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A B 8§ T R A C T

Purpose
Neuroendocrine (NE) tumors of the lung include typical carcinoid (TC), atypical carcinoid (AC),

large-cell NE carcinoma (LCNEC), and small-cell lung carcinoma (SCLC). Their clinicopathologic
profiles and relative grade of malignancy have not been defined.

Patients and Methods

From 10 Japanese institutes, 383 surgically resected pulmonary NE tumors were collected. The
histologic diagnosis was determined by the consensus of a pathology panel consisting of six
expert pathologists as TC, AC, LCNEC, or SCLC on the basis of the WHO classification, and its
relationship to clinicopathologic profiles was analyzed.

Results

Of the 383 tumors, 18 were excluded because of an improper specimen. The pathology panel
reviewed the remaining 366 tumors, and a diagnosis of NE tumor was made in 318 patients
(87.4%); 55 patients had TC, nine had AC, 141 had LCNEC, and 113 had SCLC. The 5-year survival
rates of patients with all stages were as follows: 96.2% for TC, 77.8% for AC, 40.3% for LCNEC,
and 35.7% for SCLC. There was significant prognostic difference between TC and AC as well as
between AC and LCNEC+SCLC. However, there was no difference between LCNEC and SCLC, and
their survival curves were superimposed. The multivariate analysis indicated that histologic type,
completeness of resection, symptoms, nodal involvement, and age were significantly prognostic.

Conclusion
The grade of malignancy of NE tumors was upgraded in the following order: TC, AC, LCNEC, and
SCLC. No prognostic difference was noted between LCNEC and SCLC. The high-grade NE

histology uniformly indicated poor prognosis regardless of its histologic type.

J Clin Oncol 24:70-76. © 2006 by American Society of Clinical Oncology

In the recent revision of the WHO classification
of lung and pleural tumors, the same grading was
adopted with detailed criteria for each subtype of NE
tumors, although LCNEC was subcategorized as a
type of large-cell carcinoma.'® However, the impor-
tant issues regarding NE tumors of the lung have not
yet been defined. In particular, the grade of malig-
nancy of each NE subtype has not been defined.

Normal lung contains a population of neuroendo-
crine cells, where the term neuroendocrine (NE)
defines a specific group of cells based on their secre-
tory products, distinct staining characteristics, and
ability to uptake and decarboxylate amine precur-
sors." Lung tumors originating from NE cells or

differentiating into NE cells have been recognized,
and they are represented by a wide range of patho-
logic entities.”” It is now widely recognized that NE
tumors of the lung include a spectrum, from low-
grade typical carcinoid (TC) to intermediate-grade
atypical carcinoid (AC) to high-grade large-cell NE
carcinoma (LCNEC) and small-cell lung carcinoma
(SCLC).> LCNEC is a unique tumor that shows
immunohistochemical and morphologic appear-
ance as high-grade NE tumors and non—small-cell
nuclear features. Its clinicopathologic behaviors
have been elucidated only recently.”

There is little information available on the relative
grade of malignancy among the several histologic
types. However, to ensure the appropriate choice
of treatment strategy for patients with various
types of NE lung tumors, a histology-specific un-
derstanding of clinicopathologic behavior and
prognosis is indispensable.

Considering the importance of histologic di-
agnoses and their reproducibility, this study was
conducted in a retrospective, multi-institutional
setting with a critical review of histology by an
expert panel. The clinicopathologic background
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of patients was collected, and histology-specific characteristics
were extensively analyzed.

Patients

A total of 383 patients with a histologic diagnosis of primary pulmonary
NE tumor at each institution were enrolled onto this retrospective study.
Intermediate- and high-grade NE tumors were a focus for enrollment. Sam-
ples were obtained from 10 institutions in the Japanese Multicenter Study
Group of NE Tumors (Appendix). To ensure that there would be enough
specimens for pathologic examination, only surgical cases were considered.
Patients who were diagnosed only by biopsy sample and treated by some
modality other than surgery were excluded. Histopathologic and clinicopath-
ologic studies were performed. The final histologic diagnosis was established
by an expert central review, as described later in detail. Extensive clinical
information was also collected and included demographic data, surgical infor-
mation, preoperative serum tumor marker levels, pathologic data, endocrine
syndromes (Cushing’s syndrome, acromegaly, and so on), tumor recurrence,
and survival. For serum tumor markers, three markers, carcinoembryonic
antigen (CEA; normal range, < 5 ng/mL), neuron-specific enolase (NSE;
normal range, < 15 ng/mL), and progastrin-releasing peptide (proGRP;
normal range, < 46 ng/mL), were studied. All patients were staged post-
surgically according to the International Union Against Cancer TNM
classification system.'?

