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Abstract
INSM1 is a diagnostic marker for neuroendocrine tumors originating in multiple anatomic sites. In the lung, INSM1 shows
76–97% sensitivity for neuroendocrine tumors overall. Our aim was to characterize INSM1 as a diagnostic marker for small
cell carcinoma in the context of its epithelial, lymphoid, and mesenchymal morphologic mimics. Immunohistochemistry was
performed on 231 tumors, including lung neuroendocrine tumors, nonneuroendocrine carcinomas of the thoracic cavity,
diffuse large B-cell lymphomas, and small round cell sarcomas, using an anti-INSM1 mouse monoclonal antibody. Extent
(0–100%) and intensity (1–3+) of nuclear INSM1 staining was multiplied in each case to calculate an H-score. Demographic
and clinical information was obtained from the medical record. INSM1 had an overall sensitivity and specificity of 81.5%
and 82.7% for small cell carcinoma, respectively, using a threshold established with a receiver operating characteristic curve.
40/48 (82.7%) small cell carcinomas were positive for INSM1, including 19/24 (79%) small cell carcinomas that were
negative for chromogranin and synaptophysin. 5/5 carcinoids and 21/28 (75%) large cell neuroendocrine carcinomas showed
INSM1 expression. Among nonneuroendocrine tumors, 7/38 (18%) lung adenocarcinomas, 2/17 (12%) lung squamous cell
carcinomas, 4/10 (40%) thymic carcinomas, 4/12 (33%) adenoid cystic carcinomas, 1/19 (5%) diffuse large B-cell
lymphomas, 4/11 (36%) alveolar rhabdomyosarcomas, and 4/23 (17%) Ewing sarcomas were positive for INSM1. No
synovial sarcomas or desmoplastic small round cell tumors were positive. Weak, focal INSM1 expression alone is
insufficient as a diagnostic marker for small cell carcinoma, but is sensitive and specific, easy to interpret in small biopsies,
and makes a valuable addition to a diagnostic panel.

Introduction

Neuroendocrine tumors of the lung are classified as carci-
noid tumor, large cell neuroendocrine carcinoma, or small
cell carcinoma based on histology, mitotic index, and
expression of neuroendocrine markers [1]. Traditional
immunohistochemical markers of neuroendocrine differ-
entiation include chromogranin, synaptophysin, and CD56,
all of which have varying diagnostic sensitivity and speci-
ficity for pulmonary neuroendocrine tumors. Small cell

carcinoma accounts for ~15% of lung tumors [2, 3], and
requires a significantly different clinical and chemother-
apeutic management approach compared with other neu-
roendocrine and nonneuroendocrine tumors of the lung [4].
Although positive in nearly all carcinoid tumors [1], tradi-
tional markers of neuroendocrine differentiation can be
negative in 15–40% of small cell carcinoma, depending on
the marker and specimen size [3, 5, 6], and 15% of small
cell carcinomas can be negative for multiple neuroendocrine
markers [3]. TTF-1, which is typically positive in pul-
monary adenocarcinomas and neuroendocrine tumors, may
also be negative in 15–23% of small cell lung carcinomas
[1, 7].

INSM1 is a zinc finger transcription factor and marker of
neuroendocrine differentiation initially isolated from normal
human pancreatic tissue and mouse insulinoma cell lines
[8]. Nuclear expression of INSM1 protein has been
observed in neuroendocrine tumors from multiple organ
systems, including the pancreas, head and neck sites,
gynecologic tract, and prostate, with a high degree of
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diagnostic sensitivity and specificity [9–12]. Among pri-
mary pulmonary tumors, INSM1 also shows promise as a
diagnostic marker for neuroendocrine tumors, with a sen-
sitivity of 92–97% and specificity of 96–100% [13–18].
This has prompted some groups to propose INSM1 as a
stand-alone diagnostic marker for neuroendocrine differ-
entiation [14]; other groups, however, have demonstrated
INSM1 expression in some nonneuroendocrine tumors,
suggesting a more cautious approach to diagnostic appli-
cation [18].

