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Summary
Purpose Neuroendocrine tumors and neuroendocrine
carcinomas in the lung are distinct and separate en-
tities featuring neuroendocrine differentiation, for
which an accurate classification is clinically war-
ranted.
Materials and methods Three perspectives were ad-
dressed: (i) diagnostic tools, with the terminology to
be used in either resection specimen or small-sized
material; (ii) the so-called carcinoid tumors with ele-
vated proliferation rates (mitotic and/or Ki-67 activ-
ity); (iii) predictive biomarkers based on immunohis-
tochemical characterization.
Results We herein provide a pathology update on lung
neuroendocrine neoplasm classification that will ap-
pear in the forthcoming 5th edition of the WHO Blue
Book, including a short discussion about biomarkers,
which are presently given full consideration in clinical
practice.
Conclusion The WHO classification on lung neuroen-
docrine neoplasms is the cornerstone to provide the
best clinical management of patients and is the start-
ing point for any investigative insight.
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Introduction

Lung neuroendocrine neoplasms (NENs) are presently
classified as neuroendocrine tumors (NETs), which
include low-grade typical carcinoid (TC) and inter-
mediate-grade atypical carcinoid (AC), and neuroen-
docrine carcinomas (NECs), which include small cell
(lung) carcinoma (SCLC) and large cell neuroen-
docrine carcinoma (LCNEC) ([1]; Fig. 1). A common
classification framework was developed by a con-
sensus meeting of experts who met in Lyon (France)
in 2017 under the aegis of the WHO and the In-
ternational Agency for Research on Cancer (IARC),
taking also the cue from the European Neuroen-
docrine Tumor Society (ENETS) terminology used in
gastroenteropancreatic NENs [2]. This scheme will be
also extended to the forthcoming new 5th edition of
the World Health Organization (WHO) classification
on lung NENs. Accordingly, TC and AC are said to
correspond to G1 and G2 well-differentiated NETs,
while SCLC and LCNEC are poorly differentiated full-
fledged NECs tautologically merging within G3 tu-
mors [3].

Diagnostic criteria of lung NENs comprise mitotic
count on 2mm2, necrosis evaluation and a constel-
lation of cytohistological and immunohistochemistry
traits, which have been maintained over the last three
WHO classifications [1, 4, 5] and will be extended to
the forthcoming new 5th edition of the WHO Blue
Book (Fig. 2). Carcinoids, whether TC or AC, may
show diverse architectural patterns and/or cellular
variants which are clinically irrelevant. The associ-
ation of carcinoids with non-small cell carcinoma
(NSCC), such as adenocarcinoma or squamous cell
carcinoma, is anecdotal [1, 6]. Rare tumors presenting
with a component of low-grade NET and high-grade
NEC are molecularly akin to the so-called carcinoid-
like LCNEC [7], are currently classified as LCNEC [1]
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Fig. 1 Classification of lung neuroendocrine neoplasms
(NENs). They include well-differentiated neuroendocrine tu-
mors (NETs) and poorly differentiated neuroendocrine carci-
nomas (NECs). NETs in turn comprise low-grade G1 typical
carcinoid (TC) and intermediate-grade G2 atypical carcinoid
(AC), whereas NECs are tautologically G3 neoplasms with ei-
ther small (SCLC) or large (LCNEC) cells. G1 corresponds to
well differentiated, G2 corresponds to intermediately differen-
tited, G3 corresponds to poorly differentiated

and closely merge within carcinoids with elevated
proliferation rates [8]. The clinical behavior of car-
cinoids remains basically dictated by mitoses and
necrosis, according to which TC are low malignant
tumors (G1) with an excellent long-term prognosis
and AC intermediate malignant tumors (G2) with an
increased rate of distant metastases and less favorable
prognosis [9]. Conversely, one fourth to one third of
SCLC and LCNEC exhibit additional components of
NSCC, which embody the so-called combined vari-

Fig. 2 Histologic picture
of typical carcinoid with no
mitotic activity (a), atypi-
cal carcinoid with at least
two mitoses in the field
(dotted circles) (b) and
large cell neuroendocrine
carcinoma with many mi-
toses and prominent nu-
cleoli (c). Small cell car-
cinoma is hallmarked by
small-sized cells with plen-
tiful mitoses (not discernible
at this magnification) in a fi-
brotic stroma (d)

ants sharing the same poor prognosis as the pure
forms with the highest likelihood of lymph node and
visceral metastases [1]. The term mixed neuroen-
docrine–nonneuroendocrine neoplasms (MINENs),
which is used in the gastroenteropancreatic tract
[10–12], is not recommended in the lung to indicate
combined variants according to the new 5th edition
of the WHO classification.

