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A Japanese Lung Cancer Registry Study
Prognosis of 13,010 Resected Lung Cancers
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Purpose: The validation of tumor, node, metastasis staging system
in terms of prognosis is an indispensable part of establishing a better
staging system in lung cancer.

Methods: In 2005, 387 Japanese institutions submitted informa-
tion regarding the prognosis and clinicopathologic profiles of
patients who underwent pulmonary resections for primary lung
neoplasms in 1999 to the Japanese Joint Committee of Lung
Cancer Registry. The data of 13,010 patients with only lung car-
cinoma histology (97.6%) were analyzed in terms of prognosis and
clinicopathologic characteristics.

Results: The 5-year survival rate of the entire group was 61.4%.
For the small cell histology (n = 390), the 5-year survival rates
according to clinical (c) and pathologic (p) stages were as
follows: 58.8% (n = 161) and 58.3% (n = 127) for IA, 58.0%
(n = 77) and 60.2% (n = 79) for IB, 47.1% (n = 17) and 40.6%
(n = 29) for IIA, 25.3% (n = 38) and 41.1% (n = 29) for IIB,
29.0% (n = 61) and 28.3% (n = 60) for I1IA, 36.3% (n = 19) and
34.6% (n = 40) for IIIB, and 27.8% (n = 12) and 30.8% for IV
(n = 13). For the non-small cell histology (n = 12,620), the
5-year survival rates according to c-stage and p-stage were as
follows: 77.3% (n = 5642) and 83.9% (n = 4772) for 1A, 59.8%
(n = 3081) and 66.3% (n = 2629) for IB, 54.1% (n = 205) and
61.0% (n = 361) for 1A, 43.9% (n = 1227) and 47.4% (n =
1330) for IIB, 38.3% (n» = 1628) and 32.8% (n = 1862) for IIIA,
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32.6% (rn = 526) and 29.6% (n = 1108) for I1IB, and 26.5% (n =
198) and 23.1% (n = 375) for IV. Adenocarcinoma, female
gender, and age less than 50 years were significant favorable
prognostic factors.

Conclusion: This large registry study provides benchmark prognos-
tic statistics for lung cancer. The prognostic difference between
stages IB and ITA was small despite different stages. Otherwise, the
present tumnor, node, metastasis staging system well characterizes
the stage-specific prognoses.

Key Words: Lung cancer, Surgery, Prognosis, TNM stage, Resec-
tion, Cancer registry.

(J Thorac Oncol. 2008;3: 46-52)

e newly revised version of the Union Internationale
Contre le Cancer tumor, node, metastasis (TNM) staging
system is to be promulgated for general use in 2009. The
present TNM staging system for lung cancer has been avail-
able worldwide since 1978,! and the revision process is
underway. To establish a more sophisticated, truly.prognostic
staging system, the validation of the existing system as well
as the simulation of the proposed revision based on a large,
updated data set are indispensable.

In Japan, the three major societies that deal with patients
with lung neoplasms, the Japan Lung Cancer Society, the Jap-
anese Association for Chest Surgery, and the Japanese Respira-
tory Society, established a task force committee (The Japanese
Joint Committee of Lung Cancer Registry) to perform a nation-
wide registry study on the prognosis and clinicopathologic
profiles of lung neoplasms, both retrospectively and prospec-
tively. The prospective follow-up registry study has been under-
way for all lung cancer patients who newly visited the hospital
in 2002. This prospective registry study includes both resected
and nonresected cases. Beside this, the committee has periodi-
cally performed three separate retrospective studies focused on
cases resected in the years 1989, 1994, and 1999 after a 5-year
follow-up period. These studies were planned at 5-year intervals
to observe changes and trends in the prognosis, staging, histo-
logic distribution, etc. of resected lung cancer patients in Japan.
The results of the second study for patients who were resected in
1994 have already been published elsewhere? together with our
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proposal for possible revisions to the present staging system.
The current study deals with third retrospective registry for
patients who were resected in 1999.

Therefore, the purpose of the present study was to
provide the most up-to-date benchmark statistics on the
prognosis of resected lung cancer, and to clarify the appro-
priateness and insufficiencies of the present TNM staging
system for lung cancer.

PATIENTS AND METHODS

Registry

In 2005, the Japanese Joint Committee of Lung Cancer
Registry performed a nationwide retrospective registry study
on the prognosis and clinicopathologic profiles of resected
primary lung neoplasms in Japan. Only primary lung neo-
plasms that had been resected in 1999 at the certified teaching
hospitals in Japan were considered for the registry, which had
a follow-up period of at least 5 years. The Committee received
the registries of 13,344 patients from 387 teaching hospitals. The
questionnaire included 32 items such as gender, age, clinical
(c)-T, c-N, c-M, c-stage, preoperative treatment, surgical proce-
dure, extent of lymph node dissection, curability, residual tumor,
primary site by lobe, tumor diameter, histology, organ invasion,
pathologic (p)-T, p-N, p-M, p-stage, pleural involvement, pleu-
ral dissemination, intrapulmonary metastasis, pleural cytology,
location of nodal metastasis, survival time, recurrence, and cause
of death. Recurrent or multiple lung cancers were not included in
this registry. The c-stage and p-stage were based on the 6th
edition of the Union Internationale Contre le Cancer-TNM
staging system published in 1997.! The histology of the tumor
was described according to the World Health Organization
classification.*

Patients

Sixty-nine patients (0.5%) with incomplete descriptions
of their tumor histology and 265 patients with low-malignant
histology or nonepithelial tumor histology (2.0%) were ex-
cluded from the study. Therefore, the present study focused
on the remaining 13,010 patients with adenocarcinoma, squa-
mous cell carcinoma, small cell carcinoma, large cell carci-
noma, or adenosquamous carcinoma. The surgical resections
for these patients were various in terms of surgical mode,
level of lymph node exploration, and curability. Especially,
the resection was either complete in 11,528 patients (88.6%)
or incomplete in 1108 patients (8.5%), and the curability was
not clearly described in 374 patients (2.9%). Despite these,
the TNM staging of each patient was determined on the basis
of best available information before, during, and after surgi-
cal resections.

Statistical Analysis

The survival time was defined as the time from the. date
of surgery to the last follow-up date. The survival curves
were estimated by the Kaplan-Meier method, and the differ-
ence in survival was tested by the log-rank test in which a
p value of less than 0.05 was considered significant.

RESULTS

For 13,010 registered patients with lung cancer, the
most common histologic type was adenocarcinoma in 8239
patients (63.3%) followed by squamous cell carcinoma in
3700 patients (28.4%), large cell carcinoma in 474 patients
(3.6%), small cell carcinoma in 390 patients (3.0%), and
adenosquamous carcinoma in 207 patients (1.6%). The sur-
vival curve of the entire registry population is shown in
Figure 1, in which the 5-year survival rate was 61.4%. The
survival curves according to histologic type of all stages are
shown in Figure 2. The 5-year survival rates according to the
histologic type were as follows: 67.3% for adenocarcinoma,
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FIGURE 1. A survival curve for all histologic types and all
stages (n = 13,010). The 5-year survival rate for the entire
group is 61.4%.
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FIGURE 2. Survival curves according to histologic type. The
S-year survival rates according to histologic type are as fol-
lows: 67.3% for adenocarcinoma (n = 8239), 52.5% for
squamous cell carcinoma (n = 3700), 48.1% for small cell
carcinoma (n = 390), 45.5% for large cell carcinoma (n =
474), and 42.1% for adenosquamous carcinoma (n = 207).
There is a significant difference in survival between adeno-
carcinoma and others (p = 0.0000). AD, adenocarcinoma;
SQ, squamous cell carcinoma; SM, small cell carcinoma; LG,
large cell carcinoma; AS, adenosquamous carcinoma.
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FIGURE 3. Survival curves according to gender. The 5-year

" survival rates of female (n = 4228) and male (n = 8664)
patients are 74.1% and 55.2%, respectively. The survival of
female patients is significantly better than that of male pa-
tients (p = 0.0000).

52.5% for squamous cell carcinoma, 48.1% for small cell
carcinoma, 45.5% for large cell carcinoma, and 42.1% for
adenosquamous carcinoma. The adenocarcinoma histolagy
had significantly better survival than other histologic types
(p = 0.0000 each). Female patients comprised 32.5% (n =
4228) of the entire registered population, and male patients
comprised 66.6% (n = 8664). The 5-year survival rates of the
female and male patients were 74.1% and 55.2%, respec-
tively. These survival curves are shown in Figure 3, and the
difference in survival between the 2 genders was significant
(» = 0.0000). The clinical profiles and stage-specific prog-
nosis were described separately for small cell and non-small
cell histologic categories because of the known differences in
the pathobiologic nature and response to treatment between
these malignancies.

