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Abstract: lung neuroendocrine neoplasms embrace rather heterogeneous and rare malignancies
which are usually characterized by nonspecific, “blurred” clinical signs thus complicating correct
diagnosis or seriously delays it. Pulmonary neuroendocrine neoplasms accurate diagnostics and
classification need to be improved. Histological examination should be supplemented by immuno-
histochemical tests to verify the neuroendocrine component, assess proliferative index of tumor
cells, and confirm its bronchopulmonary origin. Immunohistochemistry is especially important in
case of small or crushed biopsies, which account more than 50% of all specimens in lungs neuro-
endocrine neoplasms. Modern classification of lung neuroendocrine neoplasms and their grading
are based on morphological criteria. Immunohistochemical markers expression is quite variable
in different histological subtypes of bronchopulmonary neuroendocrine neoplasms, often data are
descriptive, and correlation with morphology is studied insufficiently. The aim of this study was
to define any significant correlation between different immunohistochemical markers expression,
necrosis, proliferative index (Ki-67 ratio), and tumor grade in broncho-pulmonary neuroendocrine
neoplasms. Histological blocks of lung neuroendocrine neoplasms from 113 unique patients (36
resections and 77 biopsies (54.5% of biopsies appeared to be small or crushed) were used in this
study. The sample comprised 91 male and 22 female patients; the mean age was 59.2, CI 95%
(56.9-61.4) years (from 19 to 77 years). Histological examination (including neuroendocrine mor-
phology, necrosis, and grade) was provided in all cases. Also, immunohistochemistry, using Chr A,
Syn, CD56, TTF-1, CK7, and Ki-67 before chemotherapy was performed. All morphological and
immunohistochemical data were assessed by two different independent pathologists without the
access to patient’s clinical data. All the observations were classified based on 2021 WHO Thoracic
Tumors Classification. The sample was censored. We used nonparametric statistics (Spearman's
rank correlation) for this study. In was found that Chr A expression strongly (p<0.05) correlat-
ed with immunohistochemical markers of primary lung malignancies (TTF-1 and CK7) that are
mainly expressed in highly and moderately differentiated neuroendocrine neoplasms. Also, positive
expression for TTF-1 and CK7 correlated with each other (p<0.01). There was a strong negative
correlation (p<0.05) between Chr A staining and necrosis presence and it’s severity, between Chr
A expression and tumor cells proliferation (Ki-67 ratio) (p<0.01), and between Chr A labeling and
tumor grade (p<0.01). The correlation of immunohistochemical markers expression with necrosis,
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Ki-67 ratio and tumor grade was significant only for Chr A. All other tested options, for other
markers were not statistically significant. It was defined that decrease or loss of Chr A expression
reliably indicates tumors progression. Chr A expression can be used as an additional tool for grad-

ing of lung neuroendocrine neoplasms.

Key words: neuroendocrine tumors, histology, immunohistochemistry, lung neoplasms, Chro-

mogranin A.

Introduction

Neuroendocrine neoplasms (NENs) are a het-
erogeneous group of malignancies that arise from
neuroendocrine (NE) cells and mostly common-
ly originate from gastrointestinal tract and lungs.
Despite rarity (0.5-2% of all malignancies occur-
ring in adults), the incidence rates of NENs in last
3 decades continue to increase worldwide, mainly
because of greater awareness of the disease and
increased accuracy of the diagnostics (Broder et
al., 2018; Hotland, Kaltsas, & de Herder, 2019;
Naheed, Holden, & Pelosi, 2019; Oronsky et al.,
2017; Singh et al., 2017).

Bronchopulmonary NENs account approx-
imately one-quarter to one third of all prima-
ry lung tumors (Broder et al., 2018; Hendifar,
Marchevsky, & Tuli, 2017; Hung, 2019; Peri-
cleous et al., 2018).

Although lung NENs share morphological,
immunohistochemical (IHC), and ultrastructural
features, they are currently classified into four
histological variants: typical carcinoid (TC),
atypical carcinoid (AC), large cell neuroendo-
crine carcinoma (LCNEC), and small cell lung
carcinoma (SCLC) — ranging from quite indo-
lent lesions (neuroendocrine tumors (NETs)) to
extremely aggressive neuroendocrine carcino-
mas (NECs) with very poor prognosis (Borczuk,
2020; Gkolfinopoulos, Tsapakidis, & Koun-
tourakis, 2017; La Rosa & Uccella, 2021; Pelosi
et al., 2017; Wang et al., 2019). TC is 1% of all
thoracic malignancies and about 9% of all lung
NENSs, AC accounts 0.1% and 1%, LCNEC —
4.8% and 15%, and SCLC — 13.9% and 75% re-
spectively (Melosky, 2017; Naheed et al., 2019).

