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Pattern of Metastasis Outside Tumor-Bearing
Segments in Primary Lung Cancer: Rationale for

Segmentectomy
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Hidemi Suzuki, MD, PhD, Tetsuzo Tagawa, MD, PhD, Takekazu Iwata, MD, PhD, and

Teruaki Mizobuchi, MD, PhD

Department of General Thoracic Surgery, Chiba University Graduate School of Medicine, Chiba, Japan

Background. Patterns of intrapulmonary metastasis,
particularly metastasis outside tumor-bearing segments,
were investigated in lung cancer patients to address the
rationale for segmentectomy.

Methods. In a consecutive series of patients who under-
went resection of two or more pulmonary segments for pri-
mary lung cancer, intrapulmonary spread patterns, such as
segmental/intersegmental node metastasis and pulmonary
parenchymal metastasis, were pathologically examined.

Results. Eligible 244 lesions included 167 adenocarci-
nomas, 66 squamous cell carcinomas, and 11 large cell
carcinomas. Pathologic stages included 0 to IA (n = 111),
IB (n = 56), IIA (n = 31), IIB (n = 20), ITIIA (n = 23), and
IIIB to IV (n = 3); and N1 (n = 26) and N2 (n = 22).
Intrapulmonary spread was observed in 24 cases (9.8%).
Of these, metastasis outside tumor-bearing segments was
only observed in 4 cases (1.6%), and such cancer spread

obectomy with systematic nodal dissection has been
La standard surgery for non-small cell lung cancer
(NSCLC) for more than 50 years [1], and sublobar resec-
tion such as wedge resection or segmentectomy [2, 3] is
an alternative for compromised patients as it was proved
that sublobar resection is inferior to lobectomy in terms of
local control as well as prognosis by the historical ran-
domized controlled study conducted by the Lung Cancer
Study Group in 1980s [4). However, a great interest in
limited resections has kept growing since small-sized and
peripheral lung cancer has increased over time. A num-
ber of studies performed in the 1990s and 2000s demon-
strated that segmentectomy is more radical than wedge
resection [5-8], and segmentectomy would be as curative
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was more frequently seen in cases with extrapulmonary
(hilar to mediastinal) nodal metastasis (7.9%) than in
cases without extrapulmonary metastasis (0.5%; p = 0.01).
Metastasis outside tumor-bearing segments was not
observed in 64 tumors with pure or mixed ground glass
opacity features on computed tomography. Although tu-
mor location (peripheral or central/intermediate) was not
related to the incidence of metastasis outside tumor-
bearing segments, intrapulmonary spread was observed
in only 1 of 52 peripheral small (20 mm) tumors. ,
Conclusions. Metastasis outside tumor-bearing seg-
ments is rarely observed in cases with tumors (1) without
extrapulmonary nodal metastasis and (2) with ground
glass opacity or peripheral small (<20 mm) features.

(Ann Thorac Surg 2014;97:1694-700)
© 2014 by The Society of Thoracic Surgeons

as lobectomy if peripheral and small-sized tumors were
selected [9]. Now limited resections for such a type of
NSCLC is one of the most important concerns of thoracic
surgeons.

In 1889, William Ewart first described the units of
bronchopulmonary segments, and Churchill and col-
leagues [10] stated that “the bronchopulmonary segment
may replace the lobe as the surgical unit of the lung,”
based on their experience of lingular segment resection in
1939. Foster-Caster and Hoyle [11] reevaluated this theory
based on radiologic findings, and defined the broncho-
pulmonary segment as that area of the lung supplied by a
principal branch of a lobar bronchus. Nevertheless, the
lymphatic spread hypothesis remains based on the
traditional nodal cascade spread theory [12, 13]. For
instance, lymphatic spread patterns should be primarily
prograde; this theory provides the rationale for segmen-
tectomy as a treatment for primary lung cancer. However,
recently it has also become accepted that no definitive

0003-4975/$36.00
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intrathoracic lymphatic spread pattern exists [14]; thus,
whether segmentectomy is a feasible treatment for lung
cancer considering intrapulmonary lymphatic spread
patterns remains to be clarified. Furthermore, paren-
chymal metastasis must also be considered in addition
to lymph node metastasis as a cause of lymphatic
spread [15].

The aim of this study was to better understand the
biology of intrapulmonary and regional lymph node
metastasis of NSCLC by examination of intrapulmonary
spread patterns, including mnodal and parenchymal
metastasis, in resected specimens.

Material and Methods

Patients

The Ethics Committee of Chiba University Graduate
School of Medicine approved this research (no. 1589).
From September 2009 to August 2012, a consecutive series
of 346 patients with 406 lesions undergoing pulmonary
resection for treatment of lung cancer was evaluated, and
clinical and pathologic data were collected in a prospec-
tive setting. The TNM staging and lymph node station
numbers were determined according to the seventh edi-
tion of the TNM classification for lung cancer (Union for
International Cancer Control-7) [16]. The exclusion
criteria of this study were resection of single segment or
less, no systematic sampling or dissection during the
surgery, ipsilateral multiple lesions, small cell lung cancer
and rare histologic type of NSCLC, and preoperative
cancer treatment including induction chemotherapy or
chemoradiotherapy.

In all patients, radiologic findings and locations of tu-
mors were defined by thin-section computed tomography
(CT), which involved multidimensional slicing and
reconstruction into axial, coronal, and sagittal views. Tu-
mor location was also classified into three loci based on
three-dimensional imaging: peripheral type was defined
as the center of tumor being located in the outer third
layer of the whole lung; central type was defined as the
center of tumor being located in the inner third layer; and
intermediate type was defined as the center of tumor
being located between peripheral type and central type.
Tumor CT findings were read by two or more radiologists
and assigned to one of the following three groups based
on axial CT imaging in a preoperative conference that all
general thoracic surgeons and radiologists attend: pure
ground grass opacity (GGO) type as 100% GGO appear-
ance; solid type as 100% solid appearance without any
GGO components; and mixed GGO type as any other
patterns (any combination of solid and GGO compo-
nents). Clinical information was collected from medical
charts.

Pathologic Examination of Lymph Nodes

After identification of each bronchus and intersegmental
veins that are segmental borders in the resected speci-
mens, intrapulmonary nodes, including intersegmental
nodes (station 13) and segmental nodes (station 14), were
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Tumor-bearing
segment

Non-tumor-bearing segments

Inside tumor-bearing
segmental nodes

Outside tumor-bearing
segmental nodes

hilar and lobar
nodes

Fig 1. Schema of hilar and lobar, and intrapulmonary nodes.
Intrapulmonary nodes (stations 13 and 14) were divided into two
groups: inside tumor-bearing segmental nodes (gray circles) and
outside tumor-bearing segmental nodes (open circles), according to
the harbored segment. Stations 10 to 12 were considered hilar and
lobar nodes (cross-hatched circles.)

dissected by a well-trained thoracic surgeon immediately
after surgery. Station 13 and station 14 nodes were
identified and separately recorded as being inside or
outside the tumor-bearing segment, and were subjected
to pathologic examination (Fig 1). We also separately
recorded extrapulmonary nodes, including hilar nodes
(hilar, station 10; interlobar, station 11; and lobar, station
12) and mediastinal nodes (stations 1-9). We defined
“skip N2 metastasis” as a mediastinal nodal metastasis
without any hilar, lobar, or intrapulmonary node
involvement. Intersegmental borders were determined by
detection of intersegmental veins. The lung parenchyma
was inspected after formalin fixation by pathologists, the
resected lung was cut into 1-cm slices in the axial plane,
and the pathologic parenchymal metastasis (pm) status
was also diagnosed and recorded.

These prospectively collected clinical and pathological
data were retrospectively analyzed with respect to
the relationships between clinicopathologic features
including tumor location, cancer spread pattern in the
intrapulmonary area, and cancer spread pattern outside
the tumor-bearing segment.

