.765 £ 0.104) (p = 2.74 X 1077).

Differences in DNA methylation levels among different cell
lineages, such as epithelial and stromal components, are also an
important issue. Cancer cells and their stromal cells, such as
cancer-associated fibroblasts, were again collected separately by
microdissection from formalin-fixed, paraffin-embedded tissues
from representative patients with LADCs. The DNA methyla-
tion levels of representative genes described in Table 1B were
evaluated quantitatively by pyrosequencing. In one of the exam-
ined genes (CASP8 [Infinium probe ID: ¢g26799474]), the
DNA methylation statuses of cancer cells (0.273 = 0.313) and
stromal cells (0.219 = 0.094) were almost equal, indicating that
both may be affected by carcinogenetic factors. For the other
examined gene (LHXI [Infinium probe ID: ¢g22660578]), the
DNA methylation statuses of cancer cells (0.096 = 0.141) and
stromal cells (0.538 * 0.486) differed from each other, probably
reflecting differences in susceptibility to the effects of carcino-
gens, or differences in cell lineage.

In summary, DNA methylation profiles reflecting carcino-
genetic background factors, such as smoking, inflammation
and COPD, appear to be established in adjacent lung tissue
in patients with LADCs. Such DNA methylation profiles in
adjacent lung tissue may play a role in determining the
aggressiveness of tumors developing in the same individual
patients, and thus patient outcome.
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ARTICLE INFO ABSTRACT

Article history: Objective: We examined the appropriate measurement for pathological tumor size by comparing radio-
Received 30 December 2013 logical and pathological tumor size of resected lung adenocarcinoma in FSE.

Received in revised form 18 March 2014 Materials and methods: We reviewed records of 59 resected specimens of lung adenocarcinoma for FSE
Accepted 24 March 2014 :

from January to December 2008. Specimens were well-inflated with saline by using an injector before
cutting into segments. After selecting the tumor segment of maximal diameter, we compared three ways
Keywords: of measuring pathological tumor size by using paired t-test: (I) macroscopic tumor size (MTS), measured
i‘\‘(’j’e’i gi::;;oma with a metal straight ruler, (II) microscopic frozen section tumor size (FSTS), and (Ill) microscopic paraffin

section tumor size (PSTS). We compared each discrepancy rate (DR) [DR = (CT tumor size — pathological

Inflation method . N ! L A X
Pathological tumor size tumor size)/CT tumor size x 100] (%) between tumors that were air-containing type and solid-density

Frozen section examinations type on CT scans, and also compared the tumors with lepidic component rates (LCR) >50% and LCR <50%,
CT tumor size by using Mann-Whitney U-tests.
Lepidic Results: FSE could diagnose malignancy with 100% accuracy. The mean CT tumor size was 18.36 mm, and

the mean pathological tumor sizes (MTS, FSTS, and PSTS) were 17.81, 14.29, and 14.23 mm, respectively.
FSTS and PSTS were significantly smaller than CT tumor size (p <0.001). The DR calculated with PSTS was
significantly larger in air-containing than in solid-density tumors, and also larger in LCR >50% than in
LCR <50% tumors.
Conclusion: FSE with the inflation method diagnosed malignancy with 100% accuracy. The lung speci-
men must be sufficiently inflated to prevent tissue shrinking, and we propose MTS as the definition for
pathological tumor size in FSE. The greater discordance observed between CT tumor size and microscopic
tumor size was assumed to be due to shrinkage of the lepidic component in the tumor.

© 2014 Elsevier Ireland Ltd. All rights reserved.

1. Introduction tumorous lesions. As a result, we more frequently encounter
tumors that are difficult to diagnose pre-operatively, which

Recent remarkable developments in diagnostic radiological requires us to perform intra-operative frozen section examination
imaging have allowed more frequent, easier detection of small (FSE)[1]. FSE is performed to confirm the presence of a tumor inside
the resected specimen, to determine if the tumor is benign or malig-

nant, to confirm that the tumor has a sufficient tumor margin, to
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collapse of small-sized lung adenocarcinoma. Inflation method is
known to preserve the morphology of the lung specimen with high
diagnostic accuracy of small-sized lung adenocarcinoma in the FSE
[6]. Although FSE with inflation method plays an important role
in lung adenocarcinoma operations, there are no clear methods or
standards established for the preparation of resected specimens,
and the technique differs by institution. Some important factors
that may differ in FSE preparation include whether or not an infla-
tion method is applied, how the lung specimen is inflated, how
the embedding medium is used, and the width of the tissue seg-
ment the pathologist cuts [6-8]. There is also no standard method
for measurement of characteristics such as pathological tumor size
and resected tumor margin of lung specimens in FSE, and these
methods differ by institution.

Although Travis et al. previously noted the possibility that esti-
mates of tumor size for tumors that are predominately lepidic were
smaller than the actual tumor size of lung adenocarcinoma [9], to
our knowledge, there have not been any studies that have exam-
ined precisely how much smaller the estimates are. In this study, we
determined the appropriate measurement of pathological tumor
size by comparing radiological and pathological tumor measure-
ments of resected adenocarcinoma of the lung in FSE using inflation
method. Moreover, we evaluated the impact of lepidic component
on pathological tumor size.

2. Materials and methods
2.1. Patients

We retrospectively reviewed the records of 59 resected lung
specimens from 58 patients for frozen section diagnoses (54
wedges and 5 segmentectomies) of lung adenocarcinoma from
Kanagawa Cancer Center Hospital from January to December 2008.
Cases in which tumors were positive at the cut-end were excluded.
All patients provided informed consent, and the studies were per-
formed according to the requirements of the institutional review
board of Kanagawa Cancer Center.

2.2. Preparation procedures for FSE

Our preparation procedures for FSE are shown in Fig. 1. Lung
specimens were well-inflated by injection of saline from the cut-
end by using an 18-gauge injection needle (Fig. 1a). In order to
prevent immediate saline leakage from the lung, the needle was
inserted toward the subpleura and turned in some other direc-
tions inside the lung specimen so as to minimalize the number of
puncture sites. Then, the pathologist (T.Y.) cut the specimen into
segments 3-5mm in width by drawing long cutting knife lightly,
not pressingly (Fig. 1b) and immersed the segments in saline for
a few minutes (Fig. 1c and d). We selected one or two tissue seg-
ments in which the tumor size was considered maximal, and where
the tumor growth area was considered to be most predominately
non-lepidic. The tumor tissue was put into a 50 mL injector which
contained 10-20 mL of 50% embedding medium (Tissue-Tek O.C.T.
Compound, Sakura Finetek-USA, CA), and was inflated with nega-
tive pressure (Fig. 1e and f). The tissue segment was frozen using
dry ice and acetone, then a 2-4 um cryostat section was made
with a Leica CM 1900 UV Cryostat (Leica Microsystems, Wetzlar,
Germany) for FSE. After FSE was complete, the tissue sections were
melted at room temperature and fixed with 10% neutral buffered
formalin to make permanent paraffin sections.