INSM1 positivity has been reported in a small number of
small cell lung carcinomas negative for other neuroendo-
crine markers [14], and shows high sensitivity for small cell
carcinoma in cytology specimens [16, 17, 19]. Our aim was
to evaluate INSM1 as a diagnostic marker for pulmonary
small cell carcinoma, including tumors negative for other
neuroendocrine markers, in the context of its histologic
mimics.

Methods

Patient and sample selection

This study was conducted with approval by the Brigham
and Women’s Hospital Institutional Review Board. Small
cell carcinomas positive for at least one traditional neu-
roendocrine marker diagnosed between 2005 and 2015 with
available formalin fixed paraffin-embedded material were
included. All cases of pulmonary small cell carcinoma that
were negative for chromogranin and synaptophysin diag-
nosed during this time period were also included in the
study group to determine the utility of INSM1 in cases
negative for other markers of neuroendocrine differentia-
tion. Mimics of small cell carcinoma reviewed at Brigham
and Women’s Hospital during the same time period were
also obtained from the Department of Pathology archives, to
include: typical and atypical carcinoid tumors, large cell
neuroendocrine carcinoma, poorly differentiated lung ade-
nocarcinoma, basaloid squamous cell carcinoma, thymic
carcinoma, adenoid cystic carcinoma, diffuse large B-cell
lymphoma, NUT carcinoma, Ewing sarcoma, alveolar
rhabdomyosarcoma, desmoplastic small round cell tumor,
and poorly differentiated synovial sarcoma. Lung adeno-
carcinomas included were restricted to poorly differentiated
cases with a solid component comprising greater than or
equal to 50% of the tumor to focus on cases that demon-
strate morphologic overlap with small cell carcinoma. 14/23
Ewing sarcomas had confirmation of EWSR1 rearrange-
ment via FISH or RT-PCR. 3/11 alveolar rhabdomyo-
sarcomas had evidence of FOXO1 rearrangement
by FISH. The remaining cases of Ewing sarcoma
and alveolar rhabdomyosarcoma were diagnosed using

immunohistochemistry for CD99, FLI1, NKX2-2 or desmin
and myogenin, respectively, by experts in soft tissue
pathology. Combined primary pulmonary tumors were not
included. Cases that had undergone neoadjuvant treatment
were excluded to avoid treatment-related changes in mor-
phology and antigenicity. Demographic and clinical infor-
mation was obtained from the electronic medical record.

Immunohistochemistry

Formalin fixed paraffin-embedded tissue was sectioned at
5 μm, deparaffinized, and subjected to antigen retrieval using
pressure cooker pretreatment in citrate buffer (pH 6.1; Target
Retrieval Solution, DAKO, Carpinteria, CA). Immunohis-
tochemistry for INSM1 was performed on all study cases
using a mouse monoclonal antibody (Santa Cruz Bio-
technology, Dallas, TX; clone A-8). Intensity of
INSM1 staining was evaluated in each case as absent (0),
weak (1+), moderate (2+), or strong (3+), and extent eval-
uated as a percentage of all tumor cells. Appropriate positive
and negative controls were reviewed throughout the study.

All small cell carcinoma cases were stained for chromo-
granin (Thermo Fisher Scientific, Waltham, MA; clone
LK2H10) and synaptophysin (Leica Biosystems, Buffalo
Grove, IL; clone 27G12) as part of routine diagnostic workup.
To compare INSM1 staining to traditional neuroendocrine
markers, all study cases that were positive for INSM1 were
also stained for chromogranin and synaptophysin if paraffin-
embedded material was available. Cases of small cell carci-
noma that demonstrated absent staining for chromogranin,
synaptophysin, TTF-1, and INSM1 were stained with CD56
(Cell Marque, Rocklin, CA; clone 123C3.D5), p40 (Biocare
Medical, Concord, CA; clone BC28), CD45 (DAKO, Car-
pinteria CA; clones PD7/26 and 2B11), and NUT (Cell Sig-
naling Technology, Danvers, MA; clone C5B1) to exclude
morphologic mimics of small cell carcinoma if not previously
performed as part of the diagnostic workup, and RB1 (BD
Biosciences, San Jose, CA; clone G3-245) to support a
diagnosis of small cell carcinoma, if sufficient paraffin-
embedded material was available.