Statistical Analysis

Frequency analysis was performed using the ¥? test. The
Wilcoxon rank sum test was applied to continuous data.
Data were analyzed using JMP 10 software (SAS Institute,
Cary, NC). All p values were based on a two-tailed
hypothesis test; a p value of less than 0.05 was consid-
ered to have statistical significance.
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Results

Patient Characteristics

In a total of 406 lesions treated during the study period, 27
double cancers and 3 triple cancers were included. Based
on the exclusion criteria, 162 lesions were omitted from
the analysis for the following reasons: resection of single
segment or less (n = 58), no systematic sampling or
dissection (n = 9), ipsilateral multiple lesions (n = 49),
small cell lung cancer and rare histological type of
NSCLC (n = 12), and preoperative anticancer treatments
(n = 34). Consequently, 244 lesions were subjected to the
analysis described below.

The characteristics of eligible lesions are summarized
in Table 1. The 244 eligible lesions were present in 170
male patients and 74 female patients, and the average

Table 1. Characteristics of Eligible Patients

Characteristics All
Eligible lesions 244
Male/female 170/74
Age, years, = SD 68.4 + 8.3
Lesion side, right/left 138/106
Location of primary tumor
Peripheral 167
Intermediate/central 77
Computed tomography findings of primary lesion
Pure ground glass opacity 20
Mixed ground glass opacity 44
Solid 180
Tumor diameter, mm
<20 63
>20 to <30 76
>30 ‘ 105
Average 30.7 £ 15.1
Chronic obstructive pulmonary disease lung 47
Interstitial pneumonia lung 26
Surgery
Pneumonectomy ’ 4
Lobectomy 210
Segmentectomy 30
Histology
Adenocarcinoma 167
Squamous cell carcinoma 66
Large cell carcinoma 11
Nodal metastasis 48
pNO 196
pN1 26
pN2 22
Differentiation
Grade 1, well 70
Grade 2, moderate 108
Grade 3, poor 53
Lymphatic permeation (+) 39
Vessel invasion (+) 88
Pathologic pleural invasion (+), pl 1/2/3 31/12/23

236
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Right Upper Left Upper

Left Lower
34

Right Lower
44

Fig 2. Primary tumor location. Primary lesions were observed in the
following lobes: 77 (32%) in the right upper lobe, 17 (7%) in the right
middle lobe, 44 (18%) in the right lower lobe, 72 (30%) in the left
upper lobe, and 34 (14%) in the left lower lobe. (S = segment.)

patient age was 68.4 & 8.3 years. Primary tumor locations
included peripheral type (n = 167), intermediate type
(n = 49), and central type (n = 28). The CT findings were
pure GGO tumors (n = 20), mixed GGO tumors (n = 44),
and solid-type tumors (n = 180). Tumors were located in
the right lung in 138 cases and in the left lung in 106
cases. Tumor location details are shown in Figure 2. The
cohort included 167 adenocarcinomas, 66 squamous cell
carcinomas, and 11 large cell carcinomas. Pathologic
stages included stage 0 to IA (n = 111), stage IB (n = 56),
stage IIA (n = 31), stage IIB (n = 20), stage IIIA (n = 23),
and IIIB to IV (n = 3). Pathologic nodal metastasis was
observed in 48 lesions (20%), including 26 pN1 and 22
pN2 cases.

Extrapulmonary and Intrapulmonary Metastasis

Among 48 cases with nodal metastasis, extrapulmonary
nodal metastases were identified in 38 lesions, and
occurred more frequently in lesions in intermediate/
central locations (Table 2). Among the 38 lesions with
extrapulmonary node metastasis, intermediate/central
type and solid type lesions comprised a larger proportion
than they did among the 206 lesions without extrap-
ulmonary node metastasis. Pathologically, lymphatic
permeation and vessel invasion were more frequently
detected in lesions with extrapulmonary node metastasis
than in lesions without such metastasis, whereas no dif-
ference in pleural invasion was observed between the two
groups (Table 2).

Metastatic intrapulmonary nodes were observed in 20
lesions, representing 42% of lesions with nodal metastasis
(Table 2). Intrapulmonary parenchymal metastasis (pm1)
occurred in five lesions (2.0%), one of which was simul-
taneously accompanied by extrapulmonary nodal
metastasis. All pm1 lesions occurred in tumor-bearing
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Table 2. Clinical and Pathologic Factors of Cases With and Without Extrapulmonary Node Metastasis

Extrapulmonary Nodes
(Hilar to Mediastinum)
Stations 1-12

Clinical and Pathologic Factors All (+) (=) p Value
Total 244 38 206
Intermediate/central 77 18 59 0.04
Solid appearance 180 37 143 <0.0001
Average tumor size, mm 30.7 4 15.1 33.4 - 14.8 30.2 = 16.1 0.11
COPD lung 47 7 40 1.00
Interstitial pneumonia lung 26 3 23 0.78
Intrapulmonary nodes (stations 13, 14) 20 11 9 <0.0001
Parenchymal metastasis (pm1) 5 1 4 0.57
Intrapulmonary spread (stations 13, 14, or pm1) 24 12 12 <0.0001
Metastasis inside tumor-bearing segment (stations 13, 14, pm1) 20 9 11 0.001
Metastasis outside tumor-bearing segment (stations 13, 14, pm1) 4 3 1 0.001
Lymphatic permeation (+) 39 18 21 <0.0001
Vessel invasion (+) 88 25 63 <0.0001
Any pathologic pleural invasion (+) 66 14 52 0.17

COPD = chronic obstructive pulmonary disease.

segments. These five lesions were poorly to moderately
differentiated adenocarcinomas. Altogether, intrapul-
monary spread was observed in 24 lesions (9.8%), of
which 19 were segmental/intersegmental nodal metasta-
ses, 4 were parenchymal metastases, and 1 was both. Of
the 24 lesions, 12 (50%) were associated with extrap-
ulmonary node metastasis, including 3 instances of skip
N2 metastasis. Intrapulmonary spread was more fre-
quently observed in lesions with extrapulmonary node
metastasis (Table 2), intermediate/central type tumors,
and in solid type lesions compared with their respective
counterparts (Tables 2 and 3).

Metastasis outside the tumor-bearing segment was
observed in only 4 cases (17%), representing only 1.6%
all lesions (Table 2). Three of the four lesions were
associated with extrapulmonary node metastasis, rep-
resenting 7.9% of lesions (3 of 38) with extrapulmonary

node metastasis (Table 2); the other one was not asso-
ciated with any nodal metastasis or parenchymal
metastasis, and represented only 0.5% of the total lesions
(1 of 206) without extrapulmonary metastasis. Among all
lesions, primary tumors were most commonly solid type,
whereas primary tumor locations were not significantly
associated with the incidence of the type of metastasis
(Table 3). In the 4 cases with metastasis outside
the tumor-bearing segment, interestingly, all primary
tumors were located in the left lung, three being in the
left upper lobe.