2.3. Measurement of pathological tumor size and CT tumor size

Pathological tumor size was measured in three ways: (1) macro-
scopic tumor size (MTS) measured by using a metal straight ruler,
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(1) microscopic tumor size measured on the frozen section (frozen
section tumor size, FSTS), and (III) microscopic tumor size measured
on the permanent paraffin section (paraffin section tumor size,
PSTS). After the specimen was cut into segments and immersed in
saline, MTS was measured where the tumor seemed to be maximal
in size macroscopically. FSTS and PSTS were measured by per-
forming stereoscopic microscopy and Leica Application Suite image
analysis software (Leica Microsystems, Tokyo, Japan) (Fig. 1gand h).
Chest CT images were obtained using a X-Vigor/Real CT scanner or
an Aquillion CT scanner (Toshiba Medical Systems, Tochigi, Japan),
and the CT tumor size was determined from high-resolution CT
scans with 1-2 mm section thickness by measuring the maximum
axial tumor diameter in a pulmonary window level setting (TSPW;
level, —~600 HU; width, 1600 HU). We also measured tumor size in
a mediastinal window level setting (TSMW: level, 40 HU; width,
400 HU) on high-resolution CT scans.

2.4. Word definitions

We defined tumor shadow disappearance rate (TDR) using the
following formula: TDR=[1 -~ (TSMW/TSPW)] x 100 (%). Tumors
with TDR >50% and TDR <50% were considered “air-containing
types” and “solid-density types”, respectively [10,11].

We also calculated discrepancy rate (DR) with the formula:
DR=(CT tumor size —each pathological tumor size)/CT tumor
size x 100 (%).

We defined the term “lepidic component rate (LCR)" as the area
proportion of replacement growth pattern divided by the entire
tumor on a permanent paraffin section.

2.5. Statistical analysis

The average CT tumor size and each pathological tumor size
were compared by using paired t-tests. T factor migration accord-
ing to the Union for International Cancer Control (UICC) guidelines,
7th edition, was assessed by using the likelihood ratio. The cor-
relation between CT tumor size and each pathological tumor size
was evaluated by using Pearson’s correlation analysis. We com-
pared DR values, which were calculated for each pathological tumor
measurement and compared between air-containing type (n=44)
and solid-density type (n=15) by using Mann-Whitney U-tests.
Furthermore, we compared DR values between LCR >50% tumors
(n=40) and LCR <50% tumors (n=19) by using Mann-Whitney U-
tests. p-values less than 0.05 were considered significant.

3. Results

The clinicopathological characteristics are shown in Table 1. Of
the 59 lung specimens for FSE, 28 (47.4%) were adenocarcinoma
in situ (AIS), 4 (6.8%) were minimally invasive adenocarcinoma,
and 27 (45.8%) were invasive adenocarcinoma. The accuracy of
diagnosis of malignancy from frozen sections, based on the final
diagnosis made based on the permanent paraffin section, was 100%.
Air space in the tumor tissue was dilated enough to differenti-
ate lepidic component from collapse and fibrous foci on frozen
section (Fig. 2). Clinical T factors (cT1a, cT1b, and cT2a) were 42,
16, and 1, respectively, and the average CT tumor size +SD was
18.36 +:5.23 mm (range, 7-33 mm) (Fig. 3). The mean patholog-
ical tumor sizes £SD of MTS, FSTS, PSTS were 17.8146.32mm
(range, 6-40mm), 14.29+3.66 mm (range, 5.46-21.21 mm), and
14.23 £4.38 mm (range, 5.17-22.92 mm), respectively. The aver-
age values for FSTS and PSTS were significantly smaller than the
CT-based measurements (p <0.001 for both). In regard to T factor
migration, there were 8 (13.6%), 14 (23.7%), and 12 (22.0%) cases
of down-migration when MTS, FSTS, and PSTS were used, respec-
tively, to measure pathological tumor size, although there were
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Fig. 1. Procedure for preparation of specimens for FSE. (g and h) FSTS and PSTS were measured with the Leica Application Suite stereoscopic microscope (Leica Microsystems;
Tokyo, Japan). After plotting a tumor border region on frozen sections and paraffin sections, the maximum diameter in the area was measured to determine the FSTS and
PSTS, respectively.

no cases of up-migration in FSTS and PSTS (p=0.0024) (Fig. 3). Fig. 5 shows the comparison of DR values between air-
Fig. 4 shows the correlation diagrams between CT tumor size and containing type tumors and solid-density type tumors. DR values
each pathological tumor size. According to the Pearson’s correlation calculated with PSTS were significantly larger in air-containing
analysis, there were significant correlations between CT tumor size type than solid-density type specimens (27.3% versus 15.5%,
and each pathological tumor size (correlation coefficients (r) were p=0.032). Fig. 6 shows the comparison of DR values between LCR
0.766, 0.700, and 0.682, respectively, and all were p<0.001). >50% tumors and LCR <50% tumors. DR values calculated with
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Table 1
Characteristics of the 58 patients in the study.

Fifty-eight patients with 59 specimens

Median age (years) 67 (38-84)

Sex (male:female) 23:35

Side (right:left) 38:20

Lobe (upper:middle:lower) 39:0:20

Operative procedure for rapid diagnosis (partial 49:10
resection:segmentectomy)

Pathological classification of adenocarcinoma (%)

AIS 28 (47.4)

MIA 4(6.8)

IA 27 (45.8)
(1A-LP:1A-AP:1A-PP:|A-SP:]A-variant) (10:9:5:2:1)
Mean CT tumor size (mm) 18.36 (7-33)
Clinical T factor (%)

Tla 42(71.2)

Tib 16 (27.1)

T2a 1(1.7)

The accuracy of diagnosis of malignancy from 100

frozen sections, based on the final diagnosis
made based on the permanent paraffin section

(%)

AlS, adenocarcinoma in situ; MIA, minimally invasive adenocarcinoma; IA, invasive
adenocarcinoma; IA-LP, invasive adenocarcinoma lepidic predominant; IA-AP, inva-
sive adenocarcinoma acinar predominant; IA-PP, invasive adenocarcinoma papillary
predominant; IA-SP, invasive adenocarcinoma solid predominant.

a UICC 7th edition.

PSTS were significantly larger in LCR >50% tumors than LCR <50%
tumors (27.0% versus 18.6%, p=0.021).