Pathologic Diagnosis: Central Review

To ensure an accurate histologic diagnosis as NE tumor, the histology of
all of the enrolled patients was reviewed by a pathology panel consisting of six
experts (T.K., Y.M.,, T.I,, Y.I, M.N,, and T.Y.). Paraffin-embedded blocks or
unstained slide glasses were obtained in all cases and processed by routine
hematoxylin and eosin staining and immunohistochemical studies solely at
one institution (T.K. and S.-X.J.). To demonstrate the NE phenotype, at least
three antibodies to chromogranin-A, CD56 (neural adhesion molecule), and
synaptophysin were used. Immunohistochemically, the tumor was considered
as positive if the tumor cells exhibited focal, patchy, or diffuse staining in the
intracellular locations for each antigen. The classification criteria were based
on the revised WHO classification of lung carcinoma (1999),'* in which TC,
AC, LCNEC, and SCLC are strictly differentiated. The process of central review
was as follows. First, the pathology panel members performed a pathology
review independently, and their respective reports were sent directly to the
central office. After the individual reviews were completed, a review meeting
was held to establish a final consensus on the histologic type in each case. The
evaluation of immunohistochemical staining was also documented.

Statistics

The Kaplan-Meier product limit estimator was used to graphically dis-
play the survival curves, and the log-rank test was used to compare survival
between different groups. The Cox proportional hazard model was used to
examine the effects of variables that may have affected the prognosis of patients
with NE tumors. P < .05 was considered significant.

Among the 383 patients enrolled, 18 were excluded from the study. In
17 patients, the specimens were judged to be inappropriate because
either the tumors were of nonpulmonary origin or no specimens were
available from the primary site. In one patient, the eligibility criteria
were not met because this was an autopsy case. The remaining 365
tumors were considered for further central pathology review.

Central Pathology Review
Of the 365 tumors, as a final agreement of the review meetings, a
total of 318 (87.1%) were diagnosed as pulmonary NE tumors,
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whereas a histology of non-NE tumor was confirmed in 47 tumors
(12.9%; Table 1). Actually, the pathology panel could not reach a
consensus with regard to the histologic type of 14 high-grade NE
tumors at the initial session of panel meetings. Therefore, after enough
intervals, the panel meetings were held again, and the final consensus
as either LCNEC or SCLC was established. Of the NE tumors, a
diagnosis of TC, AC, LCNEC, and SCLC was made in 55, nine, 141,
and 113 patients, respectively. In the non-NE tumors, large-cell carci-
noma (LCC) was most commonly seen (33 patients), followed by
poorly differentiated squamous cell carcinoma (seven patients),
poorly differentiated adenocarcinoma (three patients), pulmonary
blastoma (two patients), and indeterminate histology by treatment
(two patients). When looking at the histologic subtypes of 74 LCCs,
141 were diagnosed as LCNEC because of the coexistence of NE
morphology and phenotype. However, the NE phenotype was not
demonstrated despite the presence of NE morphology in 11 patients
(LCC with NE morphology), and the NE morphology was not dem-
onstrated despite the presence of NE phenotype in 12 patients (LCC
with NE phenotype). In the remaining 10 patients, neither NE pheno-
type nor NE morphology was demonstrated (LCC). Among 141
LCNECs, 15 tumors (10.6%) were combined with other histologic
types, and 126 tumors (89.14%) were not combined (Table 2). Also,
among 113 SCLCs, 30 tumors (26.6%) were combined with other
histologic types, and 83 tumors (73.4%) were not combined (Table 3).
Despite the various combinations of high-grade NE tumors with other
histologic types, neither TC nor AC was seen as the combined histol-
ogy for LCNEC and SCLC.