Peripheral Small Tumors

Of the 167 peripheral type lesions, 52 (31%) were 20 mm
or less in diameter. Among these, nodal metastasis was
observed in 9.6% of lesions (5 of 52), all of which were
solid type and were associated with multiple nodal

Table 3. Tumor Localization, Computed Tomography Findings, and Intrapulmonary Spread

Intermediate/ Pure/Mixed

Characteristics All  Peripheral Central p Value GGO Solid p Value
Total 244 167 77 64 180
Extrapulmonary nodes (stations 1-12) 38 20 18 0.04 1 37 <0.0001
Hilar and lobar nodes (stations 10-12) 30 15 15 0.03 1 29 0.0014
Skip N2 8 5 3 0.71 0 8 0.12
Intrapulmonary nodes (stations 13, 14) 20 11 0.02 1 19 0.03
Parenchymal metastasis (pm1) 5 1 4 0.04 0 5 0.33
Intrapulmonary spread (stations 13, 14, or pm1) 24 10 14 0.005 1 23 0.007
Metastasis inside tumor-bearing 20 8 12 0.01 1 19 0.03

segment (stations 13, 14, pm1)
Metastasis outside tumor-bearing 4 2 2 0.59 0 4 0.57

segment (stations 13, 14, pm1)

GGO = ground glass opacity.
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metastasis in extrapulmonary nodes. Spread outside
tumor-bearing segments was not observed, whereas
spread inside tumor-bearing segments was observed in 1
case (1.4%). In lesions without extrapulmonary node
metastasis, no intrapulmonary spread was observed in
association with peripheral small (<20 mm) tumors.
Among the 167 peripheral type lesions, 103 (62%) had
a diameter of 30 mm or less. Nodal metastasis was
observed in 10 of these 103 lesions (9.7%), all of which
were solid type primary tumors.

Tumor Spread Pattern

A flowchart based on tumor-spread pattern is illustrated in
Figure 3. Cancer spread outside tumor-bearing segments
in patients with hilar or mediastinal nodal metastasis
occurred in 7.9% cases (3 of 38), whereas the frequency was
0.5% (1 of 206) among patients without hilar or mediastinal
nodal metastasis; this result is consistent with the concept
of the bronchopulmonary segment. As such, the 205 le-
sions might be completely resected by segmentectomy
following the right path in Figure 3. The extrapulmonary
node metastasis is searchable at the time of surgery;
therefore, this would be a crucial condition for selection of
candidates for segmentectomy. Among these 205 lesions,
194 lesions without intrapulmonary spread might be
radically removed by wedge resection; however, such
metastasis can only be demonstrated through detailed
pathologic examination. There would be no doubt that
lobectomy or more substantial surgery should be used in
the 38 cases with extrapulmonary nodal metastases (left
half of the path of Fig 3). However, 35 of the 38 cases (92%)
were not accompanied by spread outside the tumor-
bearing segment.

Comment

It is very important to better understand intrapulmonary
spread pattern of NSCLC because spread to outside of
tumor-bearing segment leads to locoregional recurrence
in case of segmentectomy; that is now paid great attention
as a novel surgical modality for peripheral small NSCLC.
In case no lymph node metastases are found in resected
specimens, patients would not undergo any treatments

Ann Thorac Surg
2014;97:1694-700

until local recurrence appears even if they have metas-
tasis outside of tumor-bearing segments. The historical
randomized trial conducted by the Lung Cancer Study
Group [4] clearly indicated that local recurrence after
sublobar resection is associated with unfavorable sur-
vival. In this study, the intrapulmonary spread pattern of
NSCLC was fully examined using resected specimens.

Nodal metastasis to the intrapulmonary region is a
common pattern of spread, and nodal metastasis to sta-
tions 12 and 13 has been reported to occur in 38.5% of
pN1 patients [17]. Furthermore, the prognosis of pN1
patients with only intrapulmonary nodal metastasis (ie,
stations 13 and 14) has been reported to be as poor as that
for pN1 patients without intrapulmonary nodal metas-
tasis [18]. Thus, the indication for limited resection should
be carefully defined to avoid failure in removal of intra-
pulmonary metastatic lesions. In particular, metastasis
outside tumor-bearing segments is an issue to be
resolved. In this study, we analyzed the intrapulmonary
spread pattern by nodal and parenchymal inspection of
resected lungs; metastasis outside tumor-bearing seg-
ments was observed in only four lesions (1.6% of total
lesions), and the clinicopathologic features of these
lesions included primary tumor in the left upper lobe
(75%), solid tumor (100%), and multiple nodal metastases
in extrapulmonary nodes (75%).

We observed one lesion located in the superior lingular
segment (S4) with intrapulmonary metastasis outside the
tumor-bearing segment that was not associated with any
other metastasis. Topol and associates [19] demonstrated
the existence of a nodal metastatic tract across the inter-
segmental plane between the superior and inferior lin-
gular segments in 2 of 135 examinations of cadaveric lungs.
The tract may function as another lymphatic metastatic
route. Even though this tract is very rare, it should be kept
in mind when considering sublobar resection. Another
explanation for this lesion not being associated with any
other metastasis is remodeling of lymphatics due to
chronic lung disease [20], as the patient had chronic
obstructive pulmonary disease and interstitial pneumonia.

Solid type tumors comprise 96% of lesions (23 of 24)
with intrapulmonary metastasis, 100% (5 of 5) with
parenchymal spread, and 100% (4 of 4) with metastasis

Extrapulmonary ALL

Fig 3. Tumor spread pattern. The algorithm
shows a cascade based on three tumor-spread nodal metastasis -
processes: (1) extrapulmonary nodal metas- 23 %gg f;erfpzera: <20
tasis, (2) intrapulmonary spread, and (3) “‘5 Yes \ No 47 eripneral and £ 20mm
metastasis outside tumor-bearing segments. X
'I"h.e number of lesions that fulfill each con- Intrapulmonary Intrapulmonary
dition are shown, from the top: total lesions d d
. . 12 spreas 2 12 sprea 194
(black numbers), peripheral lesions (green ¢
numbers), and 20 mm or less peripheral ‘11 Yes / \ No 12 . / \ N 12;
lesions (red numbers). The single patient e o
with metastasis on the outside of the tumor- Metastasis outside Metastasis outside

bearing segment without any hilar or
mediastinal nodal metastasis is noted by 3
an asterisk (*).
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tumor-bearing segment

9
1 3
OYes/ \Nol

_tumor-bearing segment

1 11
1 5
0 Yes/ \ No 0



Ann Thorac Surg
2014;97:1694-700

outside tumor-bearing segments. In the literature, 16% of
solid type tumors of 20 mm or less are associated with
nodal metastasis [21]. Consequently, solid tumors should
be carefully considered for limited surgery.

Small tumor size should be a required condition for
limited surgery in consideration of surgical margins.
Okada and associates [22] suggested segmentectomy
with lymph node assessment as an alternative to lo-
bectomy in patients with 20 mm or less NSCLC, and the
present results support this theory. Several studies have
advocated that candidates include a tumor size of 30
mm or less [7, 9, 22]. In the present study, of 103 lesions
with a diameter of 30 mm or less, 3 intrapulmonary
spread lesions (2.9%) without any extrapulmonary
nodal metastasis were observed. In contrast, no such
lesions were observed among 52 lesions with a diameter
of 20 mm or less. Thus, nonanatomic sublobar resection
for peripheral tumors 30 mm or less could allow the
tumor to remain. In our series, 5 patients of 27 with
mixed GGO tumors more than 20 mm underwent seg-
mentectomy owing to inadequate pulmonary reserve.
Recently, Asamura and colleagues [23] reported that 2
cm to 3 ¢m (T1b) adenocarcinoma with 0.5 or less
consolidation/tumor diameter ratio showed a signifi-
cantly favorable prognosis, with 96.4% survival at 5
years after lobectomy in a prospective observational
study (JCOG0201). Such tumors may be well indicated
for sublobar resection. Now the Japanese Clinical
Oncology Group plans to start a new prospective study
to verify this issue.

Skipping N2 metastasis, which occurred in 8 cases
(3.3%), must also be considered. No bias was observed
with regard to the side of the lung or tumor location;
however, it was noted for peripheral small tumors (38% in
tumors <20 mm, and 50% in tumors <30 mm). In the
literature, this type of nodal spread has been reported to
occur in 20% to 40% of patients, as detected during au-
topsy [24], as well as in 35% of N2 patients [25]. Based on
these observations, we assume that the skip N2 pattern
must be approached carefully when performing limited
surgery. In addition to hilar and lobar node inspection,
mediastinal nodal inspection must be conducted even
when limited resection is performed as accurate nodal
staging is crucial to the decision regarding adjuvant
chemotherapy.