Small Cell Carcinoma

For 390 patients with resected small cell carcinoma of
all stages, the 5-year survival rate was 48.6%. The survival
curves according to stage are shown in Figure 4. The distri-
bution of c-stage and p-stage, stage-specific 5-year survival
rates, and the difference in survival between neighboring
stages are presented in Table 1.

Non-small Cell Carcinoma

For 12,620 patients with resected non-small cell histol-
ogies of all stages, the 5-year survival rate was 61.8%. The
survival curves according to stage are shown in Figure 5. The
distribution of c-stage and p-stage, stage-specific 5-year sur-
vival rates, and difference in survival between neighboring
stages are presented in Table 2. For the c-stage, the difference
in survival was significant between all neighboring c-stages
except for those between stages IB and IIA and between IIIA
and IIIB. For the p-stage, the difference in survival was
significant between all neighboring stages, although the dif-
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FIGURE 4. Survival curves of small cell lung carcinoma can-
cers according to c-stage (A) and p-stage (B) (n = 390). The
5-year survival rates by c-stage are as follows: 58.8% for 1A
(n = 161), 58.0% for I1B (n = 77), 47.1% for lIA (n = 17),
25.3% for liB (n = 38), 29.0% for llA (n = 61), 36.3% for
1B (n = 19), and 27.8% for {V (n = 12). The 5-year survival
rates by p-stage are as follows: 58.3% for IA (n = 127),
60.2% for IB (n = 79), 40.6% for A (n = 29), 41.1% for lIB
(n = 29), 28.3% for A (n = 60), 34.6% for 1B (n = 40),
and 30.8% for IV (n = 13).

ference between p-stages IB and IIA was approaching the
marginal significance level.

Survival was further analyzed according to patient age.
The survival curves according to three age groups, those <50
years (n = 797), those =50 years but <70 years (n = 6563),
and those =70 years (n = 5147) are shown in Figure 6. The
5-year survival rates for the three age groups were 69.9, 66.0,
and 54.9%, respectively. The survival of patients aged =70
years was significantly worse than those in the other two age
groups (p = 0.0000 and p = 0.0000).

Comparison between the 1994 and 1999
Registry Studies

The distribution of histologic types was compared be-
tween 1994 and 1999 (Fig. 7). Within the 5-year interval,
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TABLE 1. Stage-Specific 5-Yr Survival Rates for Small Cell Carcinoma According to the
Clinical and Pathological Settings (n = 390)
Stage
Stage Settings 1A IB oA B A B v
Clinical, n (%) 161 (413) 77(19.7) 17(44) 38(9.7) 61(156) 19(49) 12(3.1)
5-Yr survival rate, % 58.8 58.0 47.1 253 29.0 36.3 27.8
Difference in survival® 0.5627 04110 0.1577 0.9807 0.7045 0.7265 —
Pathological, n (%) 127 (326) 79(203) 29(74) 29(74) 60(154) 40(10.3) 13(3.3)
5-Yr survival rate, % 583 60.2 40.6 41.1 283 34.6 -30.8
Difference in survival® 0.9331 0.0415 0.8289  0.2300 05217 0.6115 —

“ Significance of the difference in survival between neighboring (lower and next higher) stages (p value).

incidence of adenocarcinoma increased 7%, from 56 to 63%,
whereas that of squamous cell carcinoma decreased 5%, from
33 to 28%. The proportion of other histologic types remained
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FIGURE 5. Survival curves of non-small cell histologies ac-
cording to c-stage (A) and p-stage (B) (n = 12,620). The
S-year survival rates by c-stage are as follows: 77.3% for I1A
(n = 5642), 59.8% for IB (n = 3081), 54.1% for A (n =
205), 43.9% for 1IB (n = 1227), 38.3% for lllA (n = 1628),
32.6% for llIB (n = 526), and 26.5% for IV (n = 198). The
5-year survival rates by p-stage are as follows: 83.9% for IA
(n = 4772), 66.3% for IB (n = 2629), 61.0% for A (n =
361), 47.4% for IIB (n = 1330), 32.8% for HIA (n = 1862),
29.6% for 1B (n = 1108), and 23.1% for IV (n = 375).

Copyright © 2007 by the International Association for the Study of Lung Cancer

almost unchanged. When the overall survival was compared,
an improvement of the 5-year survival rate from 52.0 to
61.4% was achieved for all histologic types, and from 52.6 to
61.8% for non-small cell carcinomas. The gender distribution
did not change remarkably between 1994 and 1999: female
patients comprised 29.9% of the all the registered patients in
1994, and 32.8% in 1999. Nevertheless, the difference in
survival according to gender grew within the 5-year interval:
the difference in the 5-year survival rate between women and
men was 13.2% in 1994, and 18.9% in 1999.

The stage distribution was compared in non-small cell
lung carcinoma between 1994 and 1999 (Fig. 8). The per-
centage of stages IA and IB increased 11%, from 59 to 70%,
in the c-setting, and 8%, from 51 to 59%, in the p-setting.
Stage-specific 5-year survival rates in non-small cell carci-
noma were compared between the 1994 and 1999 registry
studies for c-stage (Table 3) and for p-stage (Table 4).
Although a survival improvement was achieved in all stages,
the change in stage IB was remarkable. The S-year survival
rate in stage IB improved from 49.9 to 59.8% in a c-setting,
and from 60.1 to 66.3% in a p-setting. Summarizing these, the
trends from 1994 to 1999 consisted of an increase in the
adenocarcinoma histology and earlier stages, and an improve-
ment in the overall as well as the stage-specific survival.

DISCUSSION

This is a report on the third nationwide registry study
conducted by the Japanese Joint Committee of Lung Cancer
Registry representing three major Japanese societies that deal
with patients with lung cancer, in which the clinicopathologic
features and prognosis of the resected lung cancer were
studied. Three registry studies have independently and peri-
‘odically focused on cases that were resected in the years
1989, 1994, and 1999 after a 5-year follow-up period. The
details of the second study involving cases resected in 1994
in which 7393 patients with primary lung neoplasms were
registered from 307 teaching hospitals in Japan have already
been published elsewhere.? The number of registered pa-
tients in the third study (13,344 patients) was almost twice
that of the second study (7393 patients) with only a slight
increase in the number of participating institutions from 307
to 387. The number of cases registered from each institute
ranged from 1 to 212 cases, and 15 institutes registered more
than 100 cases. Considering that the total number of lung
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TABLE 2. Stage-Specific 5-Yr Survival Rates for Non-small Cell Carcinoma According to the Clinical and Pathological Settings

(n = 12,620)
Stage
Stage Settings 1A 1B A OB A mB v
Clinical, n (%) 5642 (44.7%) 3081 (24.4%) 205 (1.6%) 1227 (9.7%) 1628 (12.9%) 526 (4.2%) 198 (1.6%)
5-Yr survival rate, % 773 59.8 54.1 439 383 32,6 26.5
Difference in survival® 0.0000 0.1444 0.0022 0.0013 0.0755 0.0111 —
Pathological, n (%) 4772 (37.8%) 2629 (20.8%) 361 (2.9%) 1330 (10.5%) 1862 (14.8%) 1108 (8.8%) 375 (3.0%)
5-Yr survival rate, % 83.9 66.3 61.0 474 32.8 29.6 23.1
Difference in survival® 0.0000 0.0367 0.0000 0.0000 0.0054 0.0001 —

“ Significance of the difference in survival between neighboring (lower and next higher) stages (p value).
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FIGURE 6. Survival curves according age in non-small lung
cancer. The 5-year survival rates for the three age groups,
<50 years (n = 797), =50 years but <70 years (n = 6563),
and =70 years (n = 5147) are 69.9%, 66.0%, and 54.9%,
respectively.

cancer resections in Japan was approximately 30,000, these
registered cases are estimated to comprise 30 to 40% of the
total. The results of this registry study represent the findings
based on the largest series ever published.

FIGURE 7. Distribution of histologic
types in 1994 and 1999. Adenocarci-
noma increases 7% (from 56% to 63%)
and squamous cell carcinoma decreases
5% (from 33% to 28%).

There has been remarkable difference in survival be-
tween patients resected in 1994 and 1999, where the overall
survival rate at 5 years in the registry population improved
from 52.6 to 61.4%. The stage-specific survival also im-
proved. Because the survival improvement was achieved not
only in all stages but also in the entire population, this
improvement should not be interpreted as simply the result of
a stage migration phenomenon. The possible reasons for the
improvement might be refinements in the evaluation of sur-
gical candidates, advancements and improvement in treat-
ment, and the shift of the registry population toward more
curable lung cancer.

