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ABSTRACT

Objectives:  The aim of this study was to devise 
reproducible biopsy criteria for distinguishing pulmonary 
large cell neuroendocrine carcinoma (LCNEC) from non-
small cell lung carcinoma (NSCLC).

Methods:  Tissue microarrays of LCNEC and NSCLC 
were generated from resection specimens and used as 
biopsy surrogates. They were stained for neuroendocrine 
markers, Ki-67, napsin-A, and p40, and independently 
analyzed by standardized morphologic criteria by four 
pathologists. Tumors were scored based on morphology, 
neuroendocrine marker expression, and Ki-67 proliferative 
index.

Results:  The average total score for LCNEC was 
significantly higher than for NSCLC (5.65 vs 0.51, 
P < .0001). Utilizing a cutoff score of 4 or higher 
showed 100% sensitivity and 99% specificity for LCNEC 
diagnosis, with an excellent agreement among four 
pathologists (98%).

Conclusions:  The proposed semiquantitative approach 
based on a combination of specific morphologic and 
immunophenotypic features may be a useful tool for biopsy 
diagnosis of LCNEC.

Large cell neuroendocrine carcinoma (LCNEC) of 
the lung is considered a rare entity, representing approx-
imately 3% of primary lung malignancies.1 Although 
originally considered a subtype of pulmonary large cell 
carcinoma,2 in the 2015 World Health Organization 
(WHO) classification3 LCNEC has been grouped with 
other neuroendocrine tumors, as its clinical and mo-
lecular features are more closely related to small cell 
lung carcinoma (SCLC). Current diagnostic criteria in-
clude: (1) non-small cell cytologic features, (2) high mi-
totic rate of more than 10 mitoses per 2  mm2, and (3) 
neuroendocrine differentiation by morphology and 
immunohistochemistry, with the former characterized by 
organoid nesting, trabecular growth pattern, peripheral 
palisading, and/or rosette-like structures.3 Although ad-
ditional frequently encountered features of LCNEC in-
clude extensive necrosis, prominent nucleoli, and a Ki-67 
labeling index (LI) greater than 40%,3 they are not cur-
rently required for the diagnosis of LCNEC. Molecular 
analysis suggests two major subtypes, one more closely 
related to small cell carcinoma and one more closely re-
lated to adenocarcinoma, but with distinct differences 
from each.4,5

Among neuroendocrine tumors, the distinction be-
tween SCLC and LCNEC is considered the most diffi-
cult.6 However, among an unselected population of lung 
carcinomas diagnosed on biopsy, the distinction is most 
commonly between non-small cell carcinomas vs LCNEC 
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because LCNEC shares cytologic features such as large 
cell size and prominent nucleoli with non-small cell lung 
carcinoma (NSCLC) by definition. In this differential, 
neuroendocrine stains are not generally recommended be-
cause generic NSCLC can express these markers as well. 
More specific features of LCNEC such as palisading and 
organoid appearance are difficult to visualize on small bi-
opsies. Immunohistochemistry for p40 largely resolves the 
problem of distinction with a nonkeratinizing basaloid 
squamous cell carcinoma. However, the problem of dis-
tinction from a solid poorly differentiated adenocarci-
noma and large cell carcinoma remains.

Watanabe et  al7 were able to diagnose LCNEC on 
biopsy specimens, as evidenced by concordance with six 
corresponding resected cases using a combined scoring 
system that included morphology, neuroendocrine stains, 
and Ki-67. However, that study did not provide guidelines 
as to the minimum number of criteria that must be met to 
make the LCNEC diagnosis. Furthermore, to our know-
ledge, this approach has not been validated in a larger 
independent cohort. We report here a more detailed eval-
uation of this approach using a larger cohort, taking ad-
vantage of a tissue microarray as a biopsy surrogate. In 
our hands, this approach is generally accurate and repro-
ducible for diagnosis of LCNEC in small tissue samples.