Herein, we shortly review recent advances in the
classification of lung NENs by focusing on challenging
diagnostic issues and predictive immunohistochemi-
cal biomarkers.

Diagnostic tools

The diagnosis of lung NENs is prerequisite for any
adequate clinical decision-making process, but some-
times is demanding in small-sized diagnostic material.
The entire spectrum of tumors can be envisaged in re-
section specimens only, where mitotic count, necrosis
and cytohistological details are reproducibly assessed
although there is some interobserver variability due to
the subjective application of defining criteria. In this
regard, refining methods of counting mitoses as out-
lined in the forthcoming 5th edition of the WHO Blue
Book may improve the ultimate diagnoses, especially
when dealing with NETs. The proliferation marker Ki-
67 expressed as labeling index in hot spot tumor areas
does not have a direct diagnostic inference to split the
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diverse categories of lung NENs [13]. In fact, Ki-67 is
inconsistently associated with histologic classification
due to its nonlinear correlation with mitotic activity
and necrosis, and limited interobserver reproducibil-
ity, which results in some overlap between various
adjacent diagnostic categories (TC vs. AC; AC vs.
LCNEC/SCLC; LCNEC vs. SCLC) [13]. Conversely, this
marker is particularly helpful to avoid overdiagnosing
TC or AC as SCLC or LCNEC in small-sized diagnos-
tic material, especially with crush artifacts, thereby
excluding major pitfalls in the management of pa-
tients (NETs are treated differently than NECs) [14].
Although combining Ki-67 with mitotic count and
necrosis has been proposed as a more effective prog-
nosticator than standalone morphology especially at
the level of an individual patient’s cancer [15], grading
of lung NENs is still based on the histological classi-
fication [1] and even the new WHO classification will
affirm this premise. Proposed rates of Ki-67 ranged
from 2.3–4.15% in TC (mean 2.60%), 9–17.8% in AC
(mean 11.04%), 47.5–70.0% in LCNEC (mean 47.57%),
and 64.5–77.5% in SCLC (mean 64.36%), in substantial
agreement with the expected proliferation activity of
these tumors [13]. The upper limits of 5% and 30% for
Ki-67 have been conceived to differentiate TC from
AC and AC from NECs, respectively, with a better
performance over mitotic count and/or necrosis in
small-sized diagnostic material [16].

A more simplified terminology should be applied
to cytology/biopsy samples. TC and AC are clustered
together as carcinoids and LCNEC is only suggested
as a possible option of diagnosis in the presence of
NE morphology. The implementation of immunohis-
tochemistry for NE markers, however, could increase
recognition of LCNEC if consistent positive staining is
found in at least two out of three NE markers even
while lacking the obvious NE appearance [17]. Con-
versely, SCLC is the most readily diagnosed tumor on
this material type, inasmuch as largely based on cy-
tological details rather than neuroendocrine biomark-
ers, which are missing in about 10% of instances [18].
The use of immunohistochemistry may, however, im-
prove the diagnosis of SCLC and its differential diag-
nosis in clinical practice, especially in the presence of
crush artifacts [19].

In metastatic sites sampled by core biopsy or cytol-
ogy, it is recommended to not force a diagnosis of TC
or AC whenever morphology of carcinoid is retained,
but simply rendering the diagnosis of “metastatic car-
cinoid tumor” and detailing mitotic count, necrosis
amount and Ki-67 labeling index. The latter is par-
ticularly useful to give an immediate evaluation of
tumor cell proliferation because the identification of
mitoses may be demanding in certain types of mate-
rial. In fact, Ki-67 evaluation has proven to be more
reliable than mitoses and necrosis in paired biopsy
samples and surgical specimens [16] or in biopsies of
metastatic lung carcinoids for the clinical decision-
making process [20].