Refinement in the preoperative work-up for surgical
candidates may better identify patients with distant disease,
resulting in a better selection of patients for surgery. Never-
theless, except for an improvement in imaging diagnosis
techniques such as computed tomography (CT), the differ-
ence in the quality of preoperative work-up between 1994 and
1999 does not seem significant. Even in 1999, positron
emission tomography scans were not used as part of a routine
preoperative work-up in Japan. Therefore, the difference in
preoperative work-up does not-seem to account for the
difference in survival between the years 1994 and 1999.

When looking at the changes in surgical interventions
for lung cancer patients in the 5 years between 1994 and
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1994
(N=6,644)

1999
(N=12,629)

1994
(N=6,644)

11% 21%

v

1999
(N=12,629)

%

1999, we recognized that less (or minimally) invasive surgery
with or without video assistance had been more generalized.’
In these minimally invasive techniques, the faster postoperative
recovery has been speculated, and this is a present-day trend in
oncologic surgery of any sites. Nevertheless, knowing that no
one study has ever definitely demonstrated that minimally inva-
sive surgery improves the survival of patients with lung cancer,

mB
o% 3%
A A
%
m
e o .
)

FIGURE 8. Distribution of c-stage (A) and p-
stage (B) for non-small cell lung histologies in
1994 and 1999. The percentage of stage | in-
creased from 60 to 69% (11%) in the c-set-
ting, and from 52 to 59% (7%) in the p-set-
ting.

or the mortality/morbidity, it is unlikely that the improvement in
survival of the present registry population was solely because of
the advancements in surgical interventions.

Comparing the distribution of histologic types between
1994 and 1999, the 7% increase in adenocarcinomas and the
5% decrease in squamous cell carcinoma were remarkable
changes. In this registry study, the noninvasive form of

Copyright © 2007 by the International Association for the Study of Lung Cancer 51
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TABLE 3. Comparison of Stage-Specific 5-Yr Survival Rate
(%) between 1994 and 1999 (c-Stage) in Non-small Cell
Histologies

c-Stage
Year of Survey IA IB IIA OB HIA IMB IV All Stages

1994 (n = 6,644) 72.1 499 487 40.6 358 28.0 20.8 52.6
1999 (n-= 12,620) 77.3 59.8 54.1 439 383 32.6 26.5 61.8

TABLE 4. Comparison of Stage-Specific 5-Yr Survival Rate
(%) between 1994 and 1999 (p-Stage) in Non-small Cell
Histologies '

p-Stage
Year of Survey IA 1B IIA IIB IMIA MIB IV All Stages

1994 (n = 6,644) 79.5 60.1 599 422 29.8 193 200 '52.6
1999 (n = 12,620) 83.9 66.3 61.0 47.4 328 29.6 23.1 61.8

adenocarcinoma, nonmucinous bronchioloalveolar carci-
noma, was included in the adenocarcinoma category. These
tumors are well known for their characteristic presentation on
high-resolution CT images as ground glass opacity and a
superb prognosis without recurrence after intervention.’
Considering that the evaluation of these faint, small-sized
tumors using high-resolution CT was being generalized in
Japan in late 1990s, the increase in bronchioloalveolar carci-
noma might have resulted in the inclusion of these earlier,
less-aggressive tumors into the registry population. The dis-
tribution of the stage of the disease at diagnosis also changed
remarkably between 1994 and 1999 as can be seen in Figure
8. The earliest disease, stage IA and IB, comprised 60% of
the c-stage and 52% of the p-stage in 1994, and 69% and 59%
in 1999, respectively. The shift of the patients’ diagnosis
toward an earlier staged disease at the time of surgery
definitely had a significant impact on the improvement in
overall survival.

Based on the second registry study of cases resected in
1994, we proposed a revision of the TNM staging system in
which the unification of stages IB and IIA and the division of
T1 into Tla and T1b by the cutoff length of a diameter of 2
cm were shown to be necessary. In this latest 1999 data set
the prognostic difference in survival between stages IB and
ITIA was small. In the c-setting, the 5-year survival rates for IB
and ITA were 59.8% and 54.1%, and the difference in survival
was not statistically significant (p = 0.1444). In the p-setting,
the 5-year survival rates for IB and IIA were 66.3% and
61.0%, and the difference in survival was marginally signif-
icant (p = 0.0367), probably because of the increase in the

overall number of patients. Because the survival improve-
ment in patients with stage IB was so remarkable, the prog-
nostic difference between stages IB and IIA seemed to
increase in 1999 compared with that in 1994. Nevertheless,
considering the limited number of patients with stage IIA
disease, we believe that the unification of stages IB and ITA
would well characterize the stage-specific prognosis of both
groups.

In the report on the second registry study, the large
prognostic difference in survival by gender, age, and histol-
ogy was addressed. Also, in this third registry study, a
significant difference in survival according to these variables
was reproduced. Especially, the difference in 5-year survival
rate by gender was almost 20% in non-small cell carcinomas,
in which the 5-year survival rates for men and women were
55.5% and 74.5%, respectively. It is still unclear what factors
account for the large survival difference between men and
women. It is necessary to see the relationship between female
gender and other significant prognostic variables such as
histology and their biologic characteristics. Considering the
difference in smoking status between the two genders in
Japan, the difference in the biologic nature of cancers in
women versus men might have some impact on overall
survival.

The present retrospective, nationwide, large-scale reg-
istry study provides the most updated benchmark statistics for
patients with lung cancer. Further studies to elucidate the
factors associated with the improvement of survival and the
impact of several prognostic variables is underway.
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We examined the genome-wide expression profiles of 86 primary
lung adenocarcinomas and compared them with the mutation
status of the four key molecules (EGFR, ERBB2, KRAS and BRAF) in
the EGFR/KRAS/BRAF pathway. Unsupervised classification revealed
two subtypes (the bronchial type and the alveolar type) of lung
adenocarcinoma. Mutually exclusive somatic mutations of the
epidermal growth factor receptor (EGFR) gene (36/86, 41.8%), K-ras
gene (11/86, 12.8%) and BRAF gene (1/86, 1.1%) were detected.
KRAS mutations were observed significantly frequently in bronchial-
type tumors, whereas the frequencies of EGFR mutations were
similar in both the alveolar and bronchial types. Twenty-seven
genes showed increased expression in EGFR-mutated tumors and
these included molecules that function in the EGFR/KRAS/BRAF
pathway (EGFR, AKT1 and BCR). In particular, expression of BCR,
which is required for EGFR protein degradation, was induced by EGF
stimulation, suggesting a negative feedback loop in lung cancer. A
subgroup of the alveolar type tumors showed significantly better
prognosis than other tumors. Integrated analysis of genetic and
gene expression profiling aimed to delineate inherent oncogenic
pathways in cancer will be valuable not only for the understanding
of molecular pathogenesis, but also for discovering novel biomarkers
and predicting clinical outcome. (Cancer Sci 2007; 98: 985-991)

ung cancer is one of the leading causes of cancer death worldwide,
and lung adenocarcinoma accounts for more than 50% of all
lung cancers.”’ Lung adenocarcinoma:comprises a heterogeneous
group of tumors with broad ranges of histopathology, combinations
of genetic alterations and gene expression patterns.®?
Recently, molecular-targeted therapies, which modulate key
molecules (such as kinases) of the essential signal pathways that
cancer cells exploit for survival, have considerably increased the
possibility of personalized cancer therapy.“® It has been discov-
ered that epidermal growth factor receptor (EGFR) gene muta-
tions were closely associated with better responsiveness to
EGFR tyrosine kinase inhibitors (EGFR-TKIs).®® Activation of
EGFR transfers signals through the ERBB2, RAS and RAF pro-
teins in the downstream pathway, and importantly oncogenic
mutations of the erbB2, K-ras or B-raf genes have also been
reported in lung cancer®” The EGFR/ERBB2/KRAS/BRAF
pathway is frequently (more than 50%) altered in lung adeno-
carcinoma and, consistent with their epistatic roles in the signal
pathway, EGFR, ERBB2, KRAS and BRAF mutations exist in
a mutually exclusive way.”? Therefore this pathway is one of the
most promising therapeutic targets for lung cancer, and many
pharmacological compounds targeting the components of the
pathway have been developed and clinically tested.('?
To achieve personalized therapy by choosing the most effec-
tive therapeutic agents and minimizing their undesirable effects,
we need to gain a comprehensive view of signal transduction

doi: 10.1111/).1349-7006.2007.00483.x
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networks and their association with biological phenotypes in
cancer. In relation to genetic activation of the EGFR/ERBB2/
KRAS/BRAF pathway, many questions still remain, such as
whether there exist any molecular or histopathological features
of the activated EGFR/ERBB2/KRAS/BRAF pathway and how
the pathway interacts with other signal pathways. Such informa-
tion would be valuable for understanding the molecular patho-
genesis of lung cancer as well as for identifying appropriate
biomarkers for molecular diagnosis and discovering novel
therapeutic targets for individualized therapy.