4. Discussion
4.1. Preparation methodology for FSE

Itis considered that our simple inflation method, which includes
injection of saline into the resected specimen and immersing the
cut segment in saline, makes ambiguous and small-sized tumors
more apparent in the gross specimen (Fig. 1¢ and d). This allows
identification of all tumors, including impalpable ones, in FSE
specimens. Borczuk et al. previously noted that neoplastic lesions
became more apparent over time, and the lesion was often more
clearly revealed upon re-examination of the gross specimen after
several minutes because of drainage of excess blood and inflation of
the lung by the infiltration of saline into the specimen [12]. Another

p < 0.001
p < 0.001
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150 -~

Tumor
size (mm) 00
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36 + $.D. (mm)
00 e 8
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size
Down migration 8§ 14 1z
¢T2a3 = pTia 0 1 1
T facto.r Tib=> pTls 8 13 11 :I p =0.0024
migration !' i y 7 0 I
(n=39) Tla=pilb 6 0 1
cTlb=>pT2b 1 0 0

Fig. 3. Tumor size based on CT measurement and various pathological measure-
ment techniques. The average CT tumor size £SD was 18.36+£5.23 mm and the
mean pathological tumor sizes £SD of MTS, FSTS, PSTS were 17.814£6.32 mm,
14.294:3.66 mm, and 14.23 £ 4.38 mm, respectively. The average values for FSTS
and PSTS were significantly smaller than the CT-based measurements (p <0.001 for
both). In regard to T factor migration, there were 8 (13.6%), 14 (23.7%),and 12 (22.0%)
cases of down-migration when MTS, FSTS, and PSTS were used, respectively, to mea-
sure pathological tumor size, although there were no cases of up-migration in FSTS
and PSTS (p=0.0024).

inflation procedure was previously introduced that expands lung
tissue by injecting diluted embedding medium into the lung, and
this procedure enabled detection of minute and even non-palpable
ground-glass opacity lesions much easier in FSE with a high level
of diagnostic accuracy [8]. However, embedding medium is more
expensive than saline and it costs even more if the lung specimen
for frozen section is larger. By contrast, saline is less expensive and
is easily obtainable. It is also considered that drainage excess blood
by saline is necessary for the visualization and the exact measure-
ment of MTS. Further study is necessary to examine how much
effect injection of embedding medium has on each pathological
tumor size compared with our saline injection method.

In this study, FSE was 100% accurate for the diagnosis of malig-
nancy. A previous multi-center study noted that the diagnostic
accuracy of FSE in thoracic surgery was 98.58% [5]. Marchevsky

Fig. 2. The figure shows the gross appearance (left) and microscopic feature (right) in a frozen section diagnosed as adenocarcinoma in situ. Air space in the tumor was
dilated enough to differentiate lepidic component from collapse and fibrous foci. Accordingly, a small adenocarcinoma in situ lesion was diagnosed readily by frozen section.
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Fig. 4. Diagrams of the correlation between CT tumor size and the size indicated by each pathological measurement. According to the Pearson's correlation analysis, there
were significant correlations between CT tumor size and each pathological tumor size (correlation coefficients (r) were 0.766, 0.700, and 0.682, respectively, and all were

p<0.001).

et al. also reported that the sensitivity for diagnosis of neoplasia
was 86.9% for nodules smaller than 1.1 cm in diameter, and 94.1%
for nodules 1.1-1.5cm [1]. However, the preparation procedures
for lung specimens in FSE were not described in these reports.
Walts et al. reported that there were 12.1% (27 of 224) of frozen
section errors and 6.3% (14 of 224) of deferrals without inflating
lung specimens for FSE, and noted that errors and deferrals were
more prominent in cases of AlS or minimally invasive adenocarci-
noma (MIA), which are 10 mm or less in size [2]. Xu et al. reported
that the accuracy was 100% after using the inflation method in FSE,

p.=0.093

L]

p=0.032
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containing
type

& Solid-
containing
type

Discrepancy
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Fig. 5. Comparison of DR values between air-containing type tumors and solid-
density type tumors. DR values calculated with PSTS were significantly larger in air-

containing type than solid-density type specimens (27.3% versus 15.5%, p=0.032).

although there were two false-positive cases before using the infla-
tion method. The inflation method facilitated proper evaluation of
the morphological alterations in the frozen section, and it made it
easier to cut the lung specimen into segments, which reduced the
chance of compression during sectioning [6]. With regard to our
inflation method, it was possible to identify and diagnose minute
precancerous and cancerous foci such as AAH and AIS readily on FSE
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Fig. 6. Comparison of DR values between LCR >50% tumors and LCR <50% tumors.
DR values calculated with PSTS were significantly larger in LCR >50% tumors than
LCR <50% tumors (27.0% versus 18.6%, p=0.021).
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both macroscopically and microscopically (Fig. 2). In this study, all
of 28 AIS lesions were detectable and diagnosed accurately on FSE
by using this method (Table 1).

There is no standard method of preparation for resected speci-
mens in FSE, and the methodology differs by institution. Moreover,
the definition of pathological tumor size differs among institutions
in FSE. In this study, we demonstrated that pathological tumor sizes
were markedly different among MTS, PSTS, or FSTS, and clarified the
necessity of unifying the pathological tumor size in FSE.

4.2. Comparison between CT tumor size and each pathological
tumor size

Since there was a strong correlation between CT tumor size and
each pathological tumor size (Fig. 4), and a high accuracy rate for
the diagnosis of malignancy, our method of specimen preparation
for FSE was considered appropriate to obtain sufficient information
about the lung tumor. Among the three pathological measurement
methods of tumor size, MTS correlated the best with the CT tumor
size (r=0.766) and its mean size was about the same as the CT
tumor size (Figs. 3 and 4). Generally, in order to measure a resected
margin, we cut lung specimens vertically against the resected sur-
face. We did consider that most of the resection directions were not
identical to the axial direction of the CT, but our results indicate
that even if the direction varied widely, there was no significant
difference between MTS and CT tumor size among the small lung
adenocarcinomas.

On the other hand, the average FSTS and PSTS were significantly
smaller than the CT tumor size, and caused down-migration of T
factor (Fig. 3). As a result, we propose that the pathological tumor
size for T factor should be defined as the MTS in small lung ade-
nocarcinoma in FSE, and FSTS and PSTS should not be used, since
patients might lose their chance to receive adjuvant chemotherapy
because of the underestimation of their tumor size.

According to the TDR, the small lung adenocarcinomas (20 mm
or less) were categorized as air-containing type and solid-density
type, with the air-containing type having no evidence of metasta-
sis (pleural involvement, vascular invasion, lymphatic permeation,
or lymph node metastasis) and a much better prognosis than the
solid-density type [10,11]. In air-containing type tumors, there is
evidence of collapse, or collapse with bronchioloalveolar carci-
noma, which represents a non-invasive tumor [11]. As shown in
Fig. 5, DR values calculated with PSTS were significantly higher
in air-containing type than solid-density type tumors (p=0.032).
This indicates that, if a tumor classified as air-containing type was
pathologically measured using PSTS, the pathological tumor size
might be underestimated by as much as 75% of the CT tumor
size.