Clinicopathologic Profiles

The clinical background and profiles were studied according to
the histologic type (Table 4). Aggressive tumors tended to affect older
patients. In particular, patients with TC were significantly younger
than patients with other tumor histologies. A remarkable difference in
sex distribution was seen between carcinoid tumors (TC and AC) and
other high-grade NE carcinomas (LCNEC and SCLC). Compared
with carcinoid tumors, the high-grade NE tumors affected men sig-
nificantly more often than women, with males accounting for more
than 80% to 90% of the tumors. Also, 95% to 100% of the patients
with high-grade NE carcinomas had a smoking history, whereas only
half of the patients with carcinoid tumors were smokers. Only four
patients (1.3%) in the entire group of patients with NE tumors showed

Table 1. Histologic Diagnosis
No. of
Histologic Type Patients %
NE tumors 318 87.1
TC 55) 15.1
AC 9 2.5
LCNEC 141 38.6
SCLC 113 31.0
Non-NE tumors 47 12.9
LCC 33 9.0
Others 14 3.8
Total 365 100
Abbreviations: NE, neuroendocrine; TC, typical carcinoid; AC, atypical carci-
noid; LCNEC, large-cell neuroendocrine carcinoma; SCLC, small-cell lung
carcinoma; LCC, large-cell carcinoma.

n
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Table 2. Details of Histologic Diagnosis of LCNEC

No. of

Histologic Type Patients %
LCNEC, not combined 126 89.4
LCNEC, combined 15 10.6
With AD 5 3.5
With SQ 8 5.7
With others 2 1.4

Total 141 100

Abbreviations: LCNEC, large-cell neuroendocrine carcinoma; SCLC, small-cell
lung carcinoma; AD, adenocarcinoma; SQ, squamous-cell carcinoma.

symptoms related to the paraneoplastic syndromes. The following
syndromes were seen: Eaton-Lambert’s syndrome in two patients with
SCLC, syndrome of inappropriate antidiuretic hormone secretion in
one patient with SCLC, and carcinoid syndrome in one patient with
TC. In AC and LCNEC, paraneoplastic syndrome was not seen. The
serum tumor markers of CEA, NSE, and proGRP were measured
before surgery in 298 (93.7%), 240 (75.5%), and 79 (24.8%) of 318
patients, respectively (Table 5). The serum CEA level was elevated in
half of the patients with LCNEC or SCLC. Although proGRP was a
good marker of high-grade NE tumors, the elevation of NSE level was
limited in these patients, probably because of the relatively early stage
for the tumors. The pathologic profiles of resected tumors are listed in
Table 6. The average size of LCNEC (41 mm) was the largest among
NE tumors; other types averaged approximately 30 mm in diameter.
In TC, nodal involvement was seen in only two patients (3.6%),
whereas approximately half of the patients with other histologic types
had lymph node involvement in both the pulmonary hilum and
mediastinum. Accordingly, the postsurgical stage of TC was stage I in
more than 90% of the patients. However, approximately half of the
patients with the other types of tumors were categorized as stage I, and
there was no remarkable difference in the stage distribution between
the different histologic types.

Prognosis

The follow-up for the patients in this study ranged from 2 to 197
months. The median follow-up time was 60 months. There were 124
tumor recurrences (39.0%) among all of the patients with NE tumors
(Table 7). Compared with carcinoid tumors, high-grade NE tumors
had a higher recurrence rate, at appproximately 50%. The survival
curves for the 318 patients with NE tumors according to the histologic

Table 3. Details of Histologic Diagnosis of SCLC
No. of

Histologic Type Patients %
SCLC, not combined 83 73.4
SCLC, combined 30 26.6

With LCNEC 15 13.3

With AD 9 8.0

With SQ 5 4.4

With AD + SQ 1 0.9
Total 113 100
Abbreviations: LCNEC, large-cell neuroendocrine carcinoma; SCLC, small-cell
lung carcinoma; AD, adenocarcinoma; SQ, squamous-cell carcinoma.

2

Table 4. Clinicopathologic Profiles According to the Histologic Type
Histologic Type
TC AC LCNEC SCLC Total
Profile (n=255) (n=9) (h=141) (h=113) (N =2318)
Age, years
Median 52 63 66 67 65
Range 17-83 3873 38-88 40-84 17-88
Sex
Female, No. 23 5 15 23 66
Male
No. 32 4 126 90 252
% 58.2 44.4 89.4 79.7 79.3
Paraneoplastic
syndrome
No. 1 0 0 3 4
% 1.8 0 0 2.7 1.3
Present and past
smokers
No. 30 5 139 106 280
% 54.6 55.6 98.6 93.8 88.1
Abbreviations: TC, typical carcinoid; AC, atypical carcinoid; LCNEC,
large-cell neuroendocrine carcinoma; SCLC, small-cell lung carcinoma.