Finally, the optimal candidacy for limited resection,
particularly segmentectomy, must be addressed. Devel-
opment of strategies for judging the presence of such
metastasis might increase the number of candidates for
segmentectomy. Computed tomography is one of the
tools used to select candidates for segmentectomy, as
reported previously [26]. In 64 pure/mixed GGO type
lesions in this study, no spread outside the tumor-bearing
segment was observed, whereas cancer spread inside the
tumor-bearing segment was seen in one lesion. In 52
peripheral small size (<20 mm) tumors without extrap-
ulmonary nodal metastasis, no intrapulmonary metas-
tasis was found; therefore, such lesions also appear to be
good candidates for segmentectomy from the viewpoint
of intrapulmonary spread pattern.
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In conclusion, cancer spread to the outside of the
tumor-bearing segment is infrequently observed in lung
cancers when the tumor is not associated with extrap-
ulmonary nodal metastasis, in pure-mixed GGO lesions
or in peripheral small (<20 mm) lesions.

The authors sincerely thank all of the thoracic surgeons in the
Department of General Thoracic Surgery, Chiba University
Hospital, for their cooperation in data collection.
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INVITED COMMENTARY

The work of Sakairi and associates [1] provokes thoughts
on our basic concepts of “adequacy of surgery” fostered
from the Halstedian “centrifugal pattern” of cancer
spread [2]. Although Halsted’s “complete surgical man-
agement” concept was challenged even after its inception
[3], this deeply rooted dogma of our surgical heritage is a
hard principle from which to depart.

The authors provide rather convincing data carefully
assimilated from a large clinicopathologic evaluation of
anatomic resections of 2 or more pulmonary segments for
what I perceive was believed to be clinical stage I primary
lung cancer amenable to sublobar resection. They
conclude that the likelihood of tumor spread beyond the
confines of the parenchyma of the “extended segmen-
tectomies” of this series was very unlikely.

Among patients with small peripheral lesions (< 2.0 cm
in diameter) or with predominant ground-glass lesions by
computed tomographic imaging, the occurrence was
negligible. However, the occurrence was greatest among
those patients found on pathologic review to have had
extrapulmonary nodal metastases (15.5% of the entire
group).

I come away with a few thoughts and further questions
regarding this analysis. It appears that the primary
determining factors related to reliance on segmentectomy
as definitive local therapy for clinical stage I lung cancer
are tumor size and morphologic characteristics of the
lesion seen on computed tomography. The primary
negative determinant is the identification of intra-
operative determination of extraparenchymal nodal
metastases.

The similarity of these findings to those of sentinel
node evaluation for stage I and stage II breast cancer in
determining the use of axillary lymph node dissection is
striking. Because no clinical outcomes related to these

© 2014 by The Society of Thoracic Surgeons
Published by Elsevier Inc
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anatomic/pathologic findings are provided in this work,
we conjecture that the use of more radical surgical pro-
cedures for a positive “sentinel node” finding may have
the equivocal long-term outcome as noted with lesser
surgical procedures for breast cancer [4].

Although local failure can be an important consider-
ation for the minority of patients undergoing anatomic
segmentectomy for presumed favorable peripheral stage
I lung cancers, these recurrences and the presence of
nodal metastases are largely harbingers of an aggressive
phenotype of disease beyond the boundaries of the sur-
geon’s knife.

Rodney |. Landreneau, MD
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introduction

The median age at the time of the diagnosis of lung cancer is
71 years according to the Surveillance, Epidemiology and End
Results Cancer Statistics. Lung cancer in patients younger than
the age of 40 years is rare and comprises approximately 2.7% of
all lung cancers.' Various reports have discussed the prognosis of
lung cancer in young patients. Some studies have shown that

young patients have a better prognosis,”” and others have
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reported no survival differences between young and old
patiencs.' !

Small-cell lung cancer (SCLC) is an undifferentiated neoplasm
composed of primitive-appearing small cells, and rapid progression
and extensive metastases are typically observed at the time of pre-
sentation. Some previous articles have reported the incidence of
SCLC in young patients.""* SCLC patients account for 0% to 5%
of lung cancer patients younger than 40 years of age.“4 However,
the treatment outcomes have not been reported and the results of
the pathological examinations have not been validated in young
SCLC patients.

Recently, carcinomas with nuclear protein of the testis (NUT)
rearrangements have been included in the differential diagnosis of
SCLC because of their morphological similarities. NUT midline
carcinoma (NMC) often arises from midline structures, such as the
mediastinum and the upper aerodigestive tract, in young people.
NMC is a rare and aggressive carcinoma that is characterized by

chromosomal rearrangement at the NUT gcne.‘) NMC is a lethal

15257304/5 - see frontmatter © 2013 Elsevier Inc. Al rights reserved.
hitp:/ /dx.doi.org/10.1016/4.lc.2013.06.012
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disease despite intensive therapies'
in differential diagnoses of poorly differentiated squamous cell car-
cinoma, undifferentiated carcinoma, and other small round cell
tumors.'* SCLC with NUT rearrangements has not been previously
reported.

The objective of the present study was to reevaluate the validity of
the diagnosis of SCLC in young patients before the era of immuno-
histochemistry (IHC) staining and molecular analyses, including the
evaluation of NUT rearrangements. We also evaluated the clinical

response to treatment and the outcome of SCLC in young patients.

Patients and Methods
Patients

Small-cell lung cancer patients who were 40 years old or younger
and who had been treated with chemotherapy at the National
Cancer Center Hospital in Tokyo, Japan, between 1993 and 2010

were retrospectively identified.

Data Collection and Evaluation of Tumor Response

The following clinical data were collected from the medical
records: patient characteristics, treatment regimens, and treatment
outcomes. The tumor responses were evaluated according to
the Response Evaluation Criteria in Solid Tumors, version 1.1.
We evaluated the best overall response. When the disease status
was stably maintained for more than 8 weeks, the patient was
considered to have stable disease.

Immunobistochemical and Molecular Analyses

For IHC staining, 4-im thick sections from a paraffin block were
routinely deparaffinized. The detailed antigen retrieval methods
and antibody dilutions used for each primary antibody are listed
in Table 1. We used an automated stainer (DAKO, Carpinteria, CA)
for the primary antibody incubation, according to the vendor’s pro-
tocol. ChemMateEnVision (DAKQ) detection methods were used.

To assess the presence of NUT rearrangements, we used break-
apart NUT probes (RP11-412E10 for NUT centromere and
RP11-1H8 for NUT telomere; Chromosome Science Lab, Inc,
Sapporo, Japan) according to the manufacturer’s instructions. At
least 50 nonoverlapping tumor cells were examined, and cases with
more than 20% of the cells showing split-apart signals were
considered to be positive for NUT rearrangements.

Survival Definition
Overall survival was defined as the period between the start of the
first treatment and death from any cause or the last follow-up

examination.

Results
Patient Characteristics

A retrospective review of 747 patients who had been diagnosed as
having SCLC was conducted. Although 9 patients younger than
the age of 40 years were originally diagnosed as having SCLC and
were treated accordingly, the tumor in 1 patient did not exhibit the
typical morphological features of SCLC according to the presently
used pathological criteria. Thus, we excluded this patient and ulti-
mately retrieved clinical data for 8 patients (1.1%) younger than the
age of 40 years. The patients were between the ages of 18 and 40
and consisted of 4 men and 4 women; 5 of the patients were current
smokers. Three patients had limited disease SCLC (LD-SCLC), and
5 patients had extended disease SCLC.