Materials and Methods

Tissue Microarray Construction

A natural language search of the Yale pathology in-
formation system was performed for all lung resection 
cases from 1983 to 2014 containing “large cell” and “neu-
roendocrine” in the final diagnosis field. All cases were 
re-reviewed by two of the authors (R.J.H. and M.K.B.). 
Twenty-seven cases that were either diagnosed and 
signed out as LCNEC or were morphologically compat-
ible with LCNEC on re-review were identified. For the 
LCNEC tissue microarrays (TMAs), of the 27 selected 
resection cases, six were negative for neuroendocrine 
markers. Two of these neuroendocrine marker-negative 
cases showed diffuse nuclear positivity for p40, consistent 
with squamous cell carcinoma. Another two neuroendo-
crine marker-negative cases were strongly and diffusely 
napsin-A positive, consistent with adenocarcinoma, while 
the remaining two were negative for napsin-A or p40, and 
were morphologically most consistent with large cell car-
cinoma, not otherwise specified (NOS). These six cases 
were reclassified in all further analyses. The existing 
NSCLC TMA included one LCNEC case, which was in-
cluded in our analysis, resulting in a total of 22 confirmed 

LCNECs. This last case, however, could not be used in the 
analysis of intratumor heterogeneity (see below for de-
tails) due to inability to retrieve the corresponding tissue 
block for additional sampling. Thus only 21 cases on the 
LCNEC TMA were used for that part of the study.

Three replicate TMAs were constructed, each of 
which included the 27 initially selected putative LCNECs 
(21 confirmed as LCNEC and six reclassified as other 
types of NSCLC) and four additional definite non-
LCNEC cases (to serve as internal controls and for nor-
malization between the three blocks) comprising one 
adenocarcinoma, one squamous cell carcinoma, one small 
cell carcinoma, and one atypical carcinoid, for a total of 
31 cases. H&E-stained sections from corresponding rep-
resentative paraffin-embedded, formalin-fixed blocks 
containing tumor material were used to define diagnostic 
areas (ie, composed of viable tumor). To determine di-
agnostic reproducibility and to account for intratumor 
heterogeneity, three random representative 1-mm cores 
were obtained from different areas of the tumor for each 
case and then inserted in a grid pattern into three corre-
sponding recipient paraffin blocks using a tissue arrayer 
(Beecher Instruments).

The final LCNEC cohort included eight males and 
14 females, ranging in ages from 53 to 81 years old, with a 
median age at diagnosis of 64.5 years. For this study, the 
patients were deidentified making it exempt from institu-
tional review board oversight. As a result, no additional 
clinical information was able to be collected at the time of 
the study, including treatment or survival data.

A second TMA of primary lung cancer resection 
specimens was analyzed for comparison. This TMA had 
been previously constructed from institutional paraffin 
archives, including 238 cases of NSCLC (adenocarci-
noma, squamous cell carcinoma, adenosquamous car-
cinoma, large cell carcinoma, and NSCLC, NOS), eight 
carcinoid tumors including one atypical carcinoid, one 
small cell carcinoma, and 33 tumors without histologic 
classification.

Immunohistochemistry

Sections (4  μm) were cut from each TMA block, 
mounted onto glass slides, and deparaffinized. Epitope re-
trieval was performed using Leica Bond ER 1 for 40 min-
utes on the stainer. Consecutive sections were incubated 
with napsin-A (Novus, clone TMU-A), p40 (Biocare, clone 
BC28), Ki-67 (Dako, clone MIB-1), chromogranin (Dako, 
clone A), synaptophysin (Leica, clone 27G12), and CD56 
(Dako, clone NCAM) antibodies. Detection was carried 
out using Leica Bond Polymer Refine DAB detection kit 
or Ventana Ultraview DAB detection kit, depending on 
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the antibody. Napsin-A and p40 immunostains were used 
for confirmation of tumor histotype as adenocarcinoma 
or squamous cell carcinoma, respectively. Any strength of 
neuroendocrine marker staining was considered positive, 
which was determined by consensus between two of the 
authors (R.J.H. and M.K.B.).