Materials and Methods

Surgical specimens. Surgical specimens from 86 Japanese patients
with lung adenocarcinoma who were diagnosed and underwent
surgery at the National Cancer Center Hospital, Tokyo, Japan,
between June 1997 and May 2002 were examined. Clinical
features of analyzed cases are shown in Table 1. The study
protocol was approved by the institutional review board of the
National Cancer Center.

RNA extraction and microarray analysis. Each frozen sample was
homogenized in TRIzol (Invitrogen, Carlsbad, CA, USA) and
total RNA was extracted. Biotin-labeled cRNA was synthesized
from 5 pg of total RNA using the Superscript Choice System
(Invitrogen) and BioArray High Yield RNA Transcript Labeling
Kit (Enzo Diagnostics, Farmingdale, NY, USA). Hybridization
to the microarray HG-U95Av2 (Affymetrix, Santa Clara, CA,
USA) and detection of the signals were carried out according to
the manufacturer’s instructions.

immunohistochemical analysis. Five-micrometer-thick sections of
the formalin-fixed paraffin-embedded tumors were deparaffinized.
After heat-induced epitope retrieval, the sections were incubated
with mouse monoclonal anticytokeratin 6 (KRT6) antibody
(clone D5/16 B4, DakoCytomation, Glostrup, Denmark), mouse
monoclonal antimucin SAC (MUCSAC) antibody (clone 45M1,
Zymed, South San Francisco, CA, USA), mouse monoclonal
anti-Surfactant Apoprotein A (SP-A) (clone PE10, DakoCytomation)
and rabbit polyclonal anti-Clara cell antigen (CC-10) antibody
(Santa Cruz, Santa Cruz, CA, USA) at a dilution of 1:100. The
sections were incubated with a biotinylated secondary antibody
against mouse or rabbit IgG (Vector Laboratories, Burlingame,
CA, USA) at a dilution of 1:200 and then with the Vectastain
ABC reagent (Vector Laboratories). Tumors containing more
than 10% stained tumor cells in the largest representative
section were considered positive.

To whom correspondence should be addressed. E-mail: tashibat@ncc.go.jp
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Table 1. Clinicopathological features of analyzed cases

Cluster A (n = 42) Cluster B (n = 44) P-value

Gender Male 49 29 20 0.027
Female 37 13 24

Age (average) 35-83 (62.9)

Smoking habit Never 41 17 24 0.19
Former 23 10 13
Current 22 15 7

Stage t 52 23 29 0.29
Hor i 34 19 15

Differentiation Well 37 11 26 0.002
Moderate or Poor 49 31 18

EGFR mutation Exon 18 1 1 0 0.25
Exon 19 18 9 9
Exon 20 0 0 0
Exon 21 17 5 12

KRAS mutation Exon 1 10 8 2 0.019
Exon 2 1 1 0

BRAF mutation Exon 11 0 0 0 ND
Exon 15 1t 0 1

"V600E mutation. EGFR, epidermal growth factor receptor.

Laser-capture microdissection, DNA extraction and mutational analysis.
Five-micrometer-thick sections of the methanol-fixed paraffin-
embedded tumors were subjected to laser-capture microdissection
using the LM200 system (Arcturus, Mountain View, CA, USA).
Corresponding normal lung epithelial cells were obtained by
scraping and were used as a control. DNA was extracted using
a standard method. We amplified exons 18, 19, 20 and 21 of the
EGFR gene, exons 19 and 20 of the erbB2 gene, exons 1 and 2
(covering codons 12, 13 and 61) of the K-ras gene, and exons
11 and 15 of the B-raf gene by polymerase chain reaction (PCR)
using High Fidelity Taq polymerase (Roche, Mannheim,
Germany) and appropriate primers (primer sequences available
on request). All PCR products were purified and analyzed by
sequencing.

Quantitative reverse transcriptase-PCR. Five micrograms of total
RNA was isolated from a randomly selected 28 cases and was
reverse-transcribed (High Capacity cDNA Archive kit, Applied
Biosystems, Foster City, CA, USA). Quantitative RT-PCR was
carried out in triplicate and evaluated using TagMan probes for
each target gene (Applied Biosystems) and the ABI 7500 system
(Applied Biosystems). The relative expression of each gene was
determined by comparing its expression to that of beta-actin.

Cell culture. EGFR mutated lung adenocarcinoma cell lines
(NCI-H1650 and NCI-H1975)™ were maintained as recommended
(American Tissue Cell Collection, Manassa, VA, USA). The cell
lines were serum-starved and stimulated with 10 ng/mL epidermal
growth factor (Sigma, St. Louis, MO, USA) for the indicated
time. To inhibit EGFR: activation, the specific EGFR inhibitor
AG1478 (Sigma, 10 uM) was added.

Statistical analysis of microarray data. For unsupervised clustering
of lung adenocarcinoma, we first selected 685 genes based on
two criteria. First, the average difference (which is correlated
with gene expression level) exceeded 1000 in more than 5% of
the 86 tumors, and second, the average difference varied by at
least twofold from the median in at least 25% of the samples.
Data analysis was carried out using the Gene Spring (Silicon
Genetics, Redwood City, CA, USA) software packages and
visualized using the Tree and View software package (Stanford
University). We used the significance analysis of microarrays
software package (SAM; http://www-stat.stanford.edu/~tibs/SAM/
index.html) to select genes differentially expressed in each of
the tumor subtypes.!" The output criteria selected for SAM included

a difference of 1.5-fold or more between the two groups and a
false discovery rate (FDR) of less than 5%.

Other statistics. The unpaired z-test and the x? test were used
for comparisons of proportions. The Kaplan-Meier method was
used to estimate survival as a function of time, and log-rank
analysis was used to compare the differences between subgroups.
Cox proportional hazard modeling was carried out to determine
independent prognostic factors.

Results

Gene expression profiling of lung adenocarcinoma revealed histo-
logically and dlinically heterogenous subtypes. We analyzed the ex-
pression of 12 625 probe targets (representing more than 10 000
unique genes) in 86 primary lung adenocarcinomas using an
oligo-nucleotide-based microarray. We selected 685 genes whose
expressions were relatively abundant and varied widely among
the samples analyzed (Appendix I Table 1) and carried out two-
dimensional hierarchical clustering analysis to classify the lung
adenocarcinomas according to similarities in their patterns of
expression (Fig. 1a).

Unsupervised classification demonstrated that lung adenocar-
cinomas were largely divisible into two clusters (clusters A and
B, Fig. 1a). We compared gene expressions between the two
clusters and selected genes that showed significant differences
in expression (Appendix I Table 2). Tumors in cluster A prefer-
entially expressed genes associated with the cell cycle/cell
proliferation, the extracellular matrix, and those expressed spe-
cifically in bronchial epithelium (KRT6 and MUCSAC, Fig. 2a,b)./1219
In contrast, genes expressed significantly in cluster B included
growth factor inhibitors, enzymes involved in lipid metabolism,
and alveolar pneumocyte markers (such as CC10 and surfactant
pulmonary-associated protein C (SFTPC)).** In accordance with
their similarities to normal pulmonary epithelium, we named
these clusters the bronchial type (cluster A) and alveolar type
(cluster B), respectively. To validate our microarray analyses,
we carried out immunohistochemical analysis of the classifying
molecules. We examined the expressions of KRT6, Mucin SAC,
Surfactant apoprotein A (SFTPA) and CC-10 (Fig. 2c—f). As shown
in Figure 1(b) and Table 1, KRT6 (bronchial type 12/42 (28.5%)
and alveolar type 4/44 (9%), P = 0.02), SFTPA (bronchial type 11/
42 (26.2%) and alveolar-type 31/44 (70.5%), P < 1x107%) and
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(a) Cluster A (Bronchial-type)

Cluster B (Alveolar-type)

i

Fig. 1. (a) Unsupervised hierarchical clustering
analysis of 86 lung adenocarcinomas. Hierarchical
clustering of 86 primary lung adenocarcinomas
was carried out based on the expression of 685
transcripts. The normalized expression index for
each transcript is indicated by a colored bar.
Unsupervised classification revealed two clusters
(cluster A, bronchial type, and cluster B, alveolar
type) that are shown above the dendrogram of
the samples. (b) Clinical features, mutation
status of epidermal growth factor receptor
(EGFR), KRAS and BRAF, and immunchistochemical (b)
expression profile of KRT6, Mucin SAC, Surfactant

apoprotein A (SP-A) and CC10 in 86 lung KRAS
adenocarcinomas. Clinicopathological features BRAF
(gender, smoking status, differentiation and
bronchioloalveolar carcinoma [BAC] features) of EGFR

each case are shown. Solid boxes indicate cases Gender

in which the patient was female, a non-smoker Smoking
and the tumor was well-differentiated and . -
contained BAC features, while clear boxes TONRE )
indicate cases in which the patient was male, a BAC features
smoker, and the tumor was moderately/poorly- KRT6
differentiated. The presence of mutations in the SP-A

EGFR, KRAS and BRAF genes is shown by a solid cClo

box. Immunochistological positivity for KRT6, SP-A,

CC-10 and MUCSAC is shown by a solid box. MUCSAC l

CC-10 (bronchial type 4/42 (9.5%) and alveolar type 32/42
(76.2%), P < 1 x 107*) were preferentially expressed in bronchial-
type and alveolar-type tumors, respectively. Mucin 5AC was
detected only in bronchial-type tumors (15/42, 35.7%).