Statistical analysis

Descriptive statistics were performed using Prism software
(Graphpad Prism, version 5.02, GraphPad Software, San
Diego, CA). Categorical data were analyzed via Chi Square
analysis or the Fisher exact test as appropriate. Continuous
variables were analyzed between study groups using the
Kruskal–Wallis test with Dunn’s post-hoc analysis. Inten-
sity and extent of INSM1 staining were multiplied to cal-
culate an H-score for all cases, which was then used to
generate a receiver operating characteristic curve using the
R programming language (R Foundation for Statistical
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Computing, Vienna, Austria) to determine an optimal
diagnostic threshold to differentiate small cell carcinoma
from morphologic mimics.

Results

Demographic and specimen characteristics are described in
Table 1. In total, 231 cases were included in the study,
including 24 small cell carcinomas (obtained from 23
patients) that were negative for chromogranin and synap-
tophysin, 24 small cell carcinomas positive for at least one
conventional neuroendocrine marker, and 183 non-small
cell mimics of small cell carcinoma. Age was significantly
different between these three groups (p= 0.0002), accoun-
ted for by older age at presentation of marker-negative small
cell carcinomas. Small cell carcinomas were more likely to
be sampled by biopsy than resection (p < 0.0001). No dif-
ferences in sex distribution or site of tumor sampling were
present between groups (p > 0.5 for all).

The distribution of H-scores among patients with each
tumor type is summarized in Fig. 1a. A receiver operating
characteristic curve (Fig. 1b) yielded an optimal diagnostic
cutoff H-score of 50 (Fig. 1c, d) to distinguish between
small cell carcinoma and morphologic mimics, with a sen-
sitivity of 81.5% and specificity of 82.7%. INSM1 expres-
sion in small cell lung carcinoma and morphologic mimics
is summarized in Table 2. Overall, 40 of 48 (83%) small
cell carcinomas were positive for INSM1 at our established
diagnostic threshold, most commonly with a diffuse and
strong staining pattern (Fig. 2). Of 24 small cell carcinomas
negative for chromogranin and synaptophysin, 13 of which
were also negative for TTF-1, 19 (79%) were positive for
INSM1 (Fig. 2a, b). Five chromogranin- and
synaptophysin-negative small cell carcinomas were also
INSM1 negative. Among these, three of four cases subse-
quently stained for CD56 were positive, one of five cases
was TTF-1 positive, four of five showed RB1 loss, and one
demonstrated positivity only for keratins, with retained RB1

expression, but presented morphologic, radiologic, and
clinical findings consistent with small cell carcinoma and
was lost to clinical follow-up. All five carcinoids and 75%
of large cell neuroendocrine carcinomas were positive for
INSM1. Among other thoracic carcinomas, 18% of adeno-
carcinomas with 50% or more solid component (Fig. 3a, b),
12% of basaloid squamous cell carcinomas (Fig. 3c, d),
40% of thymic carcinomas (Fig. 3e, f), and 33% of adenoid
cystic carcinomas (Fig. 3g, h) were positive for INSM1.
One of 19 diffuse large B-cell lymphomas demonstrated
strong, diffuse staining (Fig. 4); this tumor expressed LCA,
PAX5, CD20, CD30, MUM1, Bcl-2, Bcl-6, and MYC, and
was negative for keratins, chromogranin, and synaptophy-
sin. Of the sarcomas, 17% of Ewing sarcomas (Fig. 5) and
36% of alveolar rhabdomyosarcomas (Fig. 6), one of which
presented as a mediastinal mass without extrathoracic dis-
ease, also demonstrated INSM1 positivity. No cases of
NUT carcinoma, synovial sarcoma, or desmoplastic small
round cell tumor showed INSM1 staining.

The results of immunohistochemical staining for chromo-
granin and synaptophysin with respect to INSM1 in neu-
roendocrine and nonneuroendocrine tumors are summarized
in Supplementary Fig. 1. All five carcinoid tumors were
positive for all three markers. Twenty-six of 28 large cell
neuroendocrine carcinomas, including two that were INSM1
negative, stained for either chromogranin, synaptophysin, or
both. Two large cell neuroendocrine carcinomas were nega-
tive for chromogranin, synaptophysin, and INSM1, but were
focally positive for CD56. Among 23 INSM1-positive non-
neuroendocrine tumors, 11 demonstrated at least focal stain-
ing with either chromogranin, synaptophysin, or both: 3/4
Ewing sarcomas, 2/4 thymic carcinomas, 4/5 lung adeno-
carcinomas, and 2/3 alveolar rhabdomyosarcomas.