Ki-67 LI in the tumors was assessed independently 
by two pathologists, and the average was used for primary 
data analysis. Secondary analysis was performed to in-
clude neuroendocrine marker staining and Ki-67 LI in-
terpretation from all four participating pathologists.

Morphologic Assessment and Scoring

Previously described morphologic criteria3 were inde-
pendently assessed on H&E-stained sections of the TMA 
by four pathologists, including three experienced patho-
logists and one trainee (PGY2 resident) using the scoring 
scheme outlined in ❚Table 1❚. Architectural features in-
cluded peripheral palisading, organoid nesting, and 
rosette-like structures, each of which received a score of 1 
if  present, with a maximum score of 3 if  all three features 
were identified. An additional one point was assigned for 
the presence of extensive necrosis. Three points were as-
signed for one or more neuroendocrine marker positivity, 
the presence of which was required for LCNEC diagnosis, 
and a Ki-67 LI 40% or greater earned an additional point.

Nucleolar prominence was considered in the orig-
inal scoring scheme, but it appeared to contribute little 
to differentiating LCNEC from NSCLC. This may not 
be surprising as this is a commonly shared feature with 
NSCLC in general. We therefore excluded nucleolar 
prominence from the final proposed scoring scheme.

Statistical Analysis

JMP version 14.0 software (SAS Institute) was used 
for statistical evaluation of the data. Receiver operating 
characteristic curve analysis was performed to determine 
the cutoff  total score (≥4) for assigning tumors into the 
LCNEC diagnostic category (Table 1). Sensitivity and 
specificity of the total score for LCNEC diagnosis were 
manually calculated. Continuous average total scores 
(among four participating pathologists) for LCNEC and 
NSCLC were compared by one-way analysis of variance. 
The mean (among triplicate TMAs) of the LCNEC av-
erage total scores and standard error of the mean (SEM) 
was used to represent the range of all possible scores for the 
corresponding tumor and to define intratumor heteroge-
neity. Ki-67 LI was dichotomized into low and high, based 
on a 40% cutoff, and its sensitivity and specificity with 
regards to LCNEC diagnosis were manually calculated. 
The significance of the scored morphologic characteris-
tics, and the associations of tumor histotype, neuroen-
docrine markers, and napsin-A immunoreactivities with 
Ki-67 LI were determined using Fisher exact test and χ2 
analysis. Pairwise Cohen κ was used to assess agreement 
on morphology between participating pathologists, and 
the range for all pathologist pairs was reported along with 
the standard deviation.

Results

Immunophenotypic Characterization of the 
LCNEC Cohort

Neuroendocrine marker immunoreactivity was vari-
able among the confirmed LCNECs (Supplemental Table 
1; all supplemental materials can be found at American 
Journal of Clinical Pathology online). Eight cases (36%) 
were positive for all three neuroendocrine markers 
(synaptophysin, chromogranin, and CD56), 10 cases were 
positive for two markers (45%), and four cases were pos-
itive for one marker (18%). In our series, the most sensi-
tive neuroendocrine marker was synaptophysin, similar to 
prior reports.8 This contrasts with small cell carcinoma, 
in which CD56 is the most commonly expressed marker 
(90%-100%).8,9

In our NSCLC TMA, only 2.7% of NSCLCs dis-
played variable staining with neuroendocrine markers 
(Supplemental Table 1). Tumors that were neuroendo-
crine marker positive included two large cell carcinomas, 
two squamous cell carcinomas, and one unspecified 
NSCLC. This is slightly lower than the typical reported 
range of 6% to 20%.10-12 Four of these five cases displayed 
only focal and weak immunoreactivity for neuroendocrine 

❚Table 1❚ 
Alternative Scoring Scheme for Pulmonary LCNEC With 
Nucleoli Excluded and Total Score Threshold Decreased to 4 or 
Higher 