Histological Profiles

Among the 8 cases, 4 cases were reevaluated using hematoxylin
and eosin (H & E) and IHC staining. The other 4 cases were
reviewed based on pathological reports obtained from the primary
hospital. Based on the standard pathological criteria used for the
diagnosis of SCLC,'® 4 patients had received accurate diagnoses of
SCLC (patients 1-4). However, the 4 other patients might not have
actually had SCLC, because these patients exhibited atypical
morphological features for SCLC (patients 5-8). The clinical in-
formation and the IHC results for all patients are listed in Table 2.
NUT rearrangements were observed in 2 patients (Patients 7 and 8).
One patient (patient 7) had positive NUT IHC and fluorescence
in situ hybridization findings in addition to exhibiting the typical
morphological features of SCLC (Fig. 1).

Clinical Response and Outcome

Overall, 4 of the 8 patients responded to first-line treatment
(4 partial response, 2 stable disease, 1 progressive disease, and
1 not evaluated). All 3 LD-SCLC patients had partial responses
to chemoradiotherapy. Of the 2 NMC patients, I NMC patient
(patient 7) had progressive disease after 2 cycles of cisplatin-based
chemotherapy. Another NMC patient (patient 8) had a partial
response to 2 cycles of cisplatin-based chemotherapy. The overall
survival periods of the patients ranged from 3.6 to 49.7 months.
The patients with NUT rearrangements survived for less than
12 months.

Discussion

In our study, we used immunohistological and molecular analyses
to reevaluate the treatment outcomes and the validity of the di-
agnoses in young patients who had been diagnosed as having SCLC.

Based on our reevaluation of 8 patients, we could identify only

1 : O DAKO. .~ BG7G3/1 Citrate buffer- S1100
CD56 Novocastra 186 Citrate buffer ; 1/200
D% o seNET o . Citaebuffer | 150
Synaptophysin DAKO 27G12 TRS9 (98°C, 40 min) 1n 00’
Chromogranin A~ S DAKO et . Citratebuffer | 1/500

NUT Cell Signaling C5281 TRS9 (98°C, 40 min) 1/45
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SCLC and NUT Midline Carcinoma in Young Patients

4 patients who had received accurate diagnoses of SCLC. Evalua-
tions based only on morphological features were likely to have
resulted in misdiagnosis; 2 of the patients were ultimately diagnosed
as having NMC. Thus, special attention to the possible presence of
NMC mimicking SCLC is needed for the differential diagnosis of
SCLC in patients younger than 40 years.

Most SCLCs exhibit a typical morphology and their diagnosis is
thus straightforward, with IHC staining being unnecessary.'”
However, in problematic cases, such as in young patients, non-

smokers, and tumors that are difficult to distinguish from other

malignancies, a diagnosis of SCLC should be very carefully per-
formed using immunohistochemical and molecular diagnostic
techniques. Of note, our additional analyses revealed the presence
of NMCs in 2 of the patients who had originally been diagnosed
as having SCLC and had been treated accordingly. Thus, for the

Chemoradiotherapy -
Chemoradiotherapy
 Chemotherapy alone.
Chemotherapy alone
- Chemoradiotherapy =~ |~ PR
Chemotherapy alone
 Chemotherapy alone
Chemotherapy alone

accurate diagnosis of SCLC, especially in young patients, not only
light microscopy examinations but also immunohistochemical and

molecular analyses should be performed.

Approximately 60 cases of NMC have been reported to date.'* In
two-thirds of these reported NMC cases, NUT on chromosome
15q14 is fused to BRD4 on chromosome 19p13.1, forming NUT-
BRD4. In approximately one-third of the cases, the partner gene
is BRD3 or an uncharacterized gene (NUT-BRD3 and NUT
variants).'™'® The histological differential diagnosis of NMC in-
cludes poorly differentiated squamous cell carcinoma, undifferen-

ND
ND
D
ND

e

tiated carcinoma, and other small blue round cell tumors, such as
. 2

primitive neuroectodermal tumor.'* In our study, the H & E results

in 2 patients with NUT rearrangements showed features that were

consistent with combined small-cell and squamous cell carcinoma in
1 patient (patient 7) and with small-cell carcinoma in another pa-

ND
11,040
12,010
ND-

ND

tient (patient 8). Previous reports and review articles have suggested

that negative neuroendocrine antigen results are helpful for the
diagnosis of NMC'%; however, patient 7 exhibited not only a

neuroendocrine morphology, but also immunopositivity for CD56.
Although CD56 is not a complete marker for neuroendocrine dif-

LD
ED
LD
ED
ED
ED

ferentiation, NMC with positive neuroendocrine markers has not
been previously reported; thus, this is the first case report to describe
such a lesion. These results indicate that young patients should not

be diagnosed as having SCLC based only on a neuroendocrine
morphology and a neuroendocrine phenotype without performing
an analysis to detect NUT rearrangements.

Concerning the treatment of NMC, most previously reported

patients received combination multidrug chemotherapy, such as

6,1

. . 16,17 . 16
platinum-based regimens and lymphoma regimens "; however,

most of these patients died within 1 year.'™” No drugs that

34
39
21

40
39
545
29

contribute to a long survival period have been found. As for new

agents, the domain inhibitor for BRD4 and histone deacetylase
18-20

inhibitors have been studied and reported in some journals.

Although these agents are still in development, the use of these

agents for the treatment of NMC is anticipated. The accumulation
of numerous NMC cases is important, and the development of
more effective treatments for patient with NMC is needed.

Conclusion
Malignancies in young patients should be carefully diagnosed

using JHC and molecular diagnostic techniques. Moreover, the
possibility of NMC should be considered, especially in young

Abbreviations: ED = extended disease; F = female; IHC resufts = immunohistochemistry results for neuroendocrine antigens; LD = limited disease; M = male; ND = no available data; NE = not evaluated; 0S = overall survival; ProGRP = progastrin-releasing peptide;

PS = performance status,
%CD56 was positive in only part of the tumor,
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patients thought to have SCLC in which atypical histological fea-
tures are observed using H & E and THC staining.

Clinical Practice Points

e Most SCLC cases can be diagnosed using H & E staining.

o However, in problematic cases, such as young patients, non-
smokers, and tumors that are difficult o distinguish from other
malignancies, the diagnosis of SCLC should be very carefully
performed.

o In our study, genetic rearrangement of NUT was revealed in
2 patients.

o We suggest that a diagnosis of SCLC should be very carefully
performed using immunohistochemical and molecular diagnostic
techniques, especially in young patients.
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Objectives: Advances in the molecular profiling of lung adenocarcinoma over the past decade have led to
a paradigm shift in its diagnosis and treatment. However, there are very few reports on the molecular
profiles of small cell lung cancers (SCLCs). We therefore conducted the present Shizuoka Lung Cancer
Mutation Study to analyze genomic aberrations in patients with thoracic malignancies.
Materials and methods: We collected samples of SCLC from a biobank system and analyzed their molecular
profiles. We assessed 23 mutations in nine genes (EGFR, KRAS, BRAF, PIK3CA, NRAS, MEK1, AKT1, PTEN, and
HER2) using pyrosequencing plus capillary electrophoresis. We also amplified EGFR, MET, PIK3CA, FGFR1,
and FGFR2 using quantitative real-time polymerase chain reaction (PCR) and the fusion genes ALK, ROS1,
Driver mutation and RET using reverse transcription PCR.
PIK3CA Results: Between July 2011 and january 2013, 60 SCLC patients were enrolled in the study. Samples
EGFR included eight surgically resected snap-frozen samples, 50 formalin-fixed paraffin-embedded samples,
and seven pleural effusion samples. We detected 13 genomic aberrations in nine cases (15%), including
an EGFR mutation (n=1, G719A), a KRAS mutation (n=1, G12D), PIK3CA mutations (n =3, E542K, E545K,
E545Q), an AKTT mutation (n =1, E17K), a MET amplification (n=1),and PIK3CA amplifications (n =6). EGFR
and KRAS mutations were found in patients with combined SCLC and adenocarcinoma. No significant
differences were detected in the characteristics of patients with and without genomic aberrations. How-
ever, serum neuron-specific enolase and progastrin-releasing peptide levels were significantly higher in
patients without genomic aberrations than in those with aberrations (p=0.01 and 0.04, respectively).
Conclusion: Genomic aberrations were found in 15% SCLC patients, with PIK3CA amplifications most
frequently observed. To further our understanding of the molecular profiles of SCLC, comprehensive
mutational analyses should be conducted using massive parallel sequencing.