type are shown in Figure 1. The 5-year survival rates for patients with
TC, AC, LCNEC, and SCLC were 96.2%, 77.8%, 40.3%, and 35.7%,
respectively. The histologic type as NE tumor significantly affected the
prognosis of the patients (P = .0001). The prognosis of AC was
significantly better than the prognosis of both LCNEC and SCLC
(P = .0406), which means that intermediate-grade malignancy (AC)
could be differentiated from high-grade malignancy (LCNEC and
SCLC). The survival curves of LCNEC and SCLC were superimposed,
and there was no difference in survival (P = .9147). Survival was
further analyzed within the same stage category, and a range of prog-
noses was seen. The relative grade of malignancy was reproduced
within each stage category; in stage I patients (n = 175), the 5-year
survival rates for TC, AC, LCNEC, and SCLC were 98.0%, 75.0%,
57.8%, and 42.2%, respectively (Fig 2). Again, there was no survival
difference between LCNEC and SCLC (P = .1851), although the
5-year survival rate was numerically better for LCNEC. In stage II
patients (n = 46), the 5-year survival rates for TC, AC, LCNEC, and
SCLC were 75.0%, 100%, 31.9%, and 38.9%, respectively. In the
multivariate analyses, the following variables were entered based on
the results of univariate analyses: histologic type, symptoms, com-
pleteness of resection, nodal status, pathologic stage, and age. Among
these variables, a histologic type of high-grade NE tumor was the most
significant prognostic factor, with risk ratios (RRs) for SCLC and
LCNEC of 17.40 and 17.69, respectively. Other significant prognostic
factors included incomplete resection (RR = 3.13), symptoms
(RR = 1.69), nodal involvement (RR = 2.23), and old age (RR = 1.53).

A population of NE cells can be recognized in the normal bron-
choalveolar structures in the lung, where NE defines specific cellu-
lar characteristics and the ability to uptake and decarboxylate amine
precursors.' These features are reflected by the morphology, such as
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Table 5. Percentage of Abnormal Elevations of the Tumor Markers CEA, NSE, and proGRP
Histologic Type
TC (n = 55) AC (n = 9) LCNEC (n = 141) SCLC (h = 113)
No. of No. of No. of No. of
Patients Patients Patients Patients
With With With With
Abnormally Abnormally Abnormally Abnormally
Elevated No. of Elevated No. of Elevated No. of Elevated No. of
Serum Patients Serum Patients Serum Patients Serum Patients
Tumor Marker % Level Measured % Level Measured % Level Measured % Level Measured
CEA 5.9 3 51 1.1 1 48.5 63 130 40.7 44 108
NSE 0 0 42 0 0 124 13 105 2.3 2 88
proGRP 71 1 14 100 1 25.8 8 29 48.5 16 31
Abbreviations: TC, typical carcinoid; AC, atypical carcinoid; LCNEC, large-cell neuroendocrine carcinoma; SCLC, small-cell lung carcinoma; LCC, large-cell carcinoma;
CEA, carcinoembryonic antigen; NSE, neuron-specific enolase; proGRP, progastrin-releasing peptide.

secretory granules and dense core granules by electron microscopy.
However, the clinical implications of these NE characteristics (NE
phenotype and NE morphology) in lung tumors have not yet been
defined, especially in relation to the proper choice of treatment strat-
egy. For SCLC, which shows a chemosensitive and aggressive nature, a
standard therapeutic strategy has been established apart from other
histologies. However, other NE tumors require the further refinement
of histology-specific treatment.

NE lung tumors exhibit a spectrum of histologies, clinical pro-
files, and biologic behaviors ranging from relatively indolent TC to
histologically high-grade, biologically aggressive tumors.> The grad-
ing was proposed in the 1999 WHO classification, with rigorous cri-
teria for each subtype, even though LCNEC is still considered a variant
form of large-cell carcinoma."* According to the WHO classification,
AC can be differentiated from TC by a higher mitotic activity and/or
the presence of necrosis. Although LCNEC is characterized by the NE
morphology (nesting, palisading, and rosettes), a high mitotic rate,

necrosis, cytologic features similar to non—small-cell lung cancer, and
positive immunohistochemical staining for NE markers, it can some-
times be difficult to differentiate between LCNEC and SCLC. Even for
an expert pathologist, the cytologic features falling between LCNEC
and SCLC can make it difficult to define the histology as either SCLC
or LCNEG, as seen in 14 tumors in the present series. One of the issues
in the present WHO classification is that, despite the morphologicand
clinical close relationship between SCLC and LCNEC, these tumors
are placed in different categories. Specifically, LCNEC is recog-
nized as a part of non—small-cell carcinoma, and the present ther-
apeutic strategy is being planned in a histology-specific basis as
SCLC or non-SCLC. Further assessment of therapeutic response is
a high-priority issue, which will also justify the distinction between
LCNEC and SCLC.