 Features Score

Morphologic
  Palisading 1
  Rosette-like structures 1
  Organoid nesting 1
  Necrosisa 1
Immunophenotypic
  Ki-67 ≥ 40% (high) 1
  Neuroendocrine marker positivityb 3
Total scorec 8

LCNEC, large cell neuroendocrine carcinoma.
aExtensive central or geographic necrosis only.
bOne positive neuroendocrine marker (chromogranin, synaptophysin, or CD56) 
is sufficient to assign a score of 3, and at least one is necessary for diagnosis of 
LCNEC.
cTotal score 4 or higher is required for diagnosis of LCNEC. 
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markers. The one case with diffuse moderate staining 
with chromogranin was also patchy and weakly positive 
for synaptophysin and was one of the 33 tumors on the 
TMA with missing histologic classification. Based on 
our morphologic assessment, however, this case is likely 
to have been a true LCNEC. Three of the four weakly 
focally staining cases were positive for only one marker. 
The remaining one case, which was positive for two 
markers (synaptophysin and CD56), was classified on the 
original resection material as large cell carcinoma with 
focal neuroendocrine differentiation. Morphologically, 
this case did not have the typical LCNEC features and 
its average total score by the proposed criteria was 3.25 
(Supplemental Table 1), which is below the proposed di-
agnostic threshold for LCNEC.

There was no correlation between the number, type, 
or strength of neuroendocrine marker immunoreactivity 
and the total score (P = .5), as expected by design. When 
immunohistochemistry for neuroendocrine markers was 
scored proportionally to the number and strength of 
marker expression, true LCNEC cases were missed, re-
sulting in decreased sensitivity.

Morphologic Characterization and Scoring Criteria for 
LCNEC Diagnosis on Biopsy Material

As described in “Materials and Methods,” scoring 
criteria were applied that included Ki-67 LI in addition 
to defined morphologic and immunophenotypic fea-
tures (Table 1 and ❚Image 1❚). Of the three scored mor-
phologic criteria, architectural pattern and necrosis were 
significantly different between NSCLC and LCNEC 
❚Table 2❚. The presence of two or more architectural cri-
teria (palisading, rosette-like structures, and organoid 
nesting) was the most specific morphologic feature for di-
agnosis of LCNEC (98%) but lacked sufficient sensitivity 
(63%). In contrast to the report by Watanabe et al,7 nu-
cleolar prominence was neither sensitive nor specific for 
detecting LCNEC in our cohort (Table 2). It is unclear if  
the difference was due to utilized criteria for determining 
nucleolar prominence, as that was not explicitly defined 
in the previous study. Alternatively, because prominent 
nucleoli are a common feature of high-grade adenocar-
cinomas and squamous cell carcinomas of the lung as is 
also evident from our data (Table 2), it may not provide 
additional value to this differential diagnosis. Nucleolar 
prominence was therefore excluded from the proposed 
scoring scheme.

While the vast majority of NSCLCs had total scores 
less than 2, 100% of LCNECs had total scores of at least 4 
❚Table 3❚. The average total scores ranged between 0 and 5 for 
NSCLCs, with a median of 0.25 and a mean of 0.51 (±0.81 

SEM). For LCNECs, the range was 4 to 7, with a median of 
6 and a mean of 5.63 (±0.73 SEM). The difference between 
the mean total scores for the two diagnostic categories was 
statistically significant (P < .0001) ❚Figure 1❚. While napsin-A 
positivity among NSCLCs predicted a lower total score (data 
not shown), its significance on the morphologic score of 
LCNECs could not be assessed due to a low number of such 
cases (two of 22; average total scores of 4.25 and 5.25).