Many patients with lung NENs are asymptom-
atic at the time of diagnosis, or present with a few
“blurred”, nonspecific symptoms that in more
than 60% of cases mimic respiratory conditions
(asthma or chronic obstructive pulmonary dis-
ease), thus complicating correct diagnosis or seri-

ously delays it. Moreover, more than 95% of lung
NENSs are nonfunctional and don’t show hormon-
al symptoms, and consequently their diagnostics
may be accidental or related to mass effect of
tumor or metastatic lesion (Basuroy, Bouvier, &
Srirajaskanthan, 2018; Hendifar et al., 2017).

A great fraction of well-differentiated NETs
behaves as low-grade cancers. Malignant poten-
tial is characteristic for all lungs NENs. Even for
TC, which cause metastatic lesions in 10% of cas-
es; the chance of distant spread at AC is estimated
20%, and the risk of metastasis is much higher
at LCNEC — about 50% and at LCNEC — 70%
(Melosky, 2017; Rindi & Inzani, 2020).

Key features for accurate broncho-pulmo-
nary NENs diagnostics are characteristic organ-
oid growth pattern (rosettes, trabeculae, ribbons,
festoons, lobular nests, palisading); mitotic rate
and necrosis that plays an important role in lung
NENSs grading and prognosis (Inzani, Petrone, &
Rindi, 2017; Pelosi et al., 2017; Sugimoto et al.,
2020). (see fig. 1).

As morphological features are overlapping for
NETs and NECs, the IHC confirmation is man-
datory for lung NENs diagnosis. Moreover, some
high-grade NENs cannot be detected by H&E
examination, especially in small and crushed bi-
opsies, and requires ICH. Also, biomarkers may
help to exclude histologic mimics (poorly differ-
entiated squamous cell carcinoma, small round
cell tumor, hematologic malignancies, etc.), es-
pecially when facing with NECs. Briefly, IHC is
used to characterize the aggressiveness of lung
NENs by assessing the proliferation index (Ki-
67), as well as NE differentiation (NE markers
expression others than NSE — the best antibody
panel here is Chr A, Syn, and CD56) and to find
out NENs primary location (using TTF-1 and
CK7) (Gkolfinopoulos et al., 2017; Inzani et al.,
2017; Kriegsmann et al., 2021; Kyriakopoulos,
Mayroeidi, & Alexandraki, 2018; La Rosa &
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Fig. 1. Main diagnostic characteristics of lung NENs (Melosky, 2017; Naheed et al., 2017;
IARC, 2021).

Uccella, 2021; Pelosi et al., 2017; Yatabe et al.,
2019).

Ki-67 is often required by oncologists for
grading assessment / prognosis and for therapy
planning. In pulmonary NENs the main diagnos-
tic role of Ki-67 is to distinguish carcinoids from
high-grade NECs, especially in small / crushed
biopsies, when the amount of tissue is limited.
Also, Ki-67 is regarded as more accurate mea-
sure of cell proliferation in comparison to mitotic
count, as it represents the larger portion of the cell
cycle (from mid-G1 through S and G2 phases) and
can “catch” proliferating cells that do not show
mitotic figures (Garg, Bal, & Singh, 2019; Hung,
2019; Marchevsky, Hendifar, & Walts, 2018; Na-
heed et al., 2019). Ki-67 is required for grading
assessment (as grade is considered the dominant
driver of prognosis in patients with lung NENs)
(Jackson et al., 2020).

Syn and Chr A are true markers of NE differ-
entiation, with the former considered more sensi-
tive and the latter more specific. Syn is associated
with synaptic-like vesicles, while Chr A — with
dense core and chromaffin granules (Bellizzi,
2020). The expression of NE markers is well
known to be variable among different histologi-
cal subtypes of lung NENs. Usually, more Chr A

can be detected in carcinoids and LCNECs than
in SCLCs where it is presented in much fewer
cases. The same trend is also seen with Syn. On
the contrary, CD56 is the most sensitive for the
diagnosis of high-grade NECs, although 5-10%
of SCLCs can be negative for all three NE mark-
ers. About 20% of low-grade NECs are positive
only for one NE marker. The use of IHC panel
of NE markers allows to detect any amount of
positive membrane staining of any of these mark-
ers in tumor samples with NE morphological fea-
tures (D1 Giacinto et al., 2018; Gkolfinopoulos et
al., 2017; Sadrzadeh & Kline, 2017; Yatabe et al.,
2019).