4.3. Interpretation of the discordance between PSTS and CT tumor
size

Lampen-Sachar et al. used formalin fixed specimens to show
that the mean CT tumor size was statistically larger than the patho-
logical tumor size (p <0.001), and concluded that CT overestimates
the tumor size. The author stated that the discordance was due to
differences in lung aeration and expansion, and due to the mea-
surement of infiltration and/or edema surrounding the tumor in CT
scans [13]. This result was similar to our examination in FSE. How-
ever, inflammation, fibrosis, and edema surrounding the tumor are
rarely seen in the cases of peripheral small-sized adenocarcinoma
which are considered to be an indication for FSE, and especially rare
if the tumors were lepidic component predominant. Therefore, MTS
was considered to reflect the area of adenocarcinoma accurately. It
is considered that the underestimation of pathological tumor size
measured with FSTS and PSTS is due to the deep cryosection of the
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tumor at its maximum diameter, tissue shrinkage by desiccation,
and contraction that results from stuffing the tissue into a cassette.

Previously, Travis et al. noted a possibility that estimates of
tumor size of lepidic predominant adenocarcinoma were smaller
than the actual tumor size [9]. On the basis of this observation, we
hypothesized that the lepidic component of the tumor was respon-
sible for the contractility. As shown in Fig. 6, we found that tumors
with LCR >50% were underestimated, giving values about 75% of
the CT tumor size, if they were measured by PSTS. This agrees with
the results of Fig. 5 pathologically. The reason for the contractil-
ity of the lepidic component is unknown, but we hypothesize that
tumors which have abundant air space shrink more easily during
preparation because of issues such as desiccation, stuffing pres-
sure, and degeneration by the chemical solution, which are part of
the preparation process for FSE. Another hypothesis is that inher-
ent elasticity of alveoli which may cause contraction of the tissue is
less affected by lepidic morphology as compared to invasive tumor.

4.4. Future tasks in the measurement of pathological tumor size

We propose the use of MTS, which approximated CT tumor size,
as the pathological tumor measurement in FSE, although it may
become burdensome for pathologists to measure MTS within a
limited time during FSE. In the future, it is necessary to investi-
gate the relationships between each pathological tumor size in FSE
processed by our inflation method and the prognosis of lung can-
cer. In previous studies about the correlation between pathological
tumor size and prognosis, the preparation methods for the spec-
imens were not well-described [14-16]. Recently, several articles
reported that invasive tumor size is an independent prognostic fac-

. tor, and it may be a better predictor of prognosis than overall tumor

size in lepidic predominant tumors [17-19]. Borczuk et al. reported
that an invasion size of 5mm or more measured by straight mea-
surement on paraffin-fixed sections was an independent factor for
poor prognosis [ 7]. However, many questions still remain on how to
define the invasive area of the tumor, and we should clarify whether
we can treat a tumor invasive size obtained with FSE in the same
measured values as a tumor size obtained without FSE.

Future studies are needed for comparing the contraction rate
of the tissues of FSE samples with those of paraffin fixed samples.
Moreover, it is necessary to modify the inflation procedure to pre-
vent contraction of FSTS and PSTS, which lead to misleading results
about migration stage.

Recently, the significance of FSE in thoracic oncology increased,
and the endeavor to standardize the methodology in FSE, including
the definition pathological tumor size, is indispensable.

5. Conclusion

FSE using our inflating technique diagnosed malignancy with
100% accuracy. Moreover, there was a strong correlation between
CT tumor size and the size indicated by each pathological tumor
measurement. This indicates that our inflating technique of the
specimen for FSE is appropriate. However, FSTS and PSTS were
significantly smaller than CT tumor size, which resulted in stage
migration, and pathological tumor size was considerably under-
estimated for tumors classified as “air-containing type” tumors or
“lepidic predominant” tumors that were measured based on PSTS.
We propose that the pathological tumor size should be defined as
the MTS in small lung adenocarcinomas in FSE.
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ARTICLE INFO ABSTRACT

Article history: Background: Large cell neuroendocrine carcinoma (LCNEC) and small cell lung cancer (SCLC) are rec-
Recefved ?4 chober 2013 ognized as high-grade neuroendocrine carcinomas (HGNEC) of the lung. In patients with completely
Received in revised form 18 January 2014 resected HGNEC, platinum-based adjuvant chemotherapy may be considered. However, the optimum
Accepted 4 March 2014

chemotherapy regimen has not been determined. We conducted a multicenter single-arm phase II trial
to evaluate irinotecan and cisplatin in postoperative adjuvant chemotherapy for HGNEC patients.
Patients and methods: Patients with completely resected stage I-IIIA HGNEC received four cycles of irinote-
can (60 mg/m?, day 1, 8, 15) plus cisplatin (60 mg/m?, day 1). This regimen was repeated every 4 weeks.
Small cell carcinoma The primary endpoint was the rate of completion of chemotherapy (defined as having undergone three
Large cell neuroendocrine carcinoma or four cycles), and secondary endpoints were the rate of 3-year relapse-free survival (RFS), rate of 3-year
Adjuvant chemotherapy survival and toxicities.

Results: Forty patients were enrolled between September 2007 and April 2010, Patients’ characteristics
were: median age (range) 65 [45-73] years; male 85%; ECOG-PS 1 60%; LCNEC 57% and SCLC 43%; stage
IA/IB/IIB/IIIA 32/35/8/5%; 95% received lobectomy. The rate of completion of chemotherapy was 83%
(90% C.L.; 71-90%). The rate of overall survival at 3 years was estimated at 81%, and that of RFS at 3 years
was 74%. The rates of overall survival and RFS at 3 years were 86 and 74% among 23 LCNEC patients,
and 74 and 76% among 17 SCLC patients, respectively. Nineteen patients (48%) experienced grade 3 or
4 neutropenia, but only five patients (13%) developed febrile neutropenia. Two patients (5%) developed
grade 3 diarrhea, and four patients (10%) had grade 3 nausea. No treatment-related deaths were observed
in this study. All 40 specimens were also diagnosed as HGNEC by central pathological review.
Conclusions: The combination of irinotecan and cisplatin as postoperative adjuvant chemotherapy was
feasible and possibly efficacious for resected HGNEC.
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1. Introduction

In 1991, Travis et al. proposed the classification of neuroen-
docrine tumor of the lung, including typical carcinoid, atypical
carcinoid, large cell neuroendocrine carcinoma (LCNEC), and small
cell carcinoma (SCLC) [1]. In addition, LCNEC and SCLC are recog-
nized as high-grade neuroendocrine carcinomas (HGNEC) of the
lung. LCNEC and SCLC share several histological features, including
rosette formation, molding of nuclei, and lack of apparent glandular
formation and keratinization [2,3].

LCNEC accounts for approximately 3% of all pulmonary malig-
nancies, and SCLC accounts for 12%. In a large-scale, Japanese
multi-institutional study of surgically resected pulmonary neu-
roendocrine tumors, there was no difference between LCNEC and
SCLC in terms of overall survival. The survival curves were super-
imposed and the 5-year survival rates of surgically resected LCNEC
and SCLC were 40.3 and 35.7%, respectively [4].