Finally, and most notably, utilizing the total score 
cutoff  of 4 or higher resulted in the diagnosis of LCNEC 
with a 90% to 99% specificity and 95% to 100% sensitivity 
among individual pathologists. When the average total 
scores from the four participating pathologists were used, 
LCNEC was correctly diagnosed in all 22 cases (100% 
sensitivity), and the specificity reached 99%, even when 
other neuroendocrine tumors (carcinoids and small cell 
carcinomas) in both TMAs were included in the analysis. 
The sensitivity and specificity held up in secondary anal-
ysis (100% and 98.9%, respectively), which included neu-
roendocrine marker and Ki-67 LI evaluation by all four 
participating pathologists rather than a consensus/av-
erage from two pathologists in our primary analysis. The 
specificity was 100% if  other neuroendocrine tumors were 
excluded. This highlights that additional validation with 
modification of the scoring criteria components could be 
considered to specifically address the differential diag-
nosis of LCNEC vs SCLC vs atypical carcinoid.

Proliferative Activity (Ki-67 LI)

Compared to the NSCLC cohort, a significantly 
greater proportion of LCNEC cases displayed high pro-
liferative activity, defined as Ki-67 LI greater than or 
equal to 40% (P < .0001) ❚Table 4❚. Thus, elevated Ki-67 
LI was a highly specific (93%), albeit not very sensitive 
(64%), feature of LCNEC, and thereby provided a signif-
icant value to accurate diagnosis of LCNEC.

Additionally, among all examined cases (both 
NSCLC and LCNEC), those expressing napsin-A by 
immunohistochemistry, including both weakly napsin-A 
positive LNCECs, had significantly lower proliferative 
activity with 96% displaying Ki-67 LI less than 40% 
(P  =  .0004; Table 4). It was also noted that the ma-
jority of LCNEC lesions that were immunoreactive for 
chromogranin displayed low Ki-67 LI (90%; P  =  .01; 
Table 4). This lower proliferative activity is likely a reflec-
tion of a more mature/differentiated phenotype as is im-
plied by the corresponding immunophenotype.

Intratumor Heterogeneity

To examine reproducibility of the proposed scoring 
system and to assess intratumor heterogeneity, three 
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❚Image 1❚  Morphologic and immune phenotypes of sample large cell neuroendocrine carcinoma (LCNEC) and non-LCNEC 
tumors (original magnification, ×20). Total score for LCNEC was 7 (architecture = 2, necrosis = 1, neuroendocrine marker posi-
tivity = 3, high Ki-67 labeling index [≥40%] = 1). Total score for non-LCNEC was 3 (architecture = 2, necrosis = 0, neuroendo-
crine marker positivity = 0, high Ki-67 labeling index [≥40%] = 1).
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different parts of the tumor represented on the three 
LCNEC TMAs were separately scored by all four patho-
logists. The LCNEC case from the archived NSCLC TMA 

utilized in all other parts of the study could not be used for 
this analysis due to the inability to access corresponding 
tissue blocks, leaving a total of 21 cases for this assess-
ment. The SEM ranged from 0.02 to 0.53, with a me-
dian of 0.12, reflecting a good overall reproducibility and 
minimal intratumor heterogeneity. In addition, of the 21 
LCNEC cases, 19 (90%) were consistently scored above 
the diagnostic threshold for LCNEC diagnosis (total score 
≥4) ❚Figure 2❚. This further highlights the reproducibility 
of the scoring system and the overall homogeneity of the 
tumor. The remaining two cases (10%) had mean total 
scores very close to the cutoff of 4, which made them fall 
outside the LCNEC diagnostic interpretation when SEMs 
were considered (score <4; Figure 2). This reflects re-
duced diagnostic reproducibility of the proposed scoring 
system for tumors that are on the proposed diagnostic 
cusp. Independent scoring of neuroendocrine marker 
immunohistochemistry and Ki-67 LI by four participating 
pathologists did not significantly alter these findings (data 
not shown).

❚Table 3❚ 
Distribution of Average Total Scores in NSCLC and LCNEC

Average Total Score NSCLC, No. (%) LCNEC, No. (%)

0-2 164 (93) 0 (0)
2< to <4 10 (6) 0 (0)
≥ 4 2 (1) 22 (100)
Total 176 22

LCNEC, large cell neuroendocrine carcinoma; NSCLC, non-small cell lung 
carcinoma.