© 2014 Elsevier Ireland Ltd. All rights reserved.
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1. Imtroduction

Lung cancer is the most common cause of cancer-related deaths,
and small cell lung cancer (SCLC) accounts for approximately 12%
of all lung cancers [1]. It follows a very aggressive course, with
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approximately 60-70% patients having disseminated disease at
diagnosis. Although SCLC shows high sensitivity to chemotherapy
and radiotherapy, the median survival time for extended-disease
SCLC is 8-13 months, and the 2-year survival rate is only 5% [2].
Molecular abnormalities have been discovered in patients with
non-SCLC over the last decade, and these discoveries have led to
a paradigm shift in its diagnosis and treatment. For example, a
relationship between activating epidermal growth factor receptor
(EGFR) mutations and response to gefitinib was reported in 2004
[3.4]. Subsequently, a number of randomized studies showed that
patients with activating EGFR mutations were highly responsive to
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EGFR tyrosine kinase inhibitors such as gefitinib and erlotinib [5-8].
Currently, itis essential that lung adenocarcinomas are classified on
the basis of genomic aberrations to ensure that patients are treated
with the appropriate molecular-targeted drugs [9,10]. Analyses
of genomic aberrations and the development of new molecular-
targeted drugs are ongoing for lung adenocarcinoma. In contrast,
there have been few innovations in the treatment of SCLC, despite
extensive basic and clinical research over the past 30 years.

There have been few molecular profiles of SCLC, and, till date, no
molecular-targeted drugs have shown clinical activity against SCLC
[11]. Identification of genomic aberrations linked to SCLC would
facilitate the identification of potential therapeutic targets.

We conducted the present Shizuoka Lung Cancer Mutation
Study to assess genomic aberrations in patients with thoracic
malignancies. A biobank system was established in collaboration
with a clinic pathology lab in July 2011. Mutational data were
communicated to clinicians and utilized for assigning patients to
appropriate therapy and/or enrolling them in clinical trials. Here
we report the genomic aberrations identified in patients with SCLC
in the Shizuoka study.

2. Materials and methods
2.1. Patients

We collected samples of SCLC from a biobank system and ana-
lyzed these to determine their molecular profiles. To evaluate the
relationships between any genomic aberrations and patient charac-
teristics, we collected patient demographic and clinical data from
medical records. All patients who participated in this study pro-
vided their written informed consent.

Pathological diagnoses were made by institutional pathologists
according to the 2004 World Health Organization classification
based on morphology (uniform round to spindle-shaped small
cells, sparse cytoplasm, high mitotic index, and necrotic areas). The
diagnosis of SCLC was confirmed when necessary by immunohis-
tochemical analyses of neuroendocrine markers (synaptophysin,
chromogranin A, and CD56). And when it is difficult to diagnose
samples as SCLC, we additionally performed immunohistochem-
istry with makers, such as CAM5.2, TTF-1 and Keratin. If more
than 10% of a sample comprised adenocarcinoma, the patient
was diagnosed with combined SCLC and adenocarcinoma. Surgi-
cally resected samples were macrodissected before nucleic acid
extraction and tumor biopsy samples with 10% or more tumor cell
component were tested for mutational profiling [12]. All of pleural
effusion samples were confirmed that malignant cells were present
in each pleural effusion by cytology and we analyzed the cytologi-
cally confirmed pleural effusion specimens subsequently.

Smokers were defined according to the Brinkman index (BI) as
light (BI value <600) or heavy (BI value > 600) smokers. Limited
stage-disease was defined as disease confined to one hemithorax,
the ipsilateral supraclavicular fossa, or both. Disease not meet-
ing these criteria was defined as extended-stage disease. Serum
neuron-specific enolase (NSE) levels were measured using a solid-
phase radioimmunoassay (RIA) method (SRL Inc., Tokyo, Japan),
and progastrin-releasing peptide (Pro-GRP) levels were measured
using an enzyme-linked immunosorbent assay (ELISA) kit (FUJIRE-
BIO Inc., Tokyo, Japan).

2.2. Clinical genotyping

We developed a multiplexed tumor genotyping platform to
assess 23 mutations in nine genes (EGFR, KRAS, BRAF, PIK3CA, NRAS,
MEK1, AKT1, PTEN, and HER2), EGFR, MET, PIK3CA, FGFR1, and FGFR2

Table 1
Multiplexed tumor genotyping panel.

Gene name Position AA mutant Nucleotide mutant
EGFR G719 G719 2155G>TjA
G719A 2156G>C
exon 19 Deletion
T790 T790M 2369C>T
exon 20 Insertion
L858 LB58R 2573T>G
L861 L861Q 2582T>A
KRAS G12 G12C[S/R 34G>T/A/C
G12V/A/D 35G>T/C/A
G13 G13C/S/R 37G>T/A/C
G13D/A 38G>A/C
Q61 Q61K 181C>A
Q61RJL 182A>G(T
Q61H 183A>T/C
BRAF G466 G466V 1397G>T
G469 G469A 1406G>C
L597 L597v 1789C>G
V600 V600E 1799T>A
PIK3CA E542 E542K 1624G>A
E545 E545K/Q - 1633G>A/C
H1047 H1047R 3140A>G
NRAS Q61 Q61K 181C>A
Q61L/R 182A>T/G
MEK1 (MAP2K1) Q56 Q56P 167A>C
K57 K57N 171G>T
D67 D67N 199G>A
AKT1 E17 E17K 49G>A
PTEN R233 R233* 697C>T
HER2 exon 20 Insertion

amplifications, and EML4-ALK, KIF5B-RET, CD74-R0OS1, and SLC34A2-
ROS1 fusion genes (Table 1).

2.3. Nucleic acid sample preparation

DNA samples were extracted from surgically resected tissues,
body cavity fluids, and tumor biopsy sections using a QIAamp DNA
mini kit (QIAGEN, Hilden, Germany) or a QlAamp DNA formalin-
fixed paraffin-embedded (FFPE) tissue kit (QIAGEN). The DNA
concentration was measured using a Quant-iT PicoGreen dsDNA
assay kit (Invitrogen, Carlsbad, CA). Total RNAs were isolated with
an RNeasy Mini kit (QIAGEN) and measured using a spectropho-
tometer (NanoDrop 2000C; Thermo Scientific, Wilmington, DE).

2.4. Pyrosequencing

Pyrosequencing was used to detect single base substitution-
type mutations. An internal fragment of each gene was amplified
by polymerase chain reaction (PCR) using primers specific for each
gene and a PyroMark PCR kit (QIAGEN). The resulting PCR products
were sequenced with the PyroMark Q24 (QIAGEN) pyrosequencer
using PyroMark Gold Q96 reagents (QIAGEN) and sequencing
primers specific for each gene.

2.5. Fragment analysis

Insertion/deletion-type mutations were identified by sizing the
PCR-amplified products using capillary electrophoresis (QIAxcel,
QIAGEN).

2.6. Gene copy number analysis

Copy number was evaluated by quantitative real-time PCR (qRT-
PCR) performed on a StepOnePlus Real time PCR system (Applied
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Biosystems) using SYBR® Premix Ex Taq™ Il (Tli RNaseH Plus)
(TAKARA BIO) and PCR primers for each gene. If the gene copy
number from the samples was more than double that of the cell line
known to be normal human genomic DNA, it was considered as evi~
dence of amplification. Detailed methods are described previously
[12].