CK7 and TTF-1 help to distinguish lung
and gastrointestinal NENs. These markers are
moderately sensitive but highly specific for
diagnosing of primary pulmonary NENs (Cai,
Banner, & Odze, 2001). TTF-1 is a critical single
marker for primary lung cancer, and 63-75% of
adenocarcinomas are TTF-1-positive, some of
them show NE component (if it is >30% — the
neoplasm is considered NEN). TTF-1 is a useful
marker of pulmonary origin in TCs and ACs, but
only positive in about 50% of cases, and the stain-
ing is commonly focal and rather weak. CK7 is
widely used to distinguish lung tumors, including
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carcinoids from colon cancer (up to 70% of pri-
mary bronchopulmonary malignancies show pos-
itive CK7 staining, while most colon tumors are
CK7-negative) (Cadioli, Rossi, & Colby, 2014;
Pelosi, Scarpa, & Sonzogni, 2016; Umakanthan,
Chalapathi Rao, & Mohammed, 2021; Yatabe et
al., 2019).

At lung NENs morphological examination
should be confirmed by IHC tests. Much atten-
tion is paid to the expression of IHC markers,
however, there is little and contradictory data on
how it correlates with the key diagnostic points of
lung NENs: with necrosis, proliferative activity,
and tumor grade.

Aim

The aim of the study is to define level of cor-
relation between different ICH markers expres-
sion, necrosis, proliferative index (Ki-67 ratio),
and tumor grade in broncho-pulmonary NENs.

Methods

Retrospective and prospective study was con-
ducted. We used FFPE blocks of lung NENs
from 113 unique patients who have been treat-
ed in Kiev City Clinical Oncological Center in
2010-2020. There were 36 resections and 77 bi-
opsies; 42 (54.5%) biopsies appeared to be small
or crushed. Histological examination (including
characteristic NE morphology, necrosis, and
grade) was provided in all cases.

We wused standard histological technique.
Tissue samples were placed in a formalin 10%
solution for at least 24 hours. Then specimens
were dehydrated in a series of alcohol solutions
of increasing concentration as a prerequisite for
subsequent embedding in paraffin blocks. 5 um
slides were made from each block, dewaxed and
stained with haematoxylin and eosin. The slides
were examined with standard light microscopy.
In the current study, we used microscope Carl
Zeiss® Primo Star with computed photo fixation.

Also, ICH, using Chr A, Syn, CD56, TTF-1,
CK7, and Ki-67 before chemotherapy was per-
formed. All morphological and IHC data were as-
sessed by two different independent pathologists
without the access to patient’s clinical data. All the
observations were classified based on 2021 WHO
Thoracic Tumors Classification (IARC, 2021).

The study was approved by the Commission
on Bioethical examination of Bogomolets Na-
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tional Medical University (protocol #118, 18 Jan
2019).

To determine IHC markers’ expression, we
used monoclonal antibody anti-Ki-67, clone
MIB-1 (Dako, USA); monoclonal antibody an-
ti-Chr A, clone SP12 (Invitrogen, Thermo Fisher
Scientific, USA); monoclonal antibody anti-Syn,
clone DAK-SYNAP (Dako, Denmark); mono-
clonal mouse anti-human CD56, clone 123C3
(Dako, Denmark); monoclonal mouse anti-TTF-1
clone 8G7G3/1 (Dako, Denmark); monoclonal
antibody anti-human CK7, clone OV-TL 12/30
(Dako, Denmark).

Chr A and Syn were used in all cases. If the
NE labeling was doubtful or negative, additional
CD56 marker was applied (in 18 (15.9%) speci-
mens).

TTF-1 and CK7 were used to confirm the lung
origin of the NENs, especially in cases with un-
known primary tumor site.

Ki-67 index was evaluated as a percentage of
tumor cells showing positive nuclear labeling.
For each sample, 5 microscopic fields at X200
magnification were selected, and 100 tumor cells
in each field were counted to assess the staining
intensity and percentage of positive cells. Ki-67
up to 5% considered Grade 1, 5-30% — Grade 2,
and >30% — Grade 3 (IARC, 2021).

All other IHC markers (TTF-1, CK7, Chr A,
Syn, CD56) were detected by membranous / cy-
toplasmic staining. It was a qualitative reaction
from negative to weak (1+) or strong (2+), but
any staining considered positive.

All calculations were made using Microsoft
Excel. Statistical analysis was performed using
the Program EZR 1,35 (R statistical software ver-
sion 3.4.3, R Foundation for Statistical Comput-
ing, Vienna, Austria).

The sample was censored. We used nonpara-
metric statistics for this study. Spearman’s rank
correlation was applied to reveal links between
IHC markers expression, necrosis, proliferative
index (Ki-67), and tumor grade (Gur’yanov et
al., 2018).