❚Figure 1❚  Average total scores in large cell neuroendo-
crine carcinoma (LCNEC) and non-small cell lung carcinoma 
(NSCLC). Each dot represents an individual case but cases 
with overlapping total scores (average from four patholo-
gists) are displayed as a single dot. The mean total scores 
(long solid lines) with the corresponding values (μ) and the 
standard deviations (short solid lines) for each phenotypic 
category are displayed on the graph. The mean total score 
for LCNEC (5.65) was significantly higher than that for 
NSCLC (0.51, P < .0001).

❚Table 2❚ 
Morphologic Scores for LCNEC and NSCLC Cases

Specimen 

Architecture Necrosis Prominent Nucleolia

Score Score Score

0 1 2 3 0 1 0 1

NSCLC, No. (%) 188 (82) 38 (16) 4 (2) 0 170 (74) 60 (26) 102 (44) 128 (56)
LCNEC, No. (%) 3 (14) 5 (23) 8 (36) 6 (27) 6 (27) 16 (73) 14 (64) 8 (36)
Probability <.0001b <.0001b .09

LCNEC, large cell neuroendocrine carcinoma; NSCLC, non-small cell lung carcinoma.
aNucleolar prominence was considered in primary analysis but ultimately was excluded from the proposed scoring scheme (Table 1) on the basis of its inability to differ-
entiate between LCNEC and NSCLC.
bStatistically significant (P > .05).

❚Table 4❚ 
Comparison of Ki-67 Labeling Index by Fisher Exact Test

Fisher Exact Test

Ki-67 LI

Low (< 40%) High (≥ 40%)

Histotype   
  LCNEC 8 14
  NSCLC 195 15
  Probability P < .0001
LCNEC and NSCLC, napsin-A   
  Negative 96 24
  Positive 74 2
  Probability P = .0004
LCNEC only, chromogranin   
  Negative 1 9
  Positive 8 4
  Probability P = .01

LCNEC, large cell neuroendocrine carcinoma; LI, labeling index; NSCLC, non-
small cell lung carcinoma.



171© American Society for Clinical Pathology

AJCP  / Original Article

Am J Clin Pathol 2020;153:165-174
DOI: 10.1093/ajcp/aqz149

Agreement Among Pathologists

There was moderate agreement among pathologist on 
the major morphologic criteria ❚Table 5❚, with greater varia-
bility for architecture (κ = 0.42-0.55), which is attributed to 
its multivariable/ordinal (comprised of three distinct scoring 
categories adding up to a final score of 0-3) rather than bi-
nary nature. Although there was some disagreement for 
each individual component of the score, the final classifica-
tion into LCNEC vs non-LCNEC diagnosis demonstrated 
strong agreement among pathologists (κ = 0.93-0.98; Table 
5). The κ values were not altered significantly when Ki-67 LI 
and neuroendocrine marker immunohistochemistry were 
scored independently by all four pathologists (Supplemental 
Table 2). The lower limit of the κ range (0.74) was attrib-
uted to one of the four pathologists scoring neuroendocrine 
markers slightly more liberally than the other three despite 
the predefined criteria for positivity.

Based on the total score cutoff of 4 or higher, there 
was complete agreement (100%) among the four patho-
logists on the final assignment of tumors to LCNEC vs 
non-LCNEC diagnostic category in 202 of 208 analyzed 
cases (97%), with an average agreement of 99% ± 5% for 
all examined tumors. When considered separately, the 
agreement was significantly better for non-LCNEC than 

for LCNEC cases ❚Table 6❚. This latter finding is primarily 
due to two factors: a small cohort size and a small number 
of evaluating pathologists. While the former is a function 
of low LCNEC incidence and a single institution experi-
ence, the latter assigns substantial weight to each assigned 
score. Specifically, in eight of nine LCNEC cases with di-
agnostic disagreement (89%), there was only one divergent 
opinion (one of four pathologists assigning a score below 
the threshold), and only one case which was assigned to 
the LCNEC diagnostic category by half of the pathologists 
and to the non-LCNEC category by the other half. These 
divergent opinions did not correlate with the pathologists’ 
experience. Excluding neuroendocrine tumors other than 
LCNEC from the analysis resulted in further improvement 
in interobserver agreement, which was not affected signif-
icantly in the secondary analysis with independent neuro-
endocrine immunohistochemistry and Ki-67 LI scoring by 
all four participating pathologists (Supplemental Table 2).