To determine whether this gene-expression-based classifica-
tion had any association with clinical features, we compared
clinicopathological factors between these two groups (Fig. 1b).
Bronchial-type tumors had a stronger tendency to occur in males
(P=0.02) and to show histologically poorer differentiation
(P =0.002) than alveolar-type tumors. We also found that alveolar-
type tumors frequently (P < 0.0001) showed lepidic growth that
is characterized as BAC (bronchioloalveolar carcinoma) features,
while bronchial-type tumors exhibited solid growth (Fig. 2g, h,
Table 1). Therefore these two subtypes represent clinically and
histologically distinct subgroups of lung adenocarcinoma.

Comparison of gene expression profiling and EGFR/ERBB2/KRAS/BRAF
mutation status in lung adenocarcinoma. We examined oncogenic
mutations of the four key molecules (EGFR, ERBB2, KRAS
and BRAF) in this pathway simultaneously and attempted to
analyze whether any of them were associated with the classi-
fication of lung adenocarcinoma described above. To this end,
we obtained tumor cells from 86 lung adenocarcinomas by
microdissection and determined the mutation status of the
EGFR (exons 18-21), ERBB2 (exons 19 and 20), KRAS (exons
1 and 2) and BRAF (exons 11 and 15) genes. We detected
somatic mutations of the EGFR gene (36/86, 41.8%), K-ras
gene (11/86, 12.8%) and B-raf gene (1/86, 1.1%) in our cohort
(Table 1). We were unable to find any mutation in exons 19 and
20 of the erbB2 gene. The occurrence of these mutations
appeared to be mutually exclusive. As reported previously,'”
EGFR mutations were frequently observed in female (P = 0.046)
and non-smoking patients (P =0.034), whereas there was no
significant association between the presence of KRAS mutation
and any of the clinical background factors examined (age,
gender, smoking habit, tumor differentiation and pathological
stage).

Shibata et al.

We then examined whether these alterations had any associa-
tion with the classification obtained by gene-expression profiling
(Fig. 1b). EGFR mutations were more frequent in alveolar-
type (21/44, 47.7%) than in bronchial-type (15/42, 35.7%) lung
adenocarcinoma, although not to a significant degree (P = 0.25).
On the other hand, we found that KRAS mutations were signif-
icantly more frequent in the bronchial type (9/42, 21.4%) than
in the alveolar type (2/44, 4.5%) (P =0.019).

Identification of mRNA expression features associated with the presence
of EGFR mutation. Because our unsupervised classification of lung
adenocarcinoma based on genome-wide gene-expression pattern
failed to detect any specific subgroup of tumors that harbored
frequent EGFR mutations and identification of candidate biomarkers
to predict EGFR mutation should be clinically valuable, we next
attempted to determine whether any expression signature was
associated with the presence of EGFR mutation. Comparison
of gene expression profiles between EGFR-mutated and
EGFR-wild-type tumors detected 26 genes whose expression
was significantly increased in EGFR-mutated tumors (Table 2).
Interestingly, these included molecules (EGFR and AKT1) that
are known to function in the EGFR/KRAS/BRAF pathway.
They also included secreted/membrane-associated molecules such
as PTK7. To validate these results, we carried out quantitative
RT-PCR analysis of these genes in 28 lung tumor samples (14
EGFR-mutated and 14 EGFR-wild-type tumors, and there was
no significant difference in clinocopathological features between
the two groups). As shown in Figure 3(a), the expressions of
these genes differed significantly between EGFR-mutated and
EGFR-wild-type tumors.

Since BCR has recently been shown to regulate the degrada-
tion of EGFR protein after ligand stimulation''® we hypothesized
that induction of BCR expression in EGFR-mutated tumors might
constitute a negative feedback loop. BCR overexpression was
frequent in EGFR-mutated tumors (16/36, 44.4%) compared
to in EGFR-wild-type ones (1/50, 2%). To determine whether
BCR expression is regulated by EGFR activation in lung
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cancer cells, we stimulated lung cancer cells with EGF and examined
the resulting change in BCR mRNA expression in vitro. As
shown in Figure 3(b), expression of BCR mRNA was up-regulated
(2.2-3.0-fold) in response to EGF stimulation. On the other
hand, when we inhibited EGFR activation pharmacologically
in EGFR-mutated lung cancer cell lines, we observed a signi-
ficant decrease (0.6-0.4-fold) of BCR mRNA expression
(Fig. 3c).

P%omosﬁcsigiﬁcamofmleulardasiﬁmﬁmofkngaﬂuwﬁoma.
We examined whether our molecular classification of lung adeno-
carcinoma has any association with clinical outcome. The presence
of genetic alterations in the EGFR/KRAS/BRAF pathway
was not associated with prognosis (data not shown). There
was no significant difference in prognosis between the alveolar
and bronchial types (P =0.07, Fig.4b). However, when we
divided the alveolar type into two subgroups, we found that
a subgroup of the alveolar type showed remarkably better
prognosis than the other tumors (Fig. 4¢).

Fig. 2. Immunohistochemical analyses of classi-
fying molecule expression in lung adenocarcinoma
and normal lung. Bronchial epithelia but not
alveolar pneumocytes were positive for both
KRT6 (a, x100) and MUCSAC (b, x100). Represent-
ative immunohistochemical expression of KRT6
(¢, x200), MUCSAC (d, x200), Surfactant apoprotein
A (SP-A) (e, x 200) and CC-10 (f, x200) in
lung adenocarcinoma is shown. The represent-
ative histologies of bronchial-type (left) and
alveolar-type (right) tumors (Hematoxylin-eosin
stained, x100). Bar, 200 um.

Discussion

In this study, we attempted to investigate the biological significance
of oncogenic pathway activation in lung cancer. Previous gene
expression analyses of lung cancer elucidated heterogenous
subgroups with specific gene expression signatures in lung
adenocarcinoma.'’"" Our unsupervised hierarchical clustering
based on gene expression profiling revealed two distinct subgroups
(bronchial and alveolar types) of lung adenocarcinoma, which
are associated with clinical backgrounds and largely consistent
with these studies. Especially the TRU (terminal respiratory
unit)-type of lung adenocarcinoma® shares similar histological
and molecular features with the alveolar type. We concurrently
analyzed somatic mutations of the components of the EGFR/
KRAS/BRAF pathway (ERBB2, EGFR, KRAS and BRAF genes).
As reported previously,®!"’ EGFR mutations were frequently
observed in female, non-smoking patients, but there was no
significant association between the presence of EGFR mutations

doi: 10.1111/).1349-7006.2007.00483.x
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Fig. 3. Validation of distinctive expression between epidermal growth factor receptor (EGFR)-mutated and EGFR-wild-type tumors by quantitative
reverse transcription-polymerase chain reaction (RT-PCR). (a) mRNA expression of the EGFR, AKT1, BCR and PTK7 genes was quantified in 14 EGFR-
mutated (EGFR-MUT-1~14) and 14 EGFR-wild-type (EGFR-WT-1~14) lung adenocarcinomas. The normalized expressions (relative to beta-actin
expression) of the four genes in 28 tumors are shown. (b) BCR mRNA was induced by EGF stimulation in lung cancer cell lines. Relative BCR mRNA
expression (compared to the expression at time 0) was subsequently quantified after EGF stimulation (30 min, 1 h and 3 h) in lung cancer celi lines
(NCI-H1650: closed bar, NCI-H1975: hatched bar). Gel electrophoresis of PCR products (BCR, upper panel; B-actin, lower panel) at each time point
was shown. (¢) BCR mRNA expression was reduced by treatment with EGFR kinase inhibitor (AG1478). Relative BCR expression in AG1478 treated
lung cancer cell lines was shown {(control, closed bar; EGFR inhibitor, hatched bar). Gel electrophoresis of PCR products (BCR, upper panel; B-actin,

lower panel) of control and AG1478-treated cells is shown.