Results

Our study comprised 91 male and 22 female
patients; male / female ratio was 4.1:1. The mean
age in the sample was 59.2, CI 95% (56.9-61.4)
years. Youngest patient — a young woman aged
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Lung NENSs (113 observations)
) NETs NECs
Variables
Grade 1 Grade 2 Grade 3
TC AC LCNEC SCLC
Cases 9 (8.0%) 40 (35.4%) 20 (17.7%) 44 (38.9%)
Male / female 6/3 29/11 17/3 39/5
Patients age, years 56.8 CI 95% 53.4 CI1 95% 62.7 C1 95% 63.2 CI 95%
’ (46.1-67.5) (48.8-58.1) (59.7-65.8) (60.7-65.7)
no 7 (77.8%) 15 (37.5%) 3 (15.0%) 8 (18.2%)
Necrosis, cases focal 2 (22.2%) 9 (22.5%) 8 (40.0%) 11 (25.0%)
extensive — 16 (20.4%) 9 (45.0%) 25 (56.8%)
Ki-67. % 4.1 C195% 15.8 CI 95% 54.4 CI1 95% 63.4 CI 95%
’ (3.3-4.9) (14.1-17.4) (45.5-63.2) (58.5-68.2)
TTF-1 7 (77.8%) 21 (52.5%) 9 (45.0%) 19 (43.2%)
ICH markers pos- CK7 5 (55.6%) 27 (67.5%) 14 (70.0%) 24 (54.5%)
itive expression Chr A 9 (100.0%) 34 (85.0%) 13 (65.0%) 27 (61.4%)
Syn 8 (88.9%) 31 (77.5%) 15 (75.0%) 32 (72.7%)

Table 1. Main charact

eristics of the sample.

19 years diagnosed with AC, the eldest patient —
male, aged 77 years, with SCLC. At TC group pa-
tient’s age ranged from 30 to 74 years, at AC —
from 19 to 76 years, at LCNEC — from 48 to 73
years and ant SCLC — from 38 to 77 years. In
group of AC there were 9 patients under 40 years,
and 4 (44%) of them were female. Main variables
of the sample are given in the table 1.

The differentiation of lung NENs was a step-
wise process on a constellation of histological
and THC traits alongside the evaluation of prolif-
erative activity and necrosis extent.

Most cases were showing characteristic NE
architecture — organoid “nests”, trabeculae, and
rosettes and all were positive for one or two NE
markers.

Only in a few samples of TC small necrotic
foci were detected. In the NENSs tissue of the 2
and 3 grade more foci of necrosis were seen, and
their area extended.

In the current study Ki-67 indicator ranged
from 2 to 5% in TC (Grade 1), from 6 to 25% in
AC (Grade 2), and from 30 to 100% in LCNEC,
and from 30 to 95% — in SCLC that correspond-
ed to Grade 3. And Ki-67 ratio run high signifi-
cantly as the degree of tumor cells differentiation
decreased.

56 (49.6%) specimens in the sample showed
positive TTF-1 staining: in 21 (18.6%) cases the
labeling was weak, in 35 (31.0%) — strong or
moderate. 70 (61.9%) samples were CK7-pos-
itive: in 12 (10.6%) of them the staining was
weak, in 58 (51.3%) — moderate to strong.

Chr A expression was detected in 83 (73.5%)
cases, Syn — in 86 (76.1%). Low Chr A expres-
sion was observed in 19 (16.8%) specimens,
Syn — in 14 (12.4%). Moderate or pronounced
expression of Chr A was seen in 64 (56.6%) cas-
es, of Syn — in 72 (63.7%). 24 (37.5%) low-dif-
ferentiated malignancies were Chr A-negative,
17 (26.56%) — Syn-negative; 7 (10.9%) NECs
were negative for these both NE markers. Chr
A expression decreased and disappeared rather
quickly while tumor progressing, but some high-
grade NEC:s still showed Syn staining.

Biomarker CD56 was used if staining for Chr
A and Syn was negative or dubious (especial-
ly in crushed biopsies) — in 18 (15.9%) speci-
mens. CD56 appeared to be positive in all these
cases, while in 7 (38.9%) of them neither Chr
A no Syn expression was detected (6 SCLC / 1
LCNECQ).

Typical morphology and immunoprofile of the
lung NENs are given on fig. 2 and 3.
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B

Fig. 2. Micropreparation. High grade NECs (grade 3). Note the characteristic organoid pattern of

growth and numerous foci of necrosis. A — LCNEC, metastasis in the lymph node, H&E staining,

x200. “Nests” of epithelioid cells with large irregular nuclei, and abundant eosinophilic cytoplasm.

A few mitotic figures and necrosis are seen in the center of some of the tumor “nests”. B— SCLC,

H&E staining, x200. “Nests” and “ribbons” of small cells with irregular hyperchromatic nuclei and
scant cytoplasm. Extent foci of necrosis.