Retrospective analysis suggested that adjuvant chemotherapy
using an SCLC-based standard regimen might be effective for LCNEC
[5]. In patients with completely resected SCLC, platinum-based
adjuvant chemotherapy may be considered [6,7]. The combination
of cisplatin and etoposide as adjuvant chemotherapy is reported to
be a feasible regimen and results in a favorable profile for SCLC[8].
However, the optimum chemotherapy regimen has not been deter-
mined. Combination chemotherapy with cisplatin and irinotecan
is a standard treatment in Japan for extensive SCLC, and has been
demonstrated to yield significantly longer overall survival than cis-
platin and etoposide in the Japan Clinical Oncology Group Study
9511 [9]. Although LCNEC is now classified as non-small cell lung
cancer (NSCLC) in WHO criteria, this combination has also been
reported to be active for NSCLC [10]. Therefore, we conducted
a multicenter phase II trial to evaluate irinotecan and cisplatin
in postoperative adjuvant chemotherapy for completely resected
HGNEC.

2. Patients and methods
2.1. Study design

This prospective phase II trial was conducted at 12 centers in
Japan. It was approved by the institutional review boards of all
participating centers, and all patients provided written informed
consent. This study was registered at the UMIN Clinical Trial Reg-
istry (UMINO0O0001319).

2.2. Patients

Eligible patients were aged 20-74 years and histologically con-
firmed LCNEC and SCLC, completely resected, pathological stage 1A,
IB, I1A, 1IB and IIIA. Patients were also required to have: the ability
to start chemotherapy within 4-10 weeks after surgery; an East-
ern Cooperative Oncology Group Performance Status (ECOG PS) of
0 or 1; no prior chemotherapy or radiotherapy; and adequate organ
function (i.e., total bilirubin <1.5mg/dL, aspartate aminotrans-
ferase (AST) and alanine aminotransferase (ALT) <100IU/L, serum

creatinine <1.5 mg/dL, leukocyte count >4000/mm?3, hemoglobin -

>9.5 g/dL, platelets >100,000/mm?, and PaO; at room air >70 torr).
Patients without UGT1A1 polymorphisms (homozygous for *6 or
*28, simultaneously heterozygous *6 and *28), associated with
irinotecan-related severe toxicity, were included. Key exclusion
criteria were: interstitial pneumonia or pulmonary fibrosis; watery
diarrhea; and intestinal obstruction or paralysis.

204

2.3. Treatment

Patients received 60 mg/m? of cisplatin on day 1 and 60 mg/m?
of irinotecan on days 1, 8, and 15, every 4 weeks, up to four
cyclesifneither unacceptable toxicity nor recurrence was observed.
The administration of irinotecan on day 8 or 15 was skipped if a
leukocyte count <3000/mm?, platelets <75,000/mm3, symptoms of
infection, diarrhea within 24 h, and/or grade 3 nonhematological
toxicities developed. In the event of grade 4 leukopenia or throm-
bocytopenia, grade 2 or 3 diarrhea, or grade 3 nonhematological
toxicities except nausea, vomiting, hyponatremia, and creatinine,
the dose of irinotecan at the next cycle was reduced to 50 mg/m?2.

When the next cycle of chemotherapy was started, each patient
was required to meet the following criteria: ECOG PS of 0 or
1, leukocyte count >3000/mm?, platelets >100,000/mm3, total
bilirubin <1.5mg/dL, AST and ALT <1001IU/L, serum creatinine
<1.5mg/dL, no symptoms of infection, and no diarrhea within 24 h.

Recurrence evaluations with CT scans for chest and abdomen
have been performed every 6 months until 3 years. In addition,
systemic evaluation, with CT scans for chest and abdomen; with CT
or MRI for head; with bone scintigraphy or PET, has been performed
at 3 years.

2.4. Pathological review

Surgically resected specimens including hematoxylin-eosin
stained sections and immunohistochemistry of neuroendocrine
markers, which were selected by institutional pathologists, were
centrally reviewed by seven expert pathologists (T.K.,, M.N., K.T.,
Y.L, KL, G.L,and ].5.-X.) blind to clinical information. The pathology
panel members performed an independent pathology review, and
the final diagnosis was established by mutual agreement.

2.5. Statistical analysis

The primary endpoint was rate of completion of chemother-
apy, which was defined as the rate of patients who underwent the
planned three or four cycles of irinotecan and cisplatin. Secondary
endpoints included rate of 3-year relapse-free survival (RFS), rate
of 3-year survival, and toxicities. Efficacy and safety analyses were
performed on all patients who received at least one dose of the
study treatment. Adverse events (AEs) were graded according to
the National Cancer Institute Common Terminology Criteria for
Adverse Events version 3.0.

In accordance with the minimax two-stage phase Il study design
by Simon, the treatment program was designed to refuse a comple-
tion rate of chemotherapy of 60% (P0) and to provide a significance
level of .05 with a statistical power of 80% in assessing the feasi-
bility of the regimen as an 80% completion rate (P1). The upper
limit for first-stage drug rejection was eight completions in the 13
assessable patients; the upper limit of second-stage rejection was
25 completions within the cohort of 35 assessable patients.

Overall survival was defined as the interval between enrollment
in this study and death or the final follow-up visit. The overall
survival and RFS were estimated using the Kaplan-Meier analysis
method.

3. Results

Forty patients were enrolled between September 2007 and April
2010, and all patients were eligible. The clinical data cut-off date
was May 2013 for the analysis of efficacy, including overall survival
and RFS.
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Table 1
Patient characteristics (overall, n=40).
All (%) LCNEC (%) SCLC (%)
Number of patients 40 23 17
Gender
Male 34 (85) 20 (87) 14 (82)
Female 6 (15) 3 (13) 3 (18)
Age, year
Median 65 61 67
(range) (45-73) (45-71) (50-73)
Performance status (ECOG)
0 16 (40) 8 (35) 8 (47
1 24 (60) 15 (65) 9 (53)
Surgical procedure
Lobectomy 38 (95) 22 (96) 16 (94)
Pneumonectomy 1 (3) 1 (4)
- Segmentectomy 1 (3) 1 (6)
Pathological stage
IA 13 (32) 3 (13) 10 (59)
1B 14 (35) 1 (48) 3 (18)
IIA 0 0 0
B 7 (18) 6 (26) 1 (5)
A 6 (15) 3 (13) 3 (18)

SCLC: Small cell lung carcinoma, LCNEC: Large cell neuroendocrine carcinoma.

Table 2

Treatment delivery of adjuvant chemotherapy.
Number of cycles Number of patients (%)
1 6 15
2 1 3
3 2 5
4 31 77

3.1. Patient characteristics

Table 1 summarizes the baseline characteristics of the 40
patients enrolled in this study. The median age was 65 years, and
85% of the patients were male, Histologically, SCLC and LCNEC were
observed in 43 and 57%, respectively. Sixty-seven percent of the
patients were diagnosed as pathological stage 1. Forty-eight per-
cent of LCNEC patients were diagnosed as pathological stage IB,
and 59% of SCLC patients as pathological stage IA.