Table 1 Comparative classification of gastrointestinal/
pancreatic and pulmonary neuroendocrine neoplasms
(NENs)
Grading Neuroendocrine

differentiation
Gastrointestinal
tract and pancreas

Lung

Low grade
(G1)

WD NET G1 Typical carcinoid G1

Intermediate
grade (G2)

WD NET G2 Atypical carcinoid G2

WD NET G3 Carcinoid with in-
creased proliferation
rates

NEC, small cell
pure and MINEN

NEC, small cell (SCLC)
pure and combined

High grade
(G3)

PD

NEC, large cell
pure and MINEN

NEC, large cell (LCNEC)
pure and combined

WD well differentiated, PD poorly differentiated, NEC neuroendocrine car-
cinoma, MINEN mixed neuroendocrine–nonneuroendocrine neoplasm,
SCLC small cell lung carcinoma, LCNEC large cell neuroendocrine carcinoma

Carcinoid tumors with elevated proliferation

There are uncommon lung NENs featuring LCNEC
or, rarely, SCLC that exhibit carcinoid architecture
(i.e., morphology of well-differentiated NETs) but in-
creased mitotic count exceeding the allowed limit of
10 mitoses per 2mm2 and/or more extensive necrosis
(rather than being typically punctate in AC) [7, 8].
These carcinoids with elevated proliferation exhibit a
Ki-67 labeling index greater than 30%, which exceeds
by far what one would expect from NETs. In the
resection specimens these instances are rare and are
classified as LCNEC by the current defining criteria
[7], thereby maintaining the same interpretation as in
the 1999 WHO classification [5]. However, carcinoids
of the lung with elevated proliferation have beenmore
frequently documented in metastatic sites, whether
synchronous or metachronous [8], which would cor-
respond to NET G3 of the gastroenteropancreatic tract
[11, 12]. These tumors in the lung will be termed as
carcinoid tumors with elevated mitotic count and/or
Ki-67 proliferation rates in the forthcoming 5th edi-
tion of the WHO Blue Book while further knowledge
and experience in clinical practice is awaited. An in-
teresting hypothesis has been made about how these
carcinoids with an increased mitotic count and Ki-
67 labeling rates might develop: not only sponta-
neous tumorigenesis but also due to therapy-induced
mechanisms of tumor progression [6, 21]. A com-
parative synopsis of NEN classification between the
gastroenteropancreatic tract and the lung is presented
in Table 1.

Predictive biomarkers

As resection specimens and/or biopsy/cytology sam-
ples are increasingly available for lung NENs in clinical
practice, an increasing number of predictive markers
can be identified by means of immunohistochem-
istry. Currently, immunohistochemistry tests should

K Neuroendocrine neoplasms of the lung



short review

not be routinely carried out in lung NENs accord-
ing to current guidelines. However, awareness of
these tests may prove to be useful in specific study
protocols to diversify therapy options in challenging
clinical situations [22, 23]. This holds true for life-
threatening NECs in an attempt to improve progno-
sis and life expectancy. Practical examples include
the achaete-scute family BHLH transcription factor
1 (ASCL1), an indicator of non-variant subtypes of
SCLC, which predicts susceptibility to chemotherapy
[18, 24], or programmed death-ligand 1 (PD-L1) or
CD274, an immune checkpoint negative regulator
suppressing the adaptive arm of immune system, as
a managerial marker for the treatment with specific
immune checkpoint inhibitors of both SCLC [25] or
LCNEC [26]. Lastly, delta-like ligand 3 (DLL3), an
inhibitory notch ligand, is presently being explored
as a potential target for the antibody–drug conjugate
rovalpituzumab tesirine, the bispecific T cell engager
immuno-oncology therapy AMG 757 or the chimeric
antigen receptor T cell therapy AMG 119 in SCLC [27]
or LCNEC [28]. Similar considerations may be ap-
plied to thymidylate synthase (TS) nuclear expression
as a valuable predictor of antifolate drug sensitivity in
NECs of either small or large cells [29, 30]. Most carci-
noids are surgically treated but in a metastatic setting
the assessment of mammalian target of rapamycin
(mTOR) may be used as a predictor of treatment with
specific inhibitors, such as everolimus [31] or so-
matostatin receptor evaluation for planning peptide
receptor radionuclide therapy [32, 33].

Take home messages

� The WHO classification of lung NENs is the corner-
stone for the best clinical management of patients.

� Refining terminology and diagnostic criteria (mitoses,
necrosis, Ki-67) in surgical specimens and small-
sized tissue material has resulted in the introduc-
tion of a new category of carcinoids characterized
by elevated mitotic count and/or Ki-67 proliferation
activity, whose oncological implications still need
further research.

� Several immunohistochemical biomarkers are
presently given thorough consideration in oncol-
ogy practice to improve prognosis and survival of
patients with life-threatening neuroendocrine neo-
plasms.
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