Discussion 

The most recent lung cancer classification statements 
suggest extreme caution in diagnosing LCNEC on biopsy 
material.3,13 Morphologic features such as palisading and 
organoid morphology are not readily seen, there are com-
monly not enough tumor cells (<2,000) to adequately 
count mitoses, and neuroendocrine stains by themselves 
are not considered specific for this entity. We here show 
that an approach combining morphology, neuroendo-
crine stains, and Ki-67 staining in a formal scoring system 
such as has previously been proposed might overcome 
these limitations.7

The utility of Ki-67 in the diagnosis and grading 
of lung neuroendocrine tumors has been examined in 

❚Figure 2❚  Intratumor heterogeneity and reproducibility of the proposed large cell neuroendocrine carcinoma (LCNEC) scoring 
system. Each dot represents an individual case and the bars represent standard errors of the mean (SEM). A horizontal dotted 
line is drawn at a mean score of 4, which is the diagnostic cutoff for LCNEC based on the proposed scoring criteria.

❚Table 5❚ 
Analysis of Agreement Among Participating Pathologists: 
Pairwise Cohen κ Ranges for Each Morphologic Category and 
Final Diagnosis

Category Cohen κ range Standard Deviation (σ)

Architecturea 0.42-0.55 0.04
Necrosis 0.61-0.74 0.04
Final diagnosisb 0.93-0.98 0.03

aOrdinal data, with a score range 0-3.
bFinal diagnosis was binarized into large cell neuroendocrine carcinoma and non-
large cell neuroendocrine carcinoma based on a total cutoff  score of 4 or higher.
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a number of studies. There is an overall agreement that 
Ki-67 LI is appropriate to assess in a hot spot area after 
thorough examination of the entire specimen.14 However, 
the need to assess a hot spot in LCNEC is unclear because 
minimal variability (<1.5%) has been shown in reproduci-
bility studies of Ki-67 LI, with superior results to mitosis 
counting.15-20 In the current study, Ki-67 LI 40% or higher 
was highly specific for LCNEC (93%), which supports the 
utility of Ki-67 LI in lieu of mitotic count on specimens 
with low tumor cellularity, such as core biopsy and fine 
needle aspiration material, corroborating the aforemen-
tioned studies.

Reactivity with at least one neuroendocrine marker is 
required for diagnosis of LCNEC but these are generally 
acknowledged to be insufficient by themselves. Our results 
with neuroendocrine markers are in contrast to a recent 
study by Derks et al,21 which suggested that two or more 
positive neuroendocrine markers in a poorly differentiated 
tumor were sufficient for diagnosis of LCNEC irrespective 
of morphology. While the presence of immunoreactivity 
for two or more neuroendocrine markers may be a some-
what specific feature for LCNEC, the sensitivity of this ap-
proach is inadequate based on our study results.

Rekhtman et al4,22 has previously reported that strong 
napsin-A reactivity is not a feature of LNCEC and, as de-
scribed in “Materials and Methods,” our cases that dem-
onstrated strong reactivity were excluded from analysis on 
the basis of also being neuroendocrine marker negative. 
However, two of our 22 LCNEC cases (9%) showed weak, 
focal napsin-A immunoreactivity but also coexpressed 
neuroendocrine markers and were therefore considered 
true LCNEC. Napsin-A weakly positive LCNECs were 
reported to demonstrate morphologic and molecular 
features more similar to NSCLC, the latter of which in-
clude KRAS, STK11, and KEAP1 gene alterations.4,22 
Conversely, most napsin-A–negative LCNECs were re-
ported to be more similar to classic small cell carcinoma, 
which is defined by coaltered RB1 and TP53 genes.4,22