and the classification based on the genome-wide gene expression
pattern. This suggests that genetic activation of the EGFR gene
may confer a growth advantage in both subgroups and that
environmental or intrinsic factors might affect the frequency of
EGFR mutations. Correlation analysis between gene expression
patterns and the presence of EGFR mutations revealed a small

Shibata et al.

group of tumors (the left branch in the bronchial subgroups) that
shows frequent EGFR mutation and mixed expression of
alveolar and bronchial signatures. This group might represent a
transitional subgroup between the two types although further
analysis will be required. The frequency of KRAS mutation detected
in our study was comparable with that reported previously.® In

Cancer Sci | July2007 | vol.98 | no.7 | 989
© 2007 Japanese Cancer Association



Table 2. Genes preferentially expressed in epidermal growth factor receptor (EGFR)-mutated lung adenocarcinoma

Ref Seq accession number Gene symbol Fold difference P-value
NM_016335 PRODH 3.18 0.0005
NM_001669 ARSD 2.5 0.00078
NM_005228 EGFR 231 0.00392
NM_000095 COMP 2.1 0.00515
NM_001012329 CTNNBIP1 2.09 0.000181
NM_004327 BCR 1.89 0.0000272
NM_002885 RAP1GA1 1.83 0.0053
NM_003917 AP1G2 1.82 0.00148
NM_002821 PTK?7 1.79 0.000147
NM_025179 PLXNA2 1.73 0.000158
NM_080920 GGTLAG' 1.73 0.000277
NM_004484 GPC3 1.73 0.00295
NM_001015881 T5C22D3 1.72 0.00219
NM_003944 SELENBP1 1.65 0.00252
NM_003317 TITF1' 1.59 0.0000193
NM_014698 TMEM63A 1.54 0.000214
NM_000548 TSC2 1.54 0.00141
NM_004689 MTA1 1.54 0.00362
NM_015316 PPP1R13B 1.53 0.00172
NM_001306 CLDN3 1.53 0.00704
NM_002933 RNASE1 1.53 0.00738
NM_001014431 AKT1 1.52 0.000155
NM_002134 HMOX2 1.51 0.000136
NM_015234 GPR116 1.5 0.0021
NM_004390 CTSH 1.5 0.00593
NM_000802 FOLR1 1.5 0.00761

'Genes previously reported to be preferentially expressed in EGFR-mutated lung cancer.
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contrast to EGFR mutations, KRAS mutations were significantly
frequent in a specific subgroup of lung adenocarcinoma (the
bronchial type) but KRAS mutation status was not associated
with any clinical features. Since KRAS mutations have been
reported to occur frequently in mucinous-type or goblet cell-
type lung adenocarcinoma®? it is possible that bronchial-type
adenocarcinoma may contain such histological subtypes.

Our results revealed genes that were specifically expressed in
tumors with genetic activation of the EGFR pathway (Table 2).
They included genes (TITF1 and GGTLA4) whose expression
has been previously reported to be associated with the presence
of EGFR mutations.®2% Qur analysis may also help to identify
promising candidate biomarkers for prediction of EGFR activa-
tion and sensitivity to EGFR-TKISs in lung cancer. In particular,
some of identified molecules (such as COMP, PTK7, PLXNA2,
GPC3 and GRP116) are secreted or membrane-associated pro-
teins that could be applicable for proteomic diagnosis using
serum or sputum samples.

BCR is a multifunctional protein that forms a chimera protein
with ABL in chronic myeloid leukemia.®® Recently BCR was
found to be a component of the endosomal sorting complex and
positively regulates lysosomal degradation of the EGFR pro-
tein.® Ligand-induced down-regulation of growth factor recep-
tors through endocytosis is the major regulatory mechanism that
controls the -duration and intensity of signal activation.®” Our
analysis revealed that expression of BCR was increased in EGFR-
mutated tumors and that EGF stimulation rapidly induced BCR
expression in lung cancer cells, supporting the hypothesis that

Fig. 4. Gene expression profiling of lung adenocarcinoma was
significantly associated with better disease-free survival (DFS) after
surgery. (a) Subclassification of the alveolar type tumors. (b, ¢) Kaplan-
Meier plots of DFS (days) of lung adenocarcinoma stratified according
to the gene expression profiling.
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BCR is a component of a negative feedback loop in EGFR sig-
naling. Notably it has been reported that some types of EGFR
mutation detected in lung cancer confer resistance to endosome-
mediated degradation.® It is possible that these EGFR muta-
tions may allow constitutive signal activation by overcoming
this negative feedback loop and that destabilization of such
oncogenic EGFR protein might be an alternative therapeutic
strategy.

In our study cohort, we found that molecular classification of
lung adenocarcinoma by gene expression profiling was signifi-
cantly associated with patient prognosis. We found that a sub-
group of the alveolar type was significantly better prognosis
than other groups. There was no significant difference in clin-
icopathological features (gender, smoking habit, clinical stage,
the presence of BAC features and EGFR mutation frequency)
between the two subtypes (Appendix [ Table 3). But this subgroup
had more well-differentiated tumors (P =0.02, Appendix I
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Table 3) and shows characteristic gene expression signatures
including several transcriptional factors and secreted molecules
(Appendix I Table 4). These gene products might also be useful
for molecular diagnosis of lung adenocarcinoma. On the basis
of our results, we propose that integrated analysis of genetic and
gene expression profiling aimed to delineate inherent oncogenic
pathways in cancer will be valuable not only for understanding
molecular pathogenesis and identifying therapeutic targets, but
also for clinical outcome in patients.
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In lung cancer, somatic mutations of epidermal growth factor
receptor (EGFR) are concentrated in exons 18-21, especially in
adenocarcinoma (Ad), but these mutations have rarely been
reported in small cell lung carcinoma (SCLC). Combined SCLC is rare,
and the EGFR mutation status and its relationship to the
clinicopathological features of this tumor type have not yet been
elucidated. We retrospectively studied six patients with combined
SCLC with Ad components among 64 consecutive patients who
underwent resection of SCLC. The dinicopathological features of
each patient were reviewed, espedially for the distribution pattern
of the Ad component and lymph node metastases. EGFR mutations
were screened by high-resolution melting analysis in each case,
and were confirmed by sequencing of each mutation in the
microdissected SCLC or Ad components. Regarding EGFR, no specific
mutation was detected in five of the six patients, whereas one
female patient who had never smoked had a missense mutation. in
this case, both the SCLC and Ad components shared the same
mutation in exon 21 (L858R). We identified a patient with
combined SCLC with Ad sharing an identical EGFR mutation in both
the SCLC and Ad components. In addition to the dinicopathological
characteristics of this rare histological type of lung cancer, these
findings provide useful information for better understanding the
biology, natural history and clinical management of SCLC. (Cancer
Sci 2007; 98: 1714-1719)

Small cell lung carcinoma (SCLC) accounts for 15-20% of
all lung cancers worldwide.!? SCLC is known to be more
sensitive than non-SCLC to chemotherapy, but shows a more
aggressive clinical course. The median survival time without
treatment is 2—4 months.?® Approximately 20% of patients with
limited SCLC achieve a cure, but most patients with SCLC will
relapse, and relapsed or refractory SCLC has a uniformly poor
prognosis with a 5-year survival rate of less than 5%.®

According to the 2004 World Health Organization (WHO)/
International Association for the Study of Lung Cancer (IASLC)
classification of lung and pleural tumors,® ‘combined SCLC’ is
defined as SCLC combined with an additional component that
consists of any of the histological types of non-SCLC, usually
adenocarcinoma (Ad), squamous cell carcinoma (Sq) or large
cell carcinoma. Combined SCLC is rare, and has been reported
to account for less than 1-3.2% of all SCLC.®” However, a high
proportion (12-26%) of SCLC patients who undergo surgical
resection show combination with non-SCLC.¢-1?

In a clinical setting, the distinction of SCLC from non-SCLC
is critical because of major differences in patient management
and prognosis. Recently, molecular targeted therapy has been
developed using agents such as epidermal growth factor receptor
(EGFR) tyrosine kinase inhibitor, which exerts antitumor activity
in patients with advanced non-SCLC (especially Ad) with EGFR

CancerSci | November2007 | vol.98 | no.1t | 17141719

mutations. High expression of EGFR has been reported in various
epithelial malignant tumors, including lung cancer,">'¥ and
somatic mutations in the kinase domain of EGFR are suggested
to be strongly correlated with sensitivity to EGFR tyrosine kinase
inhibitor.!>12 These mutations are concentrated in exons 18-21
of EGFR, and approximately 90% of EGFR-mutant patients
with lung Ad have mutations in two hot spots: in-frame deletion
at codons 747-749 (DEL) in exon 19, and a missense mutation
at codon 858 (L858R) in exon 21.47!® Although these mutations
have rarely been reported in SCLC, two recent studies have
demonstrated EGFR mutation in SCLC.(29

In the present study, we retrospectively investigated six resected
cases of combined SCLC with an Ad component to elucidate
the clinicopathological features of this rare tumor, especially
the ratio of each tumor component, the distribution patterns of the
Ad component, and the status of lymph node metastasis. The
EGFR mutation status in surgically resected specimens was also
analyzed for each histological type in the same tumor.