Discussion

Immunohistochemistry for markers of neuroendocrine dif-
ferentiation is often incorporated into the diagnostic workup

Table 1 Demographic and
specimen characteristics of study
patients.

Tumor type Sex Median age (Q1–Q3) Specimen type Specimen site

M F Biopsy Resection Thoracic Extrathoracic

Small cell carcinoma*a 6 17 73 (65–76) 22 2 21 3

Small cell carcinoma 12 12 67 (60–73) 21 3 23 1

Non-small cell tumors 80 102 59 (39–72) 49 134 146 35

Other neuroendocrine 12 21 69 (59–73) 7 26 33 0

Carcinoma 41 41 66 (58–64) 10 72 79 3

Lymphoma 7 12 48 (32–68) 11 8 19 0

Sarcomab 20 28 32 (25–44) 21 28 15 32

aSmall cell carcinoma*= small cell carcinoma negative for chromogranin and synaptophysin.
bInformation regarding sex was unavailable for one sarcoma, and tumor site unavailable for two sarcomas.
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for pulmonary neuroendocrine tumors, and increases diag-
nostic accuracy and interobserver agreement [20]. Timely
and accurate diagnosis is essential for optimal management
of patients with small cell lung carcinoma, who primarily
present with advanced disease and require a specific chemo-
and radiotherapeutic approach [4, 21]. The diagnosis of
small cell lung carcinoma is frequently made on small
biopsy samples, and presents unique challenges including
crush artifact and limited evaluation of morphology and
mitotic index. Ancillary diagnostic workup to support
neuroendocrine differentiation and exclude other tumors is
therefore crucial. Chromogranin A, synaptophysin, and
CD56 (NCAM) are currently recommended as first-line
neuroendocrine markers based on favorable performance
characteristics [1]. The sensitivity of each marker for pul-
monary neuroendocrine tumors ranges from 58 to 98%,
depending on tumor type and specimen size [22–24];

however, chromogranin A, synaptophysin, and CD56, can
be seen in up to 5.5%, 17%, and 28% of non-small cell lung
carcinomas, respectively [25, 26], including poorly differ-
entiated tumors that can resemble small cell carcinoma.
Neuroendocrine markers may also be positive in other
potential morphologic mimics of small cell carcinoma
including thymic carcinoma [27], alveolar rhabdomyo-
sarcoma [28, 29], Ewing sarcoma [30], synovial sarcoma
[28], desmoplastic small round cell tumor [31], and rarely in
diffuse large B-cell lymphoma (CD56) [32].

Several studies have demonstrated INSM1 to be a pro-
mising marker of neuroendocrine differentiation [14–
17, 33, 34]. INSM1 is a transcriptional repressor with zinc
finger DNA-binding motifs that is transiently expressed in
the endocrine tissues and nervous system during embryonal
organogenesis and reduced or absent in normal adult tissues
[35, 36]. In neuroendocrine tumors, INSM1 protein

Fig 1 INSM1 staining in thoracic malignancies and small round
cell tumors. a Distribution of H-score in small cell carcinoma and
morphologic mimics. SCLC* small cell lung carcinoma negative for
chromogranin and synaptophysin, SCLC small cell carcinoma positive
for chromogranin, synaptophysin, or both, LCNEC large cell neu-
roendocrine carcinoma, Pr. Solid ACA predominantly solid ACA,
SqCC squamous cell carcinoma, Thymic Carc thymic carcinoma,
EWS Ewing sarcoma, ARMS alveolar rhabdomyosarcoma, DSRCT