The most significant clinical and pathologic implication of the
present study is the determination of the relative grade of malignancy
of each histologic type among NE tumors. In particular, for the three

Table 6. Pathologic Profiles According to the Histologic Type

Histologic Type

TC AC LCNEC* SCLC Total
(n = 55) (n=9) (n = 141) (n=113) (N =318)
No. of No. of No. of No. of No. of
Profile Patients % Patients % Patients % Patients % Patients %

Tumor diameter, mm

Mean 26 26 41 29 34

Range 9-70 13-44 7-140 715 7-140
Postsurgical stage

| 50 90.9 4 44.4 63 45.3 58 51.3 175 55.4

Il 4 7.3 2 22.2 22 15.9 18 16.0 46 14.6

A 1 1.8 2 22.2 32 23.0 24 21.2 59 18.7

1B 0 0 0 0 13 9.4 12 10.6 25 7.9

I\ 0 0 1 1.1 9 6.5 1 0.9 1" 3.5
Nodal involvement

NO 53 96.4 5 55.6 76 55.1 65 57.5 199 63.2

N1 1 1.8 2 22.2 26 18.8 23 20.4 52 16.5

N2 1 1.8 2 22.2 33 23.9 24 21.2 60 191

N3 0 0.0 0 0.0 3 2.2 1 0.9 4 1.3

Abbreviations: TC, typical carcinoid; AC, atypical carcinoid; LCNEC, large-cell neuroendocrine carcinoma; SCLC, small-cell lung carcinoma.
“Data on the stage and nodal status were not available in two and three patients with LCNEC, respectively.

WWW.jco.org

n

Information downloaded from www.jco.org and provided by University of Basel on August 24, 2006 from 145.250.209.1.
Copyright © 2006 by the American Society of Clinical Oncology. All rights reserved.



Asamura et al

Table 7. Outcome of Patients With NE Tumors
Histologic Type
TC AC LCNEC SCLC Total
(n = 55) (n=29) (n = 141) (n=113) (N = 318)
No. of No. of No. of No. of No. of
Outcome Patients % Patients % Patients % Patients % Patients %
Tumor recurrence 2 3.6 8 81838 68 48.2 54 47.8 124 39.0
Locoregional 1 1 17 10 30
Distant 1 2 34 18 55
Both 0 0 16 16 36
Unknown 0 0 1 1 4
All deaths 3 5.5 2 22.2 84 59.6 69 61.1 158 49.7
Cancer death 1 33.3 0 0.0 62 73.8 43 63.2 106 67.5
Abbreviations: TC, typical carcinoid; AC, atypical carcinoid; LCNEC, large-cell neuroendocrine carcinoma; SCLC, small-cell lung carcinoma; NE, neuroendocrine.

histologic types that are considered intermediate- or high-grade ma-
lignancy (AC, LCNEC, and SCLC), the present findings clearly re-
vealed their relative prognoses. There have been several previous
reports on the prognosis of NE tumors of the lung. However, relatively
few cases of high-grade NE tumors have been included. On the basis of
their own diagnostic criteria, Travis et al’ reported that the 5-year
survival rates for TC, AC, LCNEC, and SCLC were 87%, 56%, 27%,
and 9%, respectively. Garcia-Yuste et al* reported that the 5-year
survival rates for TC, AC, LCNEC, and SCLC were 96%, 72%, 21%,
and 14%, respectively. Neither report described a significant differ-
ence in survival between LCNEC and SCLC. As for LCNEC, the
reported 5-year survival rates have ranged from 13% to 47%.* !>
The 5-year survival rate of LCNEC in our present series was 41.3%,
which is within the range of the rates reported previously. Even for
stage I disease, the reported 5-year survival rates have been approxi-
mately 10% to 30%.*>*'* In the present series, however, the 5-year
survival rate of stage I LCNEC was 60%, which was higher than the
rates in previous reports. However, considering the 5-year survival
rate of stage I non—small-cell lung cancer, LCNEC is the histology with
the worst prognosis among non—small-cell histologies.'” Also, we
confirmed that LCNEC shows almost the same prognosis as SCLC.