Although there is a degree of controversy and 
uncertainty regarding the clinical management of 
LCNEC, there has been growing evidence that platinum/

etoposide-based regimens utilized for SCLC show sim-
ilar efficacy in patients with LCNEC and are superior to 
NSCLC treatments in the adjuvant setting and as first-line 
therapy for advanced disease.23-29 The molecular subtype 
of LCNEC also appears to be important in predicting re-
sponse to therapy.5 As we begin to better understand the 
natural history of LCNEC and its response to therapy, 
recognizing this entity and distinguishing it from NSCLC 
on biopsy specimens will become critical for molecular 
evaluation and optimal clinical management.

The proposed scoring criteria allowed accurate dis-
tinction of LCNEC from NSCLC with high overall 
sensitivity and specificity. However, it is important to em-
phasize that these criteria were not designed to differen-
tiate LCNEC from SCLC or highly proliferative atypical 
carcinoids, as there is particular emphasis on neuroen-
docrine marker expression, which defines these tumors. 
Furthermore, SCLC and a subset of atypical carcinoids 
with high proliferative activity30 have Ki-67 LIs greater 
than 40%, which would make them indistinguishable from 
LCNEC based on the proposed scoring criteria. A similar 
difficulty may be encountered in differentiating LCNEC 
from NSCLC with focal neuroendocrine marker expres-
sion. In such instances the scoring criteria would have to 
be modified to place additional emphasis on morphologic 
features over neuroendocrine marker expression and pro-
liferative activity.

In summary, we have characterized pulmonary 
LCNEC morphologically and immunophenotypically, 
demonstrated the utility of Ki-67 LI in distinguishing 
LCNEC from NSCLC, and established a reliable 
semiquantitative approach for this differential diagnosis 
by incorporating our findings with current knowledge 
and established WHO diagnostic criteria. The accuracy 
and reproducibility compare favorably to existing criteria 
for other WHO defined lung carcinoma categories. For 
instance, it is typically stated that 5% of cases of small 
cell carcinoma have moderate to high interobserver varia-
bility,31 and a recent study in NSCLCs has demonstrated 
a κ of  only 0.45 for biopsy material using WHO 2015 
classification.32

❚Table 6❚ 
Analysis of Agreement Among Participating Pathologists: Diagnostic Agreement Based on the Total Score Cutoff of 4 or Highera

Diagnostic Category

Percent Cases With 100% Agreement % Agreement ± SD

Other NE Tumors Included Other NE Tumors Excluded Other NE Tumors Included Other NE Tumors Excluded

All 97 98 99 ± 5 99 ± 5
LCNEC 90 NA 98 ± 8 NA
Non-LCNEC 98 99 99 ± 5 99 ± 4

LCNEC, large cell neuroendocrine carcinoma; NA, not applicable; NE, neuroendocrine.
aOther NE tumors included typical and atypical carcinoids and small cell lung carcinoma.
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Limitations of  the study include a small LCNEC 
sample size and lack of  clinical follow-up due to restric-
tions imposed by the anonymous source of  tissue. Thus, 
additional multi-institutional studies with large LCNEC 
cohorts are needed. Further validation of  the proposed 
scoring criteria on paired biopsy and resection material 
of  LCNEC and NSCLC is warranted, with a particular 
focus on solid adenocarcinoma and large cell carcinoma 
to further enhance the relevance of  this semiquantitative 
approach. Future directions also include prospective 
analysis of  biopsy samples with molecular correlation 
for additional validation. Although less critical for 
current therapeutic stratification, separate criteria for 
distinguishing LCNEC from SCLC and highly prolifer-
ative atypical carcinoid on biopsy may be of  diagnostic 
utility. A combination of  this method with targeted mo-
lecular profiling, such as that utilized by Rekhtman and 
others,4,5,33 could further provide additional information 
for clinical decision making at the time of  biopsy.
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