We observed a strong correlation between Chr
A expression and some other ICH markers, in-
cluding Ki-67, and necrosis presence and severi-
ty, and tumor grade.

Chr A positive reaction correlated with ICH
markers of primary lung malignancies that are
mainly expressed in highly and moderately dif-
ferentiated lung NENs. The strong correlation be-
tween Chr A expression and positive staining for
TTF-1 and CK7 was revealed (Spearman’s rank
correlation, p=0.287, p=0.00852 and p=0.254,
p=0.00147 respectively). Also, positive expres-
sion for TTF-1 and CK7 correlated with each
other (Spearman’s rank correlation, p= 0.501,
p=0.00000352).

There was a strong negative correlation be-
tween positive staining for Chr A and necrosis
presence and its extent (Spearman’s rank cor-
relation, p= -0.228, p=0.0193 and p= -0.366,
p=0.000121 respectively).

Also, we detected a strong negative correla-
tion between Chr A expression and tumor cells
proliferation (Ki-67 ratio) (Spearman’s rank cor-
relation, p=-0.363, p=0.0000896).

A strong negative correlation was observed be-
tween Chr A expression and tumor grade (Spear-
man’s rank correlation, p=-0.356, p=0.000128).

All other tested options, for other ICH mark-
ers were not statistically significant.

Discussion

Lung NENSs are rare (less than 1% of all newly
diagnosed malignancies) and heterogeneous
tumors. Diagnosis of lung NENs rate has increased
significantly over the past few decades. The
lung is the second most common site for NENs
after the digestive tract. Bronchopulmonary
NENs account for approximately 22-27% of
all NENs and up to 20-25% of all primary lung
malignancies in adults. Lung NENs are divided
into 4 histological subtypes from low-grade
NETs (TC and AC) to high-grade NECs (LCNEC
and SCLC), that require different management
strategies. In general, NECs have aggressive
behavior, while the course of NETs might be more
indolent with higher survival rates, but bronchial
carcinoids are also malignant and have the
potential to metastasize. Most of the lung NENs
are nonfunctional, and associated symptoms
are single and nonspecific or even absent until
more advanced stages which can result in wrong
or delayed diagnosis. About 40% of cases are
metastatic at the presentation which worsens the
prognosis significantly; the 5-year survival rate
for stage IV disease is less than 5%. The issues
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F

Fig. 3. Micropreparation. Strong staining for characteristic IHC markers in lung NENs. A — AC

(grade 2), TTF-1 positive staining (2+). x200. B— AC (grade 2), CK7 positive staining (2+). x200.

C — AC (grade 2), Chr A positive staining (2+). x200. D — AC (grade 2), Syn positive staining (2+)

x200. E — SCLC (grade 3), CD56 positive staining (2+) x200. F — LCNEC (grade 3), Ki-67=55%.
x200.
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of timely and correct diagnosis remain relevant.
And one of the most important issues is the dif-
ferentiation between low- and high-grade lung
NENSs. For a while there were no clear criteria for
pulmonary NENs grading. ICH is obligatory for
modern diagnostic algorithm for lung NENSs. It
is mainly used to characterize the aggressiveness
of NENs by assessing proliferative index Ki-67,
as well as NE differentiation (Chr A, Syn, CD56
markers). However, literature data on the expres-
sion of different markers are often contradictory,
and many aspects require further study.

Broncho-pulmonary NENs are currently clas-
sified in four main categories, including highly
differentiated TC, moderately differentiated AC,
and low differentiated LCNEC and SCLC.

It is considered that AC account about 1%
of all broncho-pulmonary NENs and SCLC ac-
counts up to 75%. But in the current study the
ratio of lung NENs subtypes differs from gener-
ally accepted because of AC and SCLC. While
the proportion of TC and LCNEC corresponded
to literature data (8% and 17.7% respectively),
AC was diagnosed in 35.4% cases, SCLC — in
38.9%. Maybe there two reasons for this. Most
studies are conducted on small number of samples
because of pathology rarity, and sometimes their
results are rather contradictory. Moreover, for a
long time there were no clear guidance on lung
NENSs subtyping, and researchers used different
approaches (based on mitotic rate, Ki-67 ratio
with different cutoffs, and even applied modified
classification for gastrointestinal NENs).

Necrosis considered an obligatory feature for
lung NENS classification, and the number and ex-
tent of necrotic foci rise with a decrease in tumors
differentiation level. This statement was also
confirmed by the results of our study. But in 19
(29.7%) specimens of lung NECs (11 SCLC / 8
LCNEC) only small foci of necrosis were found.
Probably because 14 (73.7%) of 19 samples were
biopsies, and 8 (57.6%) of them appeared to be
small or crushed. 11 (17.2%) samples of poorly
differentiated lung NENs (8 SCLC / 3 LCNEC)
didn’t show any necrosis; 7 (63.7%) of these 11
specimens were biopsies, rather small or exten-
sively crushed.