Materials and Methods

Patients and histological diagnosis. A search of our surgical
pathology files covering the period January 1982 to December
2004 yielded 64 consecutive patients with SCLC who had
undergone surgical resection at the National Cancer Center
Hospital, Tokyo, Japan. For the purposes of the present study,
we identified six patients with combined SCLC with an Ad
component. The research protocol was approved by the
Institutional Review Board.

The surgically resected specimens were fixed in 10% formalin.
All sections containing both tumor tissues and surrounding
lung tissues were embedded in paraffin. Additional consecutive
5 um-thick sections were cut from the tissue block and stained
with hematoxylin and eosin. All histological diagnoses were
reviewed by certificated pathologists (K. T., A. M. M. and Y. M.)
based on the most recent WHO/IASLC classification of lung
and pleural tumors. Both clinical and pathological staging data
for each patient have been reported according to the International
Staging System for Lung Cancer.®" Patient survival was calculated
as the time between operation and death.

Immunohistochemistry and evaluation. For phenotypic analysis,
paraffin section immunohistochemistry was carried out using
the primary antibodies listed in Table 1, followed by subsequent
labeling with the Envision+ horseradish peroxidase (HRP) system
(DAKO, Carpinteria, CA, USA). For heat-induced epitope
retrieval, sections stained for p63 were treated with 1.0 mmol/L
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Table 1. Results of immunohistochemistry
scc Immunoreaction Non-sCLC immunoreaction No.l:umor ﬁm?ollsm
Patient no. component component cells per slice’ (%)
(%) CgA SYN NCAM TIF-1  p63 (%) CgA SYN NCAM TTF1 p63  SCLC Ad  Sq
1 95 2+ 3+ 3+ 3+ 0 Ad, 5 1+ 1+ 1+ 3+ 0 30(97) 1(3) -
2 80 3+ 3+ 3+ 3+ 0 Ad, 10 0 1+ 1+ 2+ 1+ 21 (84) 3(12) 1 (9
sq, 10 o o 0 0 3+
3 70 1+ 3+ 34+ 3+ [} Ad, 30 0 1+ 0 3+ 0 38 (93) 3 -
4 55 2+ 3+ 3+ 3+ 0 Ad, 45 0 [} 1+ 1+ 0 24 (92) 2(8) -
5 35 3+ 3+ 3+ 3+ 0 Ad, 60 1+ 1+ 1+ 34+ 1+ 17(100) 0(0) 0 (0
Sq, S 0 14 0 0 2+
6 5 Not done Ad, 95 Not done Not done

CgA, chromogranin-A; NCAM, neural cell adhesion molecule; SCLC, small cell lung carcinoma; SYN, synaptophysin; TTF-1, thyroid transcription
factor-1. Semiquantitative assessments of the percentage of positive tumor cells (0 = none, 1+ = 1-33%, 2+ = 34-66%, 3+ = 67-100%) were made.
"We counted the number of lymph vessels with tumor embolisms confirmed by staining for D2-40 for a representative slide.

Table 2. Clinical characteristic of the patients with combined small cell fung carcinoma (SCLC) with adenocarcinoma (Ad)

patient no Age/Sex ECOG Smoking Smoking Tumor Size Stage Preoperative Surgical
: PS status index location (mm) (cTNM) diagnosis procedure

1 74/Mate 0 Current 2160 Peripheral 3 tib (210) Unknown RLL!

2 66/Male 0 Ever 900 Peripheral 38 tib (210) Unknown RMAL?

3 62/Female 0 Never 1] Peripheral 31 b (200) SCLC LUL

4 77/Male 1 Current 570 Peripheral 15 1a (100) Unknown Left

pneumonectomy

S 75/Male 0 Ever 1000 Peripheral 30 1a (100) Non-SCLC RUL

6 76/Male 0 Current 1120 Peripheral 28 1a (100) Ad RUL

Smoking index: (number of cigarettes smoked per day) x years. Adjuvant chemotherapy: 'cyclosphosphamide + doxorubicin + vincristine x 1 cycle.
*Cisplatin + etoposide x 1 cycle followed by cisplatin + irinotecan x 3 cycles. LUL, left upper lobectomy; RLL, right lower lobectomy; RM/LL, right

middle and lower lobectomy; RUL, right upper lobectomy.

ethylenediaminetetraacetic acid buffer (pH 8.0). Sections stained
for chromogranin A (1:500, polyclonal; DAKO), synaptophysin
(1:100, polyclonal; DAKO), neural cell adhesion molecule
(NCAM) (1:200, Lu243; Nihon Kayaku, Tokyo, Japan), thyroid
transcription factor (TTF)-1 (1:100, 8G7G3/1; DAKO), p63
(1:100, 4A4; DAKO) and D2-40 (1:50, D2-40; DAKO) were
treated with 0.02 mol/L citrate buffer (pH 6.0). The slides were
incubated overnight with each primary antibody. Diaminobenzidine
was used as the chromogen, and hematoxylin as the counterstain.

Positive staining was defined as distinct linear membrane
staining for neural cell adhesion molecule, cytoplasmic staining
for chromogranin A and synaptophysin, and nuclear staining for
TTF-1 and p63. Immunostaining of each of the SCLC and non-
SCLC components was graded on a scale of 0—3+ according to
the percentage of positive tumor cells (0 = none; 1+ = 1-33%;
2+ = 34—66%; 3+ = 67-100%). We then carried out immuno-
histochemical identification of lymph vessels with or without
tumor embolisms for a representative slide.®® After independent
evaluation by two of us (T. F. and K. T.), judgment consensus
was obtained by joint viewing of the slides using a multiheaded
microscope.

Analysis of EGFR mutational status. In our previous study, we
established a practical and precise non-sequencing method for
detecting EGFR mutations involving high-resolution melting
analysis (HRMA) using LCGreen I dye (Idaho Technology,
Salt Lake City, UT, USA).“» First we screened for the EGFR
mutations, DEL and L858R, using the HRMA method in
formalin-fixed paraffin sections obtained from surgically
resected combined SCLC with Ad. Human genomic DNA (Roche
Diagnostics, Basel, Switzerland) was used as a control sample
with wild-type EGFR. Second, we used 10% formalin-fixed,
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paraffin-embedded surgical specimens of primary combined
SCLC from patients demonstrating DEL or L858R by HRMA,
and the DNA was extracted from each of the SCLC and Ad
components, respectively, the areas of which were clearly deter-
mined morphologically after laser capture microdissection
(Arcturus Engineering, Mountain View, CA, USA) of the tumor
tissue.®? Nested polymerase chain reaction (PCR) was carried
out to amplify exons 19 and 21 of EGFR using previously
described primers.!"” The PCR products were electrophoresed on
2% agarose gels and subcloned into the TA vector (TOPO TA
Cloning Kit, Invitrogen, Carlsbad, CA, USA), then the sequences
were determined with M13 primers using an AB! Prism 3100
Genetic Analyzer (Applied Biosystems, Foster City, CA, USA)
according to the manufacturer’s instructions.

Results

Clinical characteristics. The clinical characteristics. of the six
patients are shown in Table 2. All patients were Japanese, aged
between 62 and 77 years (mean 71.7 years). Five patients were
male and one was female. Five patients were smokers whereas
the remaining patient had never smoked. The median survival
time of the six patients was 16.8 months (range 0.4—27.4 months);
one patient died of heart failure 13 days after left pneumonectomy.

All six tumors were located in the peripheral portion of the
lung. On clinical evaluation, three patients were staged as Ia
(TINOMO), one as Ib (T2ZNOMO) and two as [Tb (T2N1MO). Pre-
operative pathological diagnoses were obtained in three patients
and comprised one case each of SCLC, non-SCLC and Ad.