2.7. Screening for transcripts of fusion genes

Fusion genes were detected by multiplex RT-PCR. Synthesis of
cDNA templates was performed with total RNA (1 .g) using Oligo
(dT)12-1g Primer (Invitrogen) and Omniscript RT (QIAGEN) Kkits.
EML4-ALK and ROST fusion genes were detected according to the
methods of Sun et al. [13] and Li et al. [14], respectively. Methods
for the detection of KIF5B-RET fusions were kindly provided by Dr.
Takashi Kohno (National Cancer Center, Tokyo).

2.8. Statistical analysis

All categorical variables were analyzed by the chi-square test or
Fisher's exact test, as appropriate. Continuous variables, including
tumor markers, were analyzed using the Mann-Whitney test. All
p-values were reported to be two-sided, and values of <0.05 were
considered statistically significant. All statistical analyses were per-
formed using JMP version 9.0 software (SAS Institute Inc., Cary, NC,
USA). Our study was approved by the Institutional Review Board.

3. Resuits
3.1. Patient characteristics

Between July 2011 and January 2013, SCLC samples from 60
patients were assessed for genomic aberrations. The patient char-
acteristics are shown in Table 2. The median age (range) was 69
(43-82)years, and most patients were male (83%) and heavy smok-
ers (80%). Only two patients were never-smokers. A total of 57
patients were diagnosed with SCLC, while three were diagnosed
with combined SCLC and adenocarcinoma. Thirty-one patients
had limited-stage disease and 29 had extended-stage disease. We
analyzed eight surgically resected snap-frozen samples, 50 FFPE
samples, and seven pleural effusion samples. Five patients provided
two specimens: three provided both FFPE and surgically resected

Table 2
Patients characteristics that were analyzed in our study (overall, N=60).
N=60 %
Median age (years) 69
Range 43-82
Gender
Male 50 83
Female 10 17
Smoking status
Never 2 3
Light (B.I. <600) 10 17
Heavy (B.l. > 600) 48 80
Histology
Small cell carcinoma 57 95
Combined small cell carcinoma 3 5
with adenocarcinoma
Disease extent
Limited stage 31 52
Extended stage 29 48
Samples
Surgically resected snap-frozen 8
samples
FFPE samples 50
Pleural effusion 7

Abbreviation: B.1, Brinkman index; FFPE, Formalin-fixed paraffin-embedded.
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Fig.1. Relative proportions of genomicaberrations in small cell lung cancer (N=60).
(A) Pie chart shows relative proportions of genomic aberrations. (B) Bar chart shows

relative proportions of genomic aberrations. Abbreviations: mt: mutation; amp:
amplification.

snap-frozen samples and two provided both FFPE and pleural effu-
sion samples (Table 3).

3.2. Genomic aberrations

We detected 13 genomic aberrations in nine cases (15%): an
EGFRmutation (n=1,G719A),a KRAS mutation(n=1,G12D), PIK3CA
mutations (n=3; E542K, E545K, E545Q), an AKT1 mutation (n=1,
E17K), a MET amplification (n=1), and PIK3CA amplifications (n=6;
Fig. 1A and B).

Table 4 shows the individual characteristics of the SCLC patients
who harbored genomic aberrations. Eight of the nine patients with
genomic aberrations were male, and all were smokers. Two patients
were diagnosed with SCLC combined with adenocarcinoma; an
EGFR mutation was detected in one patient and a KRAS mutation
in another. The patient with the EGFR mutation provided both FFPE
and surgically resected snap-frozen samples, but the EGFR mutation
was detected only in the snap-frozen samples. Genomic aberrations
were detected in nine of the 50 FFPE samples, one of eight surgi-
cally resected snap-frozen samples, and none of the seven pleural
effusion samples.

3.3. Comparison of patient characteristics and genomic
aberrations

Patient characteristics are classified by genomic aberration sta-
tus in Table 4. No significant differences in age, sex, disease extent
at diagnosis, or smoking status were found between patients with
and without genomic aberrations according to univariate analysis.
However, serum NSE and Pro-GRP levels at diagnosis were signifi-
cantly higher in patients without genomic aberrations than in those
with genomic aberrations (p=0.02 and p=0.04, respectively).
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patients characteristics that genomic aberrations were detected.

Age Gender B.IL Disease TNM stage Samples Pathology Genomic aberrations
extent
1 73 Male 2760 LS 1A FFPE Small cell carcinoma PIK3CA amp (3.14)
2 69 Male 1880 LS A FFPE Small cell carcinoma PIK3CA amp (4.42)
3 82 Male 1500 LS 1A FFPE Small cell carcinoma PIK3CA amp (2.65)
4 58 Male 1000 ES \Y% FFPE Small cell carcinoma PIK3CA (E545K)
5 69 Male 940 LS A FFPE Small cell carcinoma AKT1 (E17K), PIK3CA
. amp (2.49)
6 66 Male 840 ES 111B FFPE Small cell carcinoma PIK3CA (E542K), MET
: amp (4.13), PIK3CA
amp (3.62)
7 73 Male 795 LS 1B FFPE, snap- Small cell carcinoma EGFR (G719A), PIK3CA
frozen combined with (E545Q)
samples adenocarcinoma
8 74 Male 590 ES v FFPE Small cell carcinoma KRAS (G12D)
combined with
adenocarcinoma
9 80 Female 500 LS A FFPE Small cell carcinoma PIK3CA amp (2.78)
Abbreviations: LS, limited stage; ES, extended stage; FFPE, formalin-fixed paraffin-embedded.
Table 4
Patients characteristics classified by genomic aberration status.
Genomic aberration Pvalue
Detected Not detected
N (%) 9(15%) 51(85%)
Age at diagnosis (years) . 0.26
Median 73 69
Range 58-82 43-82
Gender, n (%) 0.63
Male 8 (89%) 42 (82%)
Female 1(11%) 9(18%)
Disease extent at diagnosis, n (%) 0.32
Limited stage 6 (67%) 25 (49%)
Extended stage 3(33%) 26 (51%)
Smoking status 0.78
Never 0 2
Light (B.1.<600) 2 8
Heavy (B.l. > 600) 7 41
Serum neuron-specific enolase (NSE) level at diagnosis 0.02
n 9 48
Median 14 37.1
Range 7.8-34 6.4-334
Serum pro-gastrin releasing peptide (Pro-GRP) level at diagnosis 0.04
n 8 47
Median 75.5 738
Range 43.1-1500 26.4-65900

Abbreviation: B.l, Brinkman index.

‘4. Discussion

As per our knowledge, this was the first molecular profiling
report of Asian patients with SCLC, wherein we detected genomic
aberrations in 15% patients. PIK3CA amplifications were detected in
10% of all samples assessed, while PIK3CA mutations were detected
in 5%. PIK3CA genomic aberrations were detected in eight of the
nine patients with genomic aberrations. Recently, two independent
comprehensive genomic studies of SCLC were published [15,16].
Peifer et al. [14] analyzed 99 SCLC specimens using 6.0 SNP array
analyses and exome, transcriptome, and genome sequencing. They
detected TP53 and RB1 alterations in 88% and 66% cases, respec-
tively, MYC family member and FGFR1 amplifications in 16% and
6% cases, respectively, and CREBBP and EP300 and PTEN muta-
tions in 18% and 10% cases, respectively. They did not detect any
PIK3CA aberrations. Rudin et al. [15] analyzed 80 SCLC samples,

including SCLC cell lines, using multiple exome sequencing, single
genome analysis, genome-wide copy-number analysis, and whole-
transcriptome sequencing and detected TP53 and RB1 mutations in
77% and 31% samples, respectively, a SOX2 amplification in 27%, and
arecurrent RLF-MYCL1 fusion in 9%. In their study, PIK3CA mutation
was detected in 2 of 30 primary SCLC tumor samples by exome cap-
ture followed by next generation sequencing (Rudin’s report online
methods). Recently, Umemura et al. undertook a comprehensive
genomic analysis of SCLC in Japanese patients [17]. They analyzed
51 surgically resected SCLC samples using whole exome sequencing
and copy-number analysis. Genetic alterations in the PI3K pathway
(PIK3CA, PTEN, AKT2, AKT3, RICTOR, mTOR) were detected in 17 of 47
samples (36%). PIK3CA mutations were detected in three of the 47
samples (6%), which is consistent with the findings from our study.