Morphology represents the first cornerstone
for the differential diagnosis between NETs and
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NECs. Combination of morphological features
and Ki-67 proliferative index improves the abili-
ty of this distinction, which has important clinical
implications.

Ki-67 is required to estimate tumor grade,
especially in small biopsies with crush artifacts
impairing the morphological examination. For a
while Ki-67 was not a diagnostic criteria for lung
NENs grading, especially for distinguishing TC
from AC, because of certain overlapping between
different histological subtypes. But Ki-67 is much
more reliable and convenient to use than mitotic
rate, and less time-consuming. Ki-67 considered
the ICH “golden standard” in oncopathomorph-
ogy. The Ki-67 cut-offs for lung NENs grading
have changed several times which caused differ-
ences in their classification and distribution in
different studies. According to the latest guide-
lines, Ki-67 up to 5% considered grade 1 (TC),
up to 30% (AC), and >30% — grade 3 (LCNEC
and SCLC). But SCLC usually show the highest
Ki-67 rates. Likewise, in our study mean Ki-67
index in LCNECs was 54.4% (CI 95% (45.5—
63.2)),in SCLCs — 63.4% (C195% (58.5-68.2)).
Ki-67 ratio exceeded 50% in 46 (71.9%) NECs
(35 SCLC / 11 LCNEC), 75% — in 13 (20.3%)
NECs (9 SCLC /4 LCNEC), in 5 (7.8%) samples
Ki-67 reached 90-100% (3 SCLC / 2 LCNEC).
Primary high-grade lung NENs, diagnosed on
small biopsies, showing classic LCNEC or SCLC
morphology, and extremely high Ki-67 index, of-
ten are characterized by very aggressive clinical
behavior.

During the process of malignant transforma-
tion, tumor cells retain some of the functional
characteristics which are specific to their sight of
origin and can be easily identified by certain ICH
markers expression.

Positive staining for TTF-1 and CK7 helps
to distinguish pulmonary from gastrointestinal
NEN:S. Different subtypes of lung NENs are vari-
ably stained by TTF-1 and CK7. TTF-1 expres-
sion was more specific for TC and AC, however,
CK7 staining was more stable in low-differentiat-
ed malignancies. In the current study 28 (57.1%)
NETs were positive for TTF-1 and 32 (65.3%) —
for CK7. While only 28 (43.8%) NECs showed
positive TTF-1 staining, CK7 expression was
observed in 38 (59.4%) samples.
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The combination of NE morphological fea-
tures and positive staining for at least one NE
marker was suggestive of the diagnosis of the
lung NEN.

It was noticed that 10-20% of lung NECs are
positive with one NE marker. In the current study
there were 7 (10.9%) of such specimens. But in
most cases LCNEC and SCLC were positive for
two NE markers.

The staining of each NE marker varies among
the histological subtypes of lung NENs and de-
creases in low-differentiated NECs. In the cur-
rent study Chr A expression decreased and dis-
appeared rather quickly with tumor progressing,
while many high-grade NECs still show positive
Syn and CD56 staining. CD56 was a reliable
mark to confirm a diagnosis in dedifferentiated
lung NECs that lost their ability to express oth-
er NE markers. CD56 expression was seen in 18
specimens, and 7 (38.9%) of them (6 SCLC / 1
LCNEC) were negative for Chr A and Syn. It is
most likely that CD56 may be considered an in-
dicator of SCLC rather than general NE marker.

According to the results of our study, the cor-
relation of ICH markers expression with necro-
sis, Ki-67 ratio and tumor grade was significant
only for Chr A (Spearman’s rank correlation). All
other tested options, for other biomarkers were
not statistically significant.

The strong positive correlation (p<0.01) was
seen for Chr A and TTF-1, also between Chr A
and CK7. Most highly and moderately differenti-
ated lung NENs showed strong or medium TTF-
1 expression. As the tumors’ differentiation de-
creased, these markers expression diminished or
disappeared. However, CK7 values remained rel-
atively stable even in poorly differentiated NECs.

Strong negative correlation (p<0.05) was re-
vealed between Chr A expression and key points
(maybe better use the word features?), used
for lung NENSs classification. Chr A expression
strongly correlated with necrosis presence and
extent, with Ki-67 ratio, and with tumor grade.
Numerous and extent necroses, high Ki-67 index,
and high grade are for poorly differentiated lung
NENSs, so, many of these malignancies appear to
be Chr A-negative. If pulmonary NEN doesn’t

ISSN 1996-353X
ISSN 2311-6951

express Chr A, it may testify in favor of a tumor
progressing.