3.2. Treatment compliance

Thirty-three patients underwent the planned three or four
cycles of planned adjuvant chemotherapy (Table 2). The rate of
completion of chemotherapy was 83% (90% confidence interval
(C1); 71-90%). However, seven patients received one or two cycles,
because of adverse events in three patients (grade 3 diarrhea, cere-
bral hemorrhage, grade 2 enuresis) and treatment refusal in four
patients. Nine patients experienced dose reduction, and 21 patients
skipped administration of irinotecan. The dose intensity (the actual
dose delivered as a proportion of the planned dose) was 74% for
irinotecan and 87% for cisplatin.

3.3. Overall survival and recurrence-free survival

Overall survival and RFS data are shown in Fig. 1, with median
follow-up for overall survival of 49 months. The rate of overall sur-
vival at 3 years was estimated at 81% (95% CI; 69-95%), and that of
RES at 3 years was 74% (95% CI; 61-90%). The rates of overall sur-
vival and RFS at 3 years were 86 and 74% among 23 LCNEC patients,
and 74 and 76% among 17 SCLC patients, respectively (Fig. 2).
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Fig. 1. (A) Overall survival curve including all eligible 40 patients. (B) Recurrence-
free survival curve including all eligible 40 patients.

3.4. Safety and adverse events

Table 3 shows the incidence of AEs evaluated in all eligible
patients. The most common toxicity was neutropenia. Nineteen
patients (48%) experienced grade 3 or 4 neutropenia, but only
five patients (13%) developed febrile neutropenia. Two patients
(5%) developed grade 3 diarrhea, and four patients (10%) had
grade 3 nausea. There were no treatment-related deaths in this
trial.
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3.5. Central pathological diagnosis

Pathological specimens for central review were available in all
40 patients. Twenty-eight specimens showed complete concord-
ance of central pathological diagnosis among the seven expert

Table 3
Treatment-related adverse events (overall, n=40).
Toxicity toxicity grade %3~-4
2 3 4
Leukocytes 18 7 0 18
Neutrophils 12 15 4 48
Hemoglobin 15 6 4 25
Platelets 2 0 0 0
Febrile neutropenia - 5 0 13
Bilirubin 0 0 0 0
AST 0 0 0 0
ALT 1 o] 0 0
Creatinine 0 0 0 0
Hyponatremia 0 6 0 15
Hypokalemia 0 4 0 10
Hyperkalemia 3 1 0 3
Nausea 8 4 - 10
Vomiting 4 2 0 5
Anorexia 12 4 0 10
Diarrhea 11 2 0 5
Fatigue 10 5 0 13
Constipation 3 0 0 0
Alopecia 7 - - 0
Infection 2 0 ¢} Q

AST: Aspartate transaminase, ALT: Alanine transaminase.
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pathologists. All 40 specimens were diagnosed as HGNEC at the cen-
tral pathological review. There were two specimens that showed a
difference between the institutional diagnosis and central patho-
logical diagnosis. These specimens were diagnosed as LCNEC at
each institution, and diagnosed as SCLC at the central pathological
review.

4. Discussion

Irinotecan and cisplatin showed acceptable toxicities and favor-
able feasibility as postoperative adjuvant chemotherapy for HGNEC
of the lung. This study is the first prospective trial to evaluate the
postoperative adjuvant chemotherapy of irinotecan and cisplatin
for HGNEC. Although there have been no reports on a randomized
trial of postoperative adjuvant chemotherapy for HGNEC, previous
reports suggest the efficacy of postoperative adjuvant chemother-
apy for very limited SCLC compared with surgery alone [11-15].
In addition, the guidelines of the European Society for Medical
Oncology (ESMO) and American College of Chest Physicians (ACCP)
recommend postoperative adjuvant chemotherapy for resected
SCLC [7,16]. To our knowledge, there have been few prospective
trials on postoperative adjuvant chemotherapy for resected SCLC
[8,17], and only one trial for resected LCNEC [18]. In a phase II trial
of adjuvant cisplatin and etoposide for resected SCLC, the 3-year
survival rate was 61% [8]. In this study, the rate of overall survival
at 3 years was estimated at 81%, and that of RFS at 3 years was
77%. Therefore, the combination of irinotecan and cisplatin could
be effective.

The combination of irinotecan and cisplatin has been reported
to be effective for extensive SCLC [9,19-21]. Retrospective anal-
yses demonstrated that patients with advanced LCNEC who were
treated with SCLC regimens, including irinotecan and cisplatin, had
a better response rate and OS than those who were treated with
non-small cell lung cancer (NSCLC) regimens [5,22-24]. Also, in
the adjuvant setting, SCLC regimens are reported to be effective
[5]. We conducted a phase 1l study of combination chemotherapy
with irinotecan and cisplatin in 44 patients with advanced LCNEC,
and the response rate and progression-free survival were 54.5% and
5.9 months, respectively [25].

In a phase Il trial of adjuvant cisplatin and etoposide for
resected SCLC, 77% of the patients underwent the planned three
or four cycles of adjuvant chemotherapy [8]. Compliance of adju-
vant chemotherapy for resected NSCLC showed that 48-74% of the
patients completed the planned cycles [26-28]. In this study, 33
patients (83%) underwent the planned three or four cycles of adju-
vant chemotherapy, and this compliance is comparable to these
studies. The most common toxicity in our study was grade 3 or
4 neutropenia (48%), and grade 3 diarrhea was observed in only
5% of the patients. Toxicities were similar to previous reports
of irinotecan and cisplatin in extensive SCLC [9,29]. Combination
chemotherapy of irinotecan and cisplatin as adjuvant chemother-
apy was safe with good compliance.

In conclusion, the combination chemotherapy of irinotecan and
cisplatin as postoperative adjuvant chemotherapy was feasible and
active in patients with resected HGNEC. This is the first prospective
study of postoperative adjuvant chemotherapy for resected HGNEC.
Injapan,arandomized phase Il trial is ongoing to evaluate adjuvant
chemotherapy of irinotecan and-cisplatin, compared with etopo-
side and cisplatin, for completely resected HGNEC (Japan Clinical
Oncology Group 1205/1206).
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smalicell lung cancer Small-cell lung cancer (SCLC) is a subtype of lung cancer with poor prognosis.