desmoplastic small round cell tumor, PDSYS poorly differentiated
synovial sarcoma, DLBCL diffuse large B-cell lymphoma. b A
receiver operating characteristic curve yields a diagnostic H-score
cutoff of 50 as optimal for the distinction between small cell carcinoma
and morphologic mimics. Examples of study cases with an H-score of
50, taken at ×400 magnification, including (c) a case with 10% 3+ and
10% 2+ staining and (d) a case with diffuse, 1+ staining in ~50% of
tumor cells.
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expression is upregulated by sonic hedgehog signaling (shh)
via the MEK/ERK pathway and activation of MYCN,
which is frequently also amplified in high grade neu-
roendocrine tumors [37]. INSM1 in turn stabilizes MYCN,
resulting in continuous shh-MEK/ERK-MYC signaling and
cell proliferation [37]. INSM1 also appears to directly
regulate expression of the traditional neuroendocrine mar-
kers chromogranin, synaptophysin, and CD56, and may
play a direct role in neuroendocrine differentiation [13].

Sensitivity of INSM1 for all four types of pulmonary
neuroendocrine tumors ranges from 76 to 97%, and speci-
ficity from 97 to 100% [14–17, 34, 38]. Nearly all small cell
carcinomas demonstrate INSM1 positivity [14, 17]; in a
study of 267 thoracic tumors, Rooper et al. furthermore
demonstrated that eight small cell carcinomas negative for
all three traditional markers were INSM1 positive [14]. To
date, however, no studies have specifically evaluated
expression in morphologic mimics of small cell lung cancer.
Our study supports a diagnostic H-score threshold of 50 for
the diagnosis of small cell lung carcinoma and demonstrates
good sensitivity (81.5%) and specificity (82.7%) within this
context. Although we found a lower sensitivity for small
cell carcinoma than seen in most studies [14–17, 19], this is
likely due to the fact that approximately half of the included
small cell carcinomas were negative for chromogranin and
synaptophysin, half of which in turn were also negative for
TTF-1. Small cell carcinomas negative for TTF-1 are less
likely to stain for traditional neuroendocrine markers [7],

Fig 2 INSM1 in small cell
carcinoma. a Small cell
carcinoma negative for
chromogranin and
synaptophysin (H&E, ×400),
demonstrating (b) strong, diffuse
INSM1 expression (×400).
c Small cell carcinoma positive
for chromogranin and
synaptophysin (H&E, ×400),
demonstrating (d) strong, diffuse
INSM1 expression (×400).

Table 2 INSM1 expression in study cases.

Tumor type Total cases INSM1
positive (%)

Small cell carcinoma

SCLC* 24 19 (79)

SCLC 24 21 (88)

Other neuroendocrine tumors

Carcinoid 5 5 (100)

LCNEC 28 21 (75)

Nonneuroendocrine thoracic carcinomas

Lung adenocarcinoma,
predominantly solid

38 7 (18)

Squamous cell carcinoma,
basaloid

17 2 (12)

Thymic carcinoma 10 4 (40)

Adenoid cystic carcinoma 12 4 (33)

NUT carcinoma 5 0 (0)

Lymphoma 19 1 (5)

Sarcomas

Alveolar rhabdomyosarcoma 11 4 (36)

Ewing sarcoma 23 4 (17)

Synovial sarcoma 8 0 (0)

Desmoplastic small round
cell tumor

7 0 (0)

SCLC* small cell carcinoma negative for chromogranin and
synaptophysin, SCLC small cell carcinoma positive for chromogranin,
synaptophysin, or both, LCNE large cell neuroendocrine carcinoma.
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and may inherently have a reduced neuroendocrine phe-
notype. Indeed, five of the six INSM1-negative small cell
carcinomas were negative for chromogranin and synapto-
physin, and three of those were also TTF-1 negative. Our
findings therefore likely underestimate the sensitivity of
INSM1 in small cell carcinoma in general; however, we

included an expanded subset of marker-negative small cell
carcinomas, as they may present a particular diagnostic
challenge, especially in small biopsies with altered or
obscured morphology. The majority of the 24 small cell
carcinomas in our study that were negative for chromo-
granin and synaptophysin were nevertheless positive for

Fig 3 INSM1 in thoracic
carcinomas. Poorly
differentiated or basaloid tumors
arising in the thoracic cavity
may show morphologic
similarity to small cell
carcinoma and express
neuroendocrine markers.
a Adenocarcinoma with a solid
component (inset: glandular
architecture), demonstrating (b)
strong INSM1 expression.
c Basaloid squamous cell
carcinoma with (d) weak to
moderate, diffuse INSM1
expression. e Thymic
carcinoma, undifferentiated
type, with (f) strong INSM1
expression. g Adenoid cystic
carcinoma demonstrating (h)
weak diffuse INSM1 expression.
All images taken at ×400
magnification.
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INSM1. Five small cell carcinomas negative for chromo-
granin and synaptophysin, however, were also negative for
INSM1. Four of these cases were stained for CD56, and
three showed membranous positivity.