Conclusion

Lung NENs is a heterogeneous group of
high- and low-grade malignancies arising from
NE cells and classified into four histological
subtypes, namely TC, AC, LCNEC and SCLC.
Despite the rarity, bronchopulmonary NENs are
rising in incidence over few past decades (which
may be related to improvements in imaging and
pathological diagnostic techniques) and make up
about 20% of all lung malignancies with a large
prevalence of NECs. Pulmonary NENs diagnosed
based on organoid morphology, mitotic count, ne-
crosis features and presence of NE markers. ICH
staining is the commonly used specialized tech-
nique that notably improves diagnostic accuracy
at lung NENs. But sometimes there is a lack of
concordance of ICH markers and morphological
criteria for bronchopulmonary NENs diagnosis
and grading. Thus, there is a need to study cor-
relations between biomarkers expression and key
morphological features (tumor cells proliferation,
necrosis, and grade) in lung NENS, and to identi-
fy statistically robust markers.

In the current study the strong positive cor-
relation between Chr A expression and markers
of primary lung origin of the tumor (TTF-1 and
CK7) was found. All these three markers are
mainly expressed in highly and moderately dif-
ferentiated pulmonary NENs (especially Chr A
and TTF-1).

Also, strong negative correlation was seen be-
tween Chr A expression and necrosis, prolifera-
tive index (Ki-67), and tumor grade.

Decrease or loss of Chr A expression reliably
indicates tumor progression. Chr A expression
can be used as an additional tool for lung NENs
grading.

Limitation of the current study: retrospective
analysis, and relatively small sample range; dis-
tribution of lung NENs subtypes differs from the
generally accepted.