To identify accurate predictive biomarkers and effective therapeutic modalities,
we focus on a long noncoding RNA, Hox transcript antisense intergenic RNA
(HOTAIR), and investigated its expression, cellular functions, and clinical rele-
vance in SCLC. In this study, HOTAIR expression was assessed in 35 surgical
SCLC samples and 10 SCLC cell lines. The efficacy of knockdown of HOTAIR
by siRNA transfection was evaluated in SBC-3 cells in vitro, and the gene
expression was analyzed using microarray. HOTAIR was expressed highly in
pure, rather than combined, SCLC (P = 0.012), that the subgroup with high
expression had significantly more pure SCLC (P = 0.04), more lymphatic inva-
sion (P = 0.03) and more relapse (P = 0.04) than the low-expression subgroup.
The knockdown of HOTAIR in SBC-3 cells led to decreased proliferation activ-
ity and decreased invasiveness in vitro. Gene expression analysis indicated that
depletion of HOTAIR resulted in upregulation of cell adhesion-related genes
such as ASTNI1, PCDHAI, and mucin production-related genes such as
MUCS5AC, and downregulation of genes involved in neuronal growth and signal
transduction ‘including NTM and PTK2B. Our results suggest that HOTAIR
has an oncogenic role in SCLC and could be a prognostic biomarker and
therapeutic target.
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Introduction

Lung cancer is a leading cause of cancer death world-
wide [1]. Small-cell lung cancer (SCLC) is an aggressive
subtype, characterized by a neuroendocrine nature,
which represents ~15% of all newly diagnosed lung
cancers [2]. SCLC patients have a poor prognosis

combared with non-small-cell lung cancers (NSCLCs)
due to more rapid growth and more frequent recur-
rence. Although the survival of NSCLC patients has
been significantly improved by targeted chemotherapy,
there are currently no targeted drugs effective against
SCLC. To identify accurate predictive biomarkers and
to develop effective therapeutic modalities, elucidation

632 © 2014 The Authors. Cancer Medicine published by John Wiley & Sons ttd. This is an open access article under the terms of
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of molecular mechanisms underlying the rapid
growth and the high propensity for relapse of SCLC is
essential.

Advances in experimental technology have been applied
to studies of malignant tumors including SCLC [3]. In
particular, application of modern genetic profiling tech-
nology to the study of noncoding RNAs has revealed a
crucial role for these molecules in tumor cell regulation.
Similar to short regulatory noncoding RNAs (ncRNAs),
such as microRNAs, many long intergenic ncRNAs
(lincRNAs) have been found to be important by
functioning as the interface between DNA and specific
chromatin remodeling activities [3-7]. These lincRNAs
are involved in diverse cellular processes, including
cell-cycle regulation, immune surveillance, and stem cell
pluripotency.

Hox transcript antisense intergenic RNA (HOTAIR) is
one of the few biologically well-studied lincRNAs (8, 9].
Previous studies have demonstrated that HOTAIR is tran-
scribed from HoxC gene as an antisense transcript, and
binds polycomb repressive complex 2 (PRC2) and LSD1-
CoREST-REST complex as scaffolds, leading to catalyzing
trimethylation of H3K27 and spontaneous demethylation
of H3K4, and to repressing transcription of HoxD genes
[9]. REST (RE! silencing transcriptional factor, also called
neuron-restrictive silencer factor) and its corepressors
negatively regulate neurogenesis and contribute to the
maintenance of pluripotency of neural cells [10], whereas
LSD1 (lysin-specific demethylase 1) regulates neural stem
cell proliferation [11]. In relation to DNA methylation,
EZH2, a compartment of PRC2, directly interacts with
DNA  methyltransferases (DNMT1, DNMT3A and
DNMT3B). This interaction is necessary for maintenance
of DNA methylation and stable repression of specific
genes, including many tumor suppressors [12]. In fact,
20% of the lincRNAs have been shown to associate with
PRC2. The homeobox-containing genes as targets of HO-
TAIR are a family of transcriptional regulators encoding
DNA-binding homeodomains involved in the control of
normal development [4, 5]. Also, aberrant expression of
homeobox genes is associated with both morphological
abnormalities and carcinogenesis [6, 7]. Moreover, a most
recent study suggested that the role of HOTAIR in
tumorigenesis occurs through triggering epithelial-to-mes-
enchymal transition (EMT) and acquiring stemness and
its maintenance [13].

Although HOTAIR and its association in cancer
metastasis and prognosis of diverse cancers have been
suggested in several studies [14-22], its functions in SCLC
remain unclear. In this study, we investigated the role of
HOTAIR for cellular proliferation and patients’ prognosis
to develop a biomarker and a new target for therapy of
SCLC.

© 2014 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

HOTAIR in Small-Cell Lung Cancer

Materials and Methods

Clinical samples and cell lines

Between January 1995 and December 2010, 3460
patients with primary lung cancer underwent surgery at
the Cancer Institute Hospital of Japanese Foundation
for Cancer Research (JFCR), Tokyo, Japan. Since SCLC
is usually inoperable, only 55 (1.6%) cases had been
diagnosed as SCLC by expert pathologists using hema-
toxylin and eosin (H&E) staining, based on the WHO
classification [23].

Due to inadequate amounts of viable cancer cells, 20
cases were excluded from the study leaving 35 cases. Basis
on TNM classification of malignant tumors 7th edition,
all cases were staged. Specimens were snap-frozen in
liquid nitrogen typically within 15 min after removal and
stored at —80°C. Written informed consent for research
was obtained from all patients, and our institutional
review board approved the study plan. We collected clini-
copathological details including neoadjuvant and adjuvant
chemotherapy (NAC and AC, respectively), and listed
them in Table 1.

Ten SCLC cell lines (COLO-668, COR-L51, COR-L88,
DMS-79, DMS-53, Lu-134A, MS-1, SBC-3, SBC-5, and
SBC-1), one adenocarcinoma cell line (A549) and a nor-
mal lung cell line (MRC-5), derived from embryonic
normal lung tissue, were used. The former four lines
were obtained from the European Collection of Cell
Cultures, and the other were from Japanese Collection
of Research Bio-resources or the RIKEN Bio Resource
Center. All cells were maintained in the Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with
2 mmol/L r-alanyl-L-glutamine solution, 1.1% antibiotic-
antimycotic mixed stock solution (Nacalai Tesque,
Kyoto, Japan) and 10% fetal bovine serum (FBS), at
37°C, 5% CO, incubator.

Primary-cultured normal bronchial epithelial (NBE)
cells were obtained from fresh surgical materials. Emer-
gence and proliferation of bronchial epithelial cells
around the samples without any proliferation of fibro-
blasts and contamination was confirmed by microscopy.

RNA preparation, reverse transcription, and
quantitative real-time polymerase chain
reaction

Total RNA from tissues and cells were extracted using the
RNeasy mini kit or RNeasy mini kit plus (Qiagen, Tokyo,
Japan). cDNAs were generated from 30 ng of total RNA.
The resulting ¢DNA was subjected to a 45-cycle
polymerase chain reaction (PCR) amplification step fol-
lowed by quantitative real-time PCR (qRT-PCR) using
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Table 1. Comparisons of clinicopathological factors of all SCLC patients enrolled (n = 35) and those with high- and low expression of HOTAIR.