Okudela et al. reported that PIK3CA amplification was detected
in 1 of 3 samples (33.3%) and PIK3CA gene mutation was detected in

248
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1 of 5 samples (20%) in Japanese patients with SCLC [18]. Although
PIK3CA mutation is the major genomic aberration in Japanese SCLC
patients, the larger study, such as our study and Umemura's report,
detected it in approximately 5% of SCLC samples. Based on these
results, there does not seem to be significant ethnic differences in
the prevalence of PIK3CA mutation and PIK3CA mutation may be
one of the major genomic alterations for the SCLC patients. The
PI3K pathway plays a central role in cell proliferation and survival
in human cancer [19]. The PIK3CA gene encodes a class IA PI3K cat-
alytic subunit p110e and is frequently mutated in some of the most
common human tumors {20]. Wojtalla et al. showed that approx-
imately 25% primary SCLC tissue samples overexpress the PI3K
isoform p110a [21]. They also reported that targeting PI3K p110«a
affected the proliferation of SCLC cells in vitro and in vivo and that
p110a inhibition led to impaired SCLC tumor formation and vas-
cularization in vive. Many drugs targeting class IA PI3K have been
developed [22], and preclinical studies have shown these to have
potent antitumor activity. Some have led to a decrease in advanced
solid tumors in phase I studies [23,24]; therefore, PIK3CA may be a
suitable target for the treatment of SCLC.

EGFR and KRAS mutations were detected in the patients with
combined SCLC and adenocarcinoma in our study. Tatematsu et al.
analyzed 122 SCLC patients and detected EGFR mutations in 5
(4%) [25]. Their study included 15 combined subtype patients,
and 20% of these had EGFR mutations. Compared with conven-
tional SCLC, EGFR mutations are found significantly more frequently
in the combined subtype. Fukui et al. retrospectively studied six
patients with combined SCLC and adenocarcinoma and analyzed
the EGFR mutation status in the microdissected SCLC and ade-
nocarcinoma components of their resected samples [26]. In their
report, one of six patients had a missense mutation in EGFR (L858R),
and both the SCLC and adenocarcinoma components shared the
same mutation. Gene mutation status in tissue samples from SCLC
with other histology component remain an open question. There-
fore it is necessary to perform microdissection in the future study.
To the best of our knowledge, there has been no previous report
of KRAS mutations in SCLC. In our study, a KRAS mutation was
detected in one patient with combined SCLC and adenocarci-
noma.

No significantly different characteristics were found between
patients with and without genomic aberrations in the present
study. Although the associations between serum tumor markers
and genomic aberrations were unclear, serum NSE and pro-GRP
levels at diagnosis were significantly lower in the patients with
genomic aberrations. Pujol et al. reported that pro-GRP levels did
not have any independent prognostic significance [27], while NSE
levels have been shown to have better prognostic value [28]. We
could not detect an association between prognosis and genomic
aberration status (data not shown). Further studies are needed to
clarify the relationships between genomic aberrations and serum
tumor marker values.

In this study, genomic aberrations were detected in 18%
FFPE samples and 13% surgically resected snap-frozen samples.
The National Comprehensive Cancer Network (NCCN) guideline
recommends that surgery should only be considered for patients
with stage 1 SCLC. However, another report stated that only 5%
patients with SCLC have true stage I SCLC [29]. Because surgery
is not performed in most patients with SCLC, FFPE samples play a
key role in detecting genomic aberrations. Kenmotsu et al. reported
on the concordance between FFPE samples and surgically resected
snap-frozen samples in multiplexed molecular profiling of lung
cancers [30]. Complete concordance of driver mutations was shown
for 65% FFPE and snap-frozen samples. These findings indicate that
it may be better to analyze FFPE samples to identify SCLC molecular
profiles and treat patients with molecular-targeted drugs such as
PI3K inhibitors.

Our study had several limitations. First, we analyzed SCLC
genomic aberrations using a nine-gene tumor genotyping panel,
not a comprehensive panel. In addition, we did not include some
known driver mutations such as TP53 and RB1 mutations in the
panel. However, the objectives of our study were not only to assess
the frequency of genomic aberrations but also to detect genomic
aberrations that are treatable with targeted drugs, and our multi-
plexed tumor genotyping platform includes almost all known gene
aberrations that are targeted by drugs. And detection of gene ampli-
fication may also require consideration of incorporating FISH for
future studies. Second, we only analyzed 60 SCLC patients because
we only began to analyze genomic aberrations in July 2011. How-
ever, other reports have also included a small number of samples.
We continue to analyze SCLC samples and utilize the findings for
targeted therapy of patients with SCLC.

5. Conclusions

In conclusion, genomic aberrations were found in 15% SCLC
patients, with PIK3CA amplifications being frequently detected. We
previously reported our massive parallel sequencing findings for
non-SCLC [31], and we plan to undertake a similar analysis of SCLC
samples. A larger study is necessary to further our understanding
of the molecular profiles of SCLC.
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A Phase lll Trial Comparing Irinotecan and Cisplatin with Etoposide
and Cisplatin in Adjuvant Chemotherapy for Completely Resected
Pulmonary High-grade Neuroendocrine Carcinoma
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A randomized Phase lll trial commenced in Japan in March 2013. Post-operative adjuvant
chemotherapy with etoposide plus cisplatin is the current standard treatment for resected pul-
monary high-grade neuroendocrine carcinoma including small cell lung cancer and large cell
neuroendocrine carcinoma. The purpose of this study is to confirm the superiority of irinotecan
plus cisplatin in terms of overall survival over etoposide plus cisplatin as post-operative adjuvant
chemotherapy for pathological Stage I-1lIA completely resected pulmonary high-grade neu-
roendocrine carcinoma patients. A total of 220 patients will be accrued from 54 Japanese insti-
tutions within 6 years. The primary endpoint is overall survival and the secondary endpoints are
relapse-free survival, proportion of treatment completion, adverse events, serious adverse
events and second malignancy. This trial has been registered at the UMIN Clinical Trials
Registry as UMIN000010298 [http://www.umin.ac.jp/ctr/index.htm].

Key words: lung neoplasms — high-grade neuroendocrine carcinoma — adjuvant chemotherapy —
Phase 111

INTRODUCTION

Lung cancer has been the leading cause of cancer-related
deaths in Japan since 1988. High-grade neuroendocrine car-
cinoma (HGNEC) including small cell lung cancer (SCLC)
and large cell neuroendocrine carcinoma (LCNEC) accounts
for ~15% of all lung cancers (1,2).

LCNEC was first proposed by Travis et al. (3), who added
LCNEC as the fourth category of pulmonary neuroendocrine
tumors, which had originally been classified into three

categories, typical carcinoid, atypical carcinoid and SCLC.
Although it has been classified into a non-small cell lung
cancer (NSCLC) by the WHO classification, LCNEC has
neuroendocrine features and an aggressive clinical course
that are common with SCLC and both are recognized as
HGNEC. LCNEC is typically diagnosed post-operatively
using surgical specimens and rarely diagnosed pre-
operatively with biopsy specimens because of the difficulties
associated with its diagnosis from a small amount of speci-
mens. Furthermore, a differential diagnosis between LCNEC
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