Pathological findings. Among six patients with combined SCLC
with Ad, histological examination demonstrated that four had
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Table 3. Histological findings of primary tumor and lymph node metastases, and epidermal growth factor receptor (EGFR) mutation

Ratio of each Histslogical type
Patient no. Stage (pTNM) component (%) Ofg,r::,ht;zde BACike EGFR mutation
extension
SCLC Ad Sq Mediastinal Hilar

1 lla (110) 95 5 0 Non' SCLC Absent Wild type

2 llia (220) 80 10 10 SCLC sCLC Present Wild type

3 1lib (410) 70 30 0 Non' Ad Present L858R

4 b (420) 55 45 0 Ad SCLC or Ad* Present Wild type

L lia (220) 35 60 5 Ad SCLC or Ad* Present Wild type

6 Ib (200) 5 95 0 Nont Non' Present wild type

tThe patient had no mediastinal or hilar lymph node metastasis. $The patient had lymph node metastasis only from the SCLC component, and
another lymph node showing metastasis only from the Ad component. Ad, adenocarcinoma; BAC, bronchioloalveolar carcinoma; hilar, hilar lymph
node; L858R, mutation at codon 858 of EGFR; medical, mediastinum lymph node; pTNM, pathological TNM; SCLC, small cell lung carcinoma;

Sq, squamous cell carcinoma.

SCLC combined only with an Ad component (ratio of Ad in
the tumor: 5, 30, 45 and 95%), whereas two had both Ad and
Sq components (ratio of Ad/Sq: 10%/10% and 60%/5%,
respectively). On pathological staging, one patient was staged as
Ib (T2NOMO), one as [la (TINIMO), two as Illa (T2N2MO)
and two as IIIb (T4NIMO and T4N2MO). In five of the six
patients, the Ad components were observed in the peripheral

1716

Fig. 1. Combined small cell lung carcinoma
(SCLC) with adenocarcinoma (Ad). (a) The
periphery of this tumor consisted of a non-
mucinous bronchioloalveolar carcinoma-like
extension (patient no. 3). (b) The transitional
zone between the SCLC and Ad components had
poorly differentiated cells, shown by the
immunohistochemical studies (patient no. 1). (¢}
D2-40 with a membranous staining pattern of
the lymph vessels. Tumor embolism of lymph
vessels was confirmed by D2-40 staining (patient
no. 3). (c-1) SCLC cell embolisms increased in
number around the primary lesion. (c-2) Ad cell
embolisms invaded the lymph vessels.

part of the tumor showing a lepidic extension pattern, simulating
bronchioloalveolar carcinoma. In the remaining one patient, Ad
formed a minor component comprising approximately 5% of the
tumor (Table 3). The Ad components in two patients showed a
micropapillary growth pattern, whereas mucin production was
not detected in any patient (Fig. 1a). The boundary between
the SCLC and Ad components was not clear, and showed an

doi: 10.1111/j.1349-7006.2007.00600.x
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indeterminate component that suggested gradual morphological
transition from one to the other (Fig. 1b). In the two patients
who also had combined Sq, the Sq component showed
keratinization and was distinct from the SCLC component, but
the border between the Ad and Sq components was unclear.

The results of immunohistochemical studies carried out in
five cases are shown in Table 1. The specimen from patient no. 6
was not available. All of the SCLC components showed positive
staining for at least one neuroendocrine marker. In addition, the
Ad components in all five patients examined showed positive
staining for at least one neuroendocrine marker, although
semiquantitative assessments of the percentage of positive Ad
cells were lower than those for SCLC cells in the same tumor.
Also, the Ad components showed positive staining for TTF-1 in
all five patients. TTF-1 staining of the SCL.C component tended to
be similar to that of the Ad component in terms of the percentage
of positive cells. p63 immunostaining served as a good marker
of Sq differentiation.

Status of lymph node metastasis. Five patients had pathologically
confirmed hilar lymph node metastases, and three of them also
had histologically proven mediastinal lymph node metastases,
which had not been evident at the time of preoperative clinical
evaluation (Table 3). Among these five patients with hilar lymph
node metastases, two showed only SCLC in the metastatic
lesion, one showed Ad only, and two showed SCLC or an
Ad component that had developed separately in each lymph
node. Among the three patients with mediastinal lymph node
metastases, one had only SCLC in the nodes, and two had an Ad
component only. Metastatic Ad components were found only in
patients with a primary tumor in which Ad accounted for more
than 30% of the total volume.

In the six patients, we identified tumor embolism of the
lymph vessels immunohistochemically with D2-40 staining.
There were approximately 800—1000 lymph vessels in each of
these tumors per representative slide. The major component
invading the lymph vessels around the tumors was SCLC cells.
Even in the two patients who had mediastinal lymph node
metastases with an Ad component, the SCLC cells tended to
spread to the lymph vessels rather than the Ad cells (Table 1).

EGFR mutational status. First, we analyzed 10 surgically resected
samples from six patients with combined SCLC and Ad by
HRMA. Analysis of exon 19 demonstrated curves identical to
those of the control (wild type) in all samples, as shown in
Fig. 2a. In the analysis of exon 21, thorough melting curves
were obtained for two samples from patient no. 3, showing a
different curve from the control, whereas the other eight samples
demonstrated curves identical to the control (wild type), as
shown in Fig. 2b. The normal lung tissue from patient no. 3,
who was a female non-smoker, showed a wild-type curve,
and therefore we judged that this patient had L858R in exon 21
of EGFR.

Next we confirmed this mutation in the SCLC and Ad com-
ponents in patient no. 3. DNA was extracted from each SCLC
and Ad component separately using laser capture microdissection
or by manual microdissection, which was carried out for each
clearly determined component on paraffin-embedded sections.
Sequence analysis of subcloned PCR products obtained from
the separate components was carried out. Examination of both
SCLC and Ad components showed an identical mutation
(L858R) in exon 21 (Fig. 3), confirming the results obtained
by HRMA.

Discussion

The present study using microdissected tumor tissue is the first
to report a patient with combined SCLC with Ad showing the
EGFR mutation in both the SCLC and Ad components. EGFR
mutations, especially DEL and L858R, have been reported in
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Fig. 2. Results of high-resolution melting analysis (HRMA). Adjusted
melting curves obtained by HRMA of combined small cell lung
carcinoma (SCLC) with primers designed to detect mutations in (a) exon
19 or (b) exon 21 of epidermal growth factor receptor (EGFR). Two
samples from patient no. 3 were identified as containing the L858R
mutations (T). The DNA extracted from normal lung tissue of patient
no. 3 was identified as wild type (not shown).

Ad of the lung. These somatic mutations in the kinase domain
of EGFR have been shown to be predictive molecular markers
for sensitivity to kinase inhibitors such as gefitinib (Iressa;
AstraZeneca, Osaka, Japan). However, these mutations have
rarely been demonstrated in SCLC. To our knowledge, there
have been two reported cases of metastatic SCLC harboring
DEL in exon 19 of EGFR showing responsiveness to EGFR
tyrosine kinase inhibitors."*22% Considering that the diagnosis
of SCLC is often based on small biopsy specimens that may not
be sufficiently representative of the total tumor, there is a
possibility that any combined component may be overlooked.

In a clinical setting, the distinction of SCLC from non-SCLC
is critical because of major differences in management and
prognosis between the two cancers. SCLC is well known to
be more common in men and smokers, but so far SCLC with
EGFR mutations has been detected only in female patients who
have never smoked,>* as was the case in our present female
patient. Thus it seems reasonable to suggest that in clinically
unusual SCLC patients, for example those who are non-smokers
and female, showing peripheral nodular lesions and histological
combination with Ad, EGFR mutation status should be analyzed
because previous studies have shown that EGFR tyrosine kinase
inhibitors are effective in patients with metastatic SCLC with
EGFR mutations.

The present study is considerably informative with regard to
the origin and histogenesis of SCLC. EGFR mutation is detected
in patients with pre-invasive adenocarcinomatous lesions such
as atypical adenomatous hyperplasia and bronchioloalveolar
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Fig. 3. Results of DNA sequencing from patient no. 3. The tumor of
patient no. 3 was microdissected into the small cell lung carcinoma
(SCLC) and adenocarcinoma (Ad) components. (a) Sequence analysis of
the subcloned polymerase chain reaction (PCR) products from the
microdissected SCLC component. (b) Sequence analysis of the subcloned
PCR products from the microdissected Ad component. The patient had
a tumor with L858R of EGFR, which was in both the SCLC and Ad
components.

carcinoma, which eventually progress to invasive lung Ad.®®
In addition, EGFR mutations are also linked to Ad with a bron-
chioloalveolar carcinoma component.®” Thus it is suggested
that EGFR mutation occurs and plays a critical role in the early
developmental stage of lung Ad. The mutation is detected more
frequently in Ad in female non-smokers than in male smokers.
In the present study, the only patient with SCLC harboring an
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The histological patterns of lymph node involvement showed
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The rarity of patients with combined SCLC makes it difficult to
determine the optimal management and biological characteristics
of this tumor. However, the present findings suggest that the
classical classification of lung cancer might provide insufficient
management for a specified subpopulation in molecular targeted
therapy. Although this retrospective study examined only a very
limited number of lung carcinoma cases, we consider that the
findings provide useful information for understanding the biology
of this lung cancer and devising more effective forms of clinical
management.
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