All cases,
examined (n = 35)

Cases with high-HOTAIR

expression (n = 12)

Cases with low-HOTAIR

expression (n = 23)

Factors N % N % N % P value
Age (mean % SD) 65.8 + 6.60 63.3 £ 6.70 67.1 £ 6.30 0.10
Gender
M 25 714 9 75.0 16 69.6 0.53
F 10 28.6 3 25.0 7 30.4
Cumulative 52 + 31 52 £ 19 52 + 36 0.96
smoking
(pack-years)
Chemotherapy type
NAC — AC— 3 8.60 1 8.33 2 8.70
NAC + AC— 3 8.60 0 0 3 13.0
NAC — AC+ 23 65.7 8 66.7 15 65.2
NAC + AC+ 6 17.1 3 25.0 3 13.0
Regimen
NAC(n = 9) CDDP + VP16 (8) 22.9 3 25.0 5 21.7
CDDP + DOC (1) 2.90 0 0 1 4.35
AC(n = 29) CDDP + VP16' (22) 62.9 10 83.3 12 52.2
CBDCA + VP162 (4) 1.4 0 0 4 17.4
Mix; 1 and 2 (3) 8.60 1 8.33 2 8.70
Histological
type (SCLC)
Pure 24 68.6 11 91.7 13 56.5 0.04*
Combined 11 314 1 8.33 10 43.5
With Ad (5) 45.5 0 0 5 50.0
With LCC (2) 18.2 0 0 2 20.0
With LCNEC (4*) 36.4 1* 100 2 20.0
With others (1) 9.10 0 0 1 10.0
*include combined *include combined
case (with both case (with both
LCNEC/Ad) LCNEC/Ad)
Operation (SCLC)
Partial resection 3 8.60 1 8.33 2 8.70
Segmentectomy 0 0 0 0 0 0
Lobectomy (1 lobe) 27 771 10 833 17 739
Lobectomy + 1 2.90 1 8.33 0 0
partial resection
Lobectomy (2 lobes) 2 5.70 0 0 2 8.70
Pneumectomy 2 5.70 0 0 2 8.70
Pathological stage
1a 11 31.4 1 8.33 10 43.5
1b 4 11.4 2 16.7 2 8.70
2a 7 20.0 3 25.0 4 17.4
2b 2 5.70 0 0 2 8.70
3a 10 28.6 6 50.0 4 17.4
3b 1 2.90 0 0 1 435
4 0 0 0 0 0 0
Invasion (microscopic)
Vascular invasion 29 829 9 75.0 20 87.0 0.33
Lymphatic invasion 20 57.1 10 833 10 435 0.03*
Relapse 15 42.9 8 66.7 7 304 0.04*
Brain (6) 40.0 4 50.0 2 28.6
Lung (2) 13.3 2 25.0 0 0.
Mediastinal LNs (4) 26.7 3 37.5 1 14.3
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Table 1. Continued.

HOTAIR in Small-Cell Lung Cancer

All cases,
examined (n = 35)

Cases with high-HOTAIR
expression (n = 12)

Cases with low-HOTAIR
expression (n = 23)

Factors N % N % N % P value
Stomach (1) 6.70 0 0 1 14.3
Liver (3) 20.0 1 12.5 2 28.6
Adrenal gl. (2) 5.70 1 12.5 1 14.3
Others (pleural eff.) (1) 6.70 0 0 1 14.3
Survival
Alive 19 54.3 5 41.7 14 60.9
Dead 16 457 7 58.3 9 39.1
Lung cancer {11) 68.7 6 85.7 5 55.6
Other malignancy (2) 12.5 1 14.3 1 1.1
Qther disease (2) 12.5 0 0 2 22.2
Unknown (1) 6.30 0 0 1 1.1

45.3 4 35.7 mos.
40.9 + 38.5 mos.

DSS (mean + SD)
RFS/DFS (SCLC)
(mean =+ SD)

38.1 4 27.2 mos
30.8 £ 30.7 mos

49.0 = 39.5 mos
46.3 4 41.6 mos

SCLC, small-cell lung cancer; smoking index, a product of number of cigarettes per day by duration in years; NAC, neoadjuvant chemotherapy;
AC, adjuvant chemotherapy; CDDP, cisplatin; CBDCA, carboplatin; VP-16, etoposide; DOC, docetaxel; Ad, adenocarcinoma; LCC, large cell carci-
noma; LCNEC, large cell neuroendocrine carcinoma; LNs, lymph nodes; DSS, disease-specific survival; RFS, relapse-free survival; DFS, disease-free

survival.
*P < 0.05.

the LightCycler 480 SYBR Green I Master protocol
(Roche Applied Science, Indianapolis, IN). Triplicates
were run for each gene for each sample as previously
[16]. Based on previous studies [24], the amount of HO-

TAIR RNA was normalized to that of beta-actin (ACTB)

in tissue samples and xenografts, and to Glyceraldehydes-
3-phosphate dehydrogenase (GAPDH) in cell lines and
normal cells. The HOTAIR/ACTB ratio in 35 SCLC and
15 noncancerous lung tissues randomly chosen from the
35 patients were analyzed by qRT-PCR. Tumors were
divided into two groups with high- and low expression
based on HOTAIR/ACTB ratios, using receiver operating
characteristic (ROC) curve analysis. The primer sequences
are listed in Table S1.

HOTAIR expression of SCLC cell lines as well
as control cells

We assessed HOTAIR expression in above cell lines and
normal controls, normalizing to GAPDH. To define high-
and low-expression groups, we used the level of normal
controls, that is, the cut-off level of high expression was
defined as above those of normal controls.

SCLC cell xenografts

We examined HOTAIR expression in xenografts as well
[25]. Four-week-old male nude mice Crlj:CD]—FoxnINU
with ICR background were purchased from Charles River

© 2014 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

Laboratories, Japan, housed at the animal care facility of
our institute and kept under standard temperature,
humidity, and timed-lighting conditions and provided
mouse chow and water ad libitum. The five SCLC cell
lines with high expression (final concentration, 1.0 x 107
cells/0.3 mL phosphate buffered saline [PBS} each) were
injected directly into three sites of the abdominal subcu-
taneous adipose tissue of the mice in 0.3 mL of sterile
PBS. Developed tumors were immediately frozen in liquid
nitrogen and stored at —80°C until use.

RNA interference

Cells were transfected with 20 nmol/L small interfering
(si)RNAs targeting HOTAIR, using Lipofectamine RNAi-
MAX (Invitrogen, Carlsbad, CA) as per manufacturer’s
directions. Transfection efficiency was assessed using a
fluorescence microscope (Leica-DMIRE2) following 72 h
incubation after transfection of labeled positive control;
BLOCK-iT Alexa Fluor Red Fluorescent Oligo (Invitro-
gen) according to manufacturer’s procedures. Twenty
nmol/L (final concentration) of siRNAs and 1.5 uL of
Lipofectamine RNAIMAX in a total volume of 101.5 uL
were used for transfection of SBC-3 cells in 24-well based
analysis (transduction efficiency: 100%, knockdown effi-
ciency: 50%). We transfected #1-3 siHOTAIR as previ-
ously [8, 9, 14] to SBC-3 cells. After 72 h, total RNAs
were collected for gqRT-PCR analysis. Primer sequences
are listed in Table S1.
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