Further prospective studies on larger samples
are needed to overcome the mentioned limita-
tions and to determine the clinical value of Chr
A expression.
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AHOTAaNisA: HEWPOESHAOKPHUHHI HOBOYTBOPEHHSI JIETEHb BKJIFOYAIOTh IOCUTh I€TEPOreHHI Ta piaKic-
Hi MyXJIMHY, I SIKUX 3a3BUYail XapakTepHi HecrneunpidHi, «CTepTi» KIiHIYHI TPOSIBH, 110 YCKIIAJ-
HIOE BCTAHOBJICHHS MPABUJIHOTO JIiarHO3y ab0 CIPUYHMHSAE CYTTEBY Horo 3atpumky. KopekrHa fmia-
THOCTHKA Ta KJIacU(iKallisi HeHpOSHIOKPUHHIX HOBOYTBOPEHb JIET€Hb MOTPEOYIOTh BIOCKOHAICHHS.
INicrosnoriune nociipkeHHs Mae OyTH JONOBHEHE IMyHOTICTOXIMIYHUMH T€CTaMU 3 METOIO BepH]i-
Kallii HeHPOEHTOKPUHHOTO KOMITIOHEHTY, OIIIHKH MpoJihepaTUBHOTO 1HAECKCY KIITHH MyXJIUHH, Ta
MiATBEPIKEHHS 11 OPOHXO-JIETEHEBOTO MOXOKEHHS. IMyHOTiCTOXIMIUHE JOCHIHKEHHS € 0COOIUBO
BOXJIUBUM Yy BHUIIAJKy MaluX abo Kpam-0iorcii, siki ckiaaaaroTs nmoHasn 50% ycix 3pa3kiB Ipu HEl-
POEHIOKPHHHUX HOBOYTBOPEHHSX JiereHb. CydyacHa kinacudikaiis HEHPOEHAOKPHUHHUX HOBOYTBO-
pEeHb JIeTeHb Ta BHU3HAUEHHS CTYINEHS iX JU(EpeHIIIOBaHHS 3/iHCHIOITHCA 32 MOPQOIOTTUHUMHU
kputepisimu. Excripecisi iMyHOTICTOXIMIYHMX MapKepiB € JIOCUTb BapiaOesbHOIO y PI3HUX TiCTOJIO-
TYHUX MIATHIAaX OPOHXO-JIETEHEBUX HEHPOCHIOKPUHHUX HOBOYTBOPEHb, YACTO JaHI € OMMCOBUMH,
ix Kopensiis 3 MOPQOJIOTIYHUMH O3HAKAMHM BHUBYCHA HENOCTATHHO. METOI JAHOTO JOCIiKCHHS
Oy/10 BU3HAUEHHsI CTAaTUCTUYHO 3HAUYIIOi KOPEJALii MK KCIPECi€r0 Pi3HUX IMYHOTICTOXIMIYHHX
MapKepiB Ta HEKPO30M, HpoitidepaTuBHUM iHAEKcOM (piBeHb Ki-67) 1 cTyneneM audepeHiiroBaHHs
OpOHXO-JIETEHEBUX HEHPOCHIOKPUHHUX HOBOYTBOPEHb. B 1OCIHIKEHHI BUKOPHCTaHI TiCTOJOTIUHI
0JI0KM HEWPOEHAOKPMHHUX HOBOYTBOPEHbD JiereHb 113 marienTtiB — marepian 36 pesekuiii 1 77 6i-
oriciit (54,5% Oiorciii BUSBHIMCS MaIUMU a00 po3apobnennmu). Bubipka ckiaganacs 3 91 natienrta
40JI0BiUO1 cTati Ta 22 *iHOYOi; BiK XBopux Bif 19 mo 77 pokiB, y cepeaapomy 59,2 poxy I 95%
(56,9-61,4). I'icronoriune AOCTIJKEHHS (BKIIOYaI0YM BU3HAYEHHS! HEMPOESHIOKPHUHHOT MOP]OIIOTii,
HEKpO3y, CTyNneHs UG EpeHIIIFOBaHHS TyXJIMHH ) TPOBEACHE B YCIX BUMAIKax. Takok MpoBeAcHE iMy-
HOTICTOXIMIYHE JOCII/PKEHHS 10 NMPU3HAYCHHS XBOPHUM XimioTepamii (3 BUKOPHCTAHHSIM MapKepiB
Chr A, Syn, CD56, TTF-1, CK7 Ta Ki-67). Bci Mopdosoriuni Ta iMyHOTiCTOXIMIYHI JaH1 OLIHFOBAJIH-
Cs1 IBOMA HE3aJIe)KHUMHU T1aToJIoraMu 0e3 TOCTYIy /10 KJIIHIYHUX JaHuX narienrta. Bei cnocrepexen-
Hs knacudikorani 338 WHO Thoracic Tumors Classification (2021 p.). BuGipka Oyna 1ieH3ypoBaHOI0.
VY nociikeHi BUKOPUCTaHI METOAM HEMapaMeTpUYHOT CTaTUCTUKH (paHroBa kopessuis CriipMeHa).
BusBnenuii cunbHMi Kopensuiiiauit 38’5130k (p<0.05) mix excrnpeciero Chr A ta imyHOricTOXiMi4-
HUX MapkepiB nepBuHHUX IyxJyiuH Jieredb (TTF-1 1 CK7), siki nepeBaxxHO BiJ3HAYalOTh Y BHUCOKO
Ta MOMIPHO JU(epeHIIHOBaHUX HEHPOCHAOKPUHHUX HOBOYTBOPEHHAX. TaKkoX BUSBIIEHA IO3UTHB-
Ha Kopesnis Mix ekcrpeciero mapkepiB TTF-1 1 CK7 (p<0.01). Busnauenuii cunbHUN HEraTuB-
HUl KopemsuiiHuii 38’5130k (p<0.05) mix peakuieto Ha Chr A Ta HasiBHICTIO 1 BUPa)KEHICTIO BOTHUIILL
Hekpo3y; Mix ekcrpecieto Chr A i mpomidepamniero myxauaHuX kiituH (piBeHb Ki-67) (p<0.01); a
takoxk MK Chr A Ta ctynenem nudepenuitoBanis nyxauau (p<0.01). Kopemnsuilinuii 38’430k Mix
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EKCTIPECIEI0 IMyHOTICTOXIMIYHUX MapKepiB, HEKPO3oM, piBHeM Ki-67 Ta ctyneHem qudepeHIiroBan-
HS1 Iy XJIMHU BUSIBUBCS CTATUCTUYHO JTocToBipHUM Juie uist Chr A. Pemta nepeBipeHnx koMOiHamin
MOKA3HHMKIB, JUIS iHIIUX MapKepiB He OyJU CTAaTUCTUYHO 3HAUyIIMMH. Bru3HaueHo, 110 3HWKEHHS a00
BTpata ekcnpecii Chr A € HagiitHuM cBigueHHsIM myxiuHHOI porpecii. Excripecist Chr A moxe O0ytu
BUKOPHCTAHA SIK JIOAATKOBHI 1IHCTPYMEHT ISl PO3IOLUTY HEHPOSHIOKPUHHUX HOBOYTBOPEHb JIETCHb
3a CTYTEHEM 3JIOSKICHOCTI.

Kuro4oBi ciioBa: HElpoeHAOKPUHHI MMyXJIMHU, T1CTONIOTIS, IMyHOT1CTOXiMisl, HOBOyTBOPEHHS Jie-
reHb, XpOMOTpaHiH A.
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