Among morphologic mimics of small cell carcinoma, a
subset of poorly differentiated lung adenocarcinomas,
basaloid squamous cell carcinomas, thymic carcinomas,
adenoid cystic carcinomas, alveolar rhabdomyosarcomas,

Fig 4 INSM1 in lymphoma.
a One of 19 cases of diffuse
large B-cell lymphoma (H&E),
demonstrating (b) absence of
keratin and c) nuclear PAX5
expression, also showed (d)
strong, diffuse nuclear INSM1
reactivity. Images taken at ×400
magnification.

Fig 5 INSM1 in Ewing
sarcoma. Ewing sarcoma,
presenting as an isolated
right middle lobe nodule.
a Hematoxylin and eosin stain
demonstrates a proliferation
of small round cells that are
positive for b CD99 and
negative for c WT-1. D INSM1
demonstrated multifocal,
moderate to strong nuclear
reactivity. Images taken at ×400
magnification.
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and Ewing sarcomas demonstrated significant INSM1
positivity. Most of the INSM1-positive Ewing sarcomas,
thymic carcinomas, and alveolar rhabdomyosarcomas that
were also stained for chromogranin and synaptophysin were
positive for at least one traditional neuroendocrine marker.
The proportion of INSM1-positive adenocarcinomas and
squamous cell carcinomas is higher than noted in previous
studies [14–16, 18]. Four of five INSM1-positive adeno-
carcinomas that were also stained for traditional neu-
roendocrine markers also showed either chromogranin or
synaptophysin positivity, or positivity for both. These
findings are likely due to our inclusion only of poorly dif-
ferentiated adenocarcinomas and basaloid squamous cell
carcinomas, as studies of poorly differentiated lung tumors
have shown a higher rate of positivity for neuroendocrine
markers [39]. While INSM1 positivity in the non-small cell
tumors included in our study may therefore indicate some
amount of true, morphologically inapparent neuroendocrine
differentiation, our findings nonetheless emphasize the
importance of caution in interpreting INSM1 in poorly
differentiated tumors that may mimic small cell carcinoma.

Finally, our results also suggest that rare diffuse large B-
cell lymphomas may demonstrate aberrant INSM1 expres-
sion. The underlying pathogenesis of aberrant INSM1
expression has not been well characterized and likely arises
in heterogeneous ways; one case report of chronic lym-
phocytic leukemia demonstrated the possibility of a chro-
mosomal translocation bringing ASCL1, a master regulator

of neurogenesis, into the proximity of an enhancer, thereby
leading to upregulation of its target INSM1 [40].

Although CD56 has not routinely been performed at
our institution for evaluation of neuroendocrine tumors,
and sufficient material was not available to perform the
stain on all study cases, the fact that three of four INSM1-
negative small cell carcinomas in our study group were
CD56 positive supports the use of multiple neuroendo-
crine markers as part of a complete diagnostic panel.
Similarly, although calculating an H-score has limited
value in day-to-day practice, small amounts of INSM1
reactivity were seen in multiple tumor types in our study,
and INSM1 positivity greater than our minimum diag-
nostic threshold was seen in common and rare thoracic
tumors that show morphologic overlap with small cell
carcinoma. Focal and weak INSM1 positivity alone is
therefore insufficient for definitive diagnosis of small cell
carcinoma. Our study shows, however, that it is still a
sensitive and specific marker even in the context of a
challenging differential diagnosis, and as nuclear stain, it
is especially suited to interpretation in small biopsies.
INSM1 is thus a valuable addition to a diagnostic panel
for small cell lung carcinoma, when necessary, as long as
it is interpreted cautiously within the context of morpho-
logic, radiologic, and clinical findings.
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