These two histologies also shared similar clinicopathologic back-
grounds, such as smoking history and sex.

In high-grade NE tumors, the existence of borderline cases be-
tween LCNEC and SCLC has been noted. In the process of central
pathologic review of the present study, there were 14 borderline cases
between LCNEC and SCLC, which required another session of panel
meetings to reach the consensus regarding the histology as either
LCNEC or SCLC. There might be three factors that are closely related
to the difficulties in the diagnosis; these are technical issues in the
preparation of specimens, diagnostic reproducibility issues, and diag-
nostic criteria issues. There are several technical issues that make the
diagnosis difficult. One is the poor histology as a result of poor fixa-
tion, extensive tumor necrosis, and sections that are cut too thick or
poorly staining, although the preparation of the slides was com-
pletely centralized in the present study to minimize these issues.
The histologic heterogeneity with the different cellular sizes and
different proportions also affects the diagnosis.'® The fact that the
cell size in SCLC tends to be larger in the large, well-fixed speci-
mens should be well recognized.'”

It has been well known for SCLC that expert lung cancer pathol-
ogists disagree about the diagnosis in approximately 5% to 6% of the

Survival Rate
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Fig 1. Overall survival curves in neuroendocrine tumors of all stages (N = 318)
according to the following histologic types: TC, typical carcinoid (n = 55); AC,
atypical carcinoid (n = 9); LCNEC, large-cell neuroendocrine carcinoma (n = 141);
and SCLC, small-cell lung carcinoma (n = 113). The histologic type significantly
affected the survival (P < .0001, log-rank test).

14

Fig 2. Overall survival curves in stage | neuroendocrine tumors (n = 175)
according to the following histologic types: TC, typical carcinoid (n = 50); AC,
atypical carcinoid (n = 4); LCNEC, large-cell neuroendocrine carcinoma (n = 63);
and SCLC, small-cell lung carcinoma (n = 58). The histologic type significantly
affected the survival (P < .0001, log-rank test).
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cases.'® In the present study, there was difficulty in the diagnosis of 14
tumors, which composed 5.5% of the 254 high-grade NE tumors; this
percentage is quite similar to those previously reported. As part of the
diagnostic criteria, the cellular and nuclear size is an important part in
the differentiation between LCNEC and SCLC. According to the mor-
phometric analysis by Marchevsky et al,'® a considerable overlap of
nuclear size was shown between LCNEC and SCLC, and the authors
addressed that these two histologies should be merged as a single
group of high-grade NE carcinoma. However, it is not clear how they
could reach the definitive diagnosis as LCNEC or SCLC despite the
overlapping cellular and nuclear size. These data, as well as our own,
demonstrate that the cell size alone is insufficient as a criterion for
establishing the diagnosis of high-grade NE tumors, and a constella-
tion of criteria needs to be used. We still need more pathobiologic
characteristics (and perhaps, they are more likely to be molecular
rather than morphologic) to make the differentiation between SCLC
and LCNEC clearer.

The limitations of this study must also be addressed. In this study,
only surgical cases were collected to ensure that a thorough investiga-

tion of histopathologic features would be possible, and advanced,
unresectable tumors were excluded. As is well known, most patients
with SCLC are not candidates for resection because of local/systemic
spread of the tumor. It is speculated that typical SCLC arises in the
hilum and metastasizes to remote organs at a relatively early stage
of the disease. In this sense, the resected SCLC in the present series
may not represent typical SCLC, which might have a more aggres-
sive nature. Although it will still be difficult to obtain enough
specimens or to perform an immunohistochemical study using
only biopsy samples in nonsurgical patients, future studies should
include advanced diseases.

In conclusion, the present, large-scale, multi-institutional study
defined the prognostic spectrum of pulmonary NE tumors as TC, AC,
LCNEC, and SCLC, where LCNEC and SCLC were similarly aggres-
sive. Future studies should clarify the histology-specific sensitivity to
treatment, especially with regard to chemoradiotherapy. If similar
responses are found, the histologic distinction at least has little signif-
icance in the planning of treatment strategy.
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