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Abstract

Introduction  Differentiating high-grade neuroendocrine carcinomas (HGNEC) is difficult. We aimed to assess the clinical features and survival outcomes of unclassified HGNEC
(uHGNEC) and to compare it with small-cell lung cancer (SCLC).

Materials ~ This was a retrospective and observational study of HGNEC patients. Kaplan-Meier method was used to estimate progression-free survival (PFS) and overall survival (OS).
and Methods  Cox-regression analyses were used to determine the risk factors independently associated with PFS and OS.

Results  One hundred twenty-one patients [uHGNEC (n = 35), SCLC (n = 86)] were analysed. The primary tumour was mostly right-sided, located in the centre of the lungs. The
IASLC stage at diagnosis was locally advanced in 43 (35.5%) patients and advanced in 78 (64.5%) patients. uHGNEC and SCLC groups shared similar clinical features. The
study population's median PFS and OS were 8.8 (95%Cl 7.29 - 10.30) and 10.9 (95%Cl 9.9 - 11.8) months, respectively. uHGNEC- and SCLC groups had a similar PFS
(9.4 vs 8.6 months, p = 0.99) and OS (12 vs 10.7 months, p = 0.51). The six-month, one- and two-year PFS and OS of the two groups were also similar. Among all patients,
a right-sided tumour (HR: 1.558, 95%Cl 1.044 — 2.325, p = 0.03) and advanced-stage disease (HR: 1.928, 95%Cl 1.292 - 2.877, p = 0.001) were prognostic factors for poor
OS. Cox-regression analysis indicated that histopathology did not have an impact on PFS and OS.

Conclusion  HGNEC patients who cannot be classified pathologically behave like SCLC.

Keywords  high-grade neuroendocrine carcinoma, pulmonary neuroendocrine carcinomas, small-cell lung cancer

(3

Ama¢  Bu ¢alismanin amaci patolojik olarak tiplendirilemeyen yiiksek dereceli néroendokrin karsinomlarin (uYDNEK) klinik ozelliklerini ve sag kalim sonuglarin: degerlendirmek ve
kiigiik hiicreli akciger kanseri (KHAK) ile karsilastirmaktir.

Yontem ve  Bu retrospektif ve gozlemsel ¢alismada YDNEK hastalarimin klinik ozellikleri degerlendirildi. Progresyonsuz sagkalim (PFS) ve genel sagkalim (OS) Kaplan-Meier yontemi
Geregler  kullanilarak hesaplands. PFS ve OS ile iliskili bagimsiz risk faktorlerini belirlemek igin Cox-regresyon analizleri yapilds.

Bulgular ~ Calismaya 121 hasta [uYDNEK (n=35), KHAK (n=86)] dahil edildi. Primer tiimér ¢ogunlukla sag tarafta ve santral yerlesimliydi. Tani anindaki evre 43 (%35,5) hastada lokal
ileri, 78 (%64,5) hastada ileri idi. uYDNEK ve KHAK gruplarmn klinik ozellikleri benzerdi. Calisma popiilasyonunun medyan PFS ve OS5i sirastyla 8,8 (%95 Cl 7,29 - 10,30)
ve 10,9 (%95 Cl 9,9 - 11,8) ay olarak hesaplandi. uYDNEK ve KHAK gruplart arasinda PFS (9.4 ve 8.6 ay, p = 0.99) ve OS (12 ve 10.7 ay, p = 0.51) istastistiksel olarak benzer
bulundu. 6-aylik, 1-yillik, 2-yillik PFS ve OS hesaplandy, iki grup arasinda istatistiksel fark bulunmadi. Cox regresyon analizinde primer tiimoriin sag tarafta yerlesimi (HR:
1.558, 95%Cl 1.044 - 2.325, p = 0.03) ve ileri evre hastalik (HR: 1.928, 95%Cl 1.292 - 2.877, p = 0.001) OS i¢in kétii prognostik faktor olarak bulundu. Cox regresyon analizinin
sonuglari, histopatolojik alt tiplerin PFS ve OS iizerinde bir etkisinin olmadigini gosterdi.

Sonu¢  Patolojik olarak siiflandirilamayan YDNEK hastalart KHAK hastalart ile benzer klinik ve sag kalim ozellikleri gostermektedir.

Anahtar
i yiiksek dereceli noroendokrin karsinoma, kiigiik hiicreli akciger kanseri, noroendokrin tiimérler
Kelimeler
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INTRODUCTION

Pulmonary neuroendocrine carcinoma (pNEC) is a spe-
cial subtype of lung cancer with an incidence of approxi-
mately 15-20%."! The diagnostic criteria are clearly defined
based on morphology, occurrence and extent of necrosis,
and mitotic count. With the growing advances in immuno-
chemistry, its use in the diagnosis of pNEC is recommend-
ed according to the 2015 WHO Classification. pNEC was
grouped into one category including four major types in
this edition.? Subsequently, the recent edition of the WHO
Classification of lung tumours was released in 2021. The
principles, which emphasise using morphology, immu-
nohistochemistry, and molecular techniques, seem simi-
lar.* Accordingly, pNEC has a wide spectrum of tumours
from low-grade typical carcinoid tumours and intermedi-
ate-grade atypical carcinoid tumours, to high-grade neu-
roendocrine carcinomas (HGNEC), including small-cell
carcinoma (SCLC) and large-cell neuroendocrine carcino-
ma (LCNEC).* SCLC and LCNEC are present in 13-15%
and 3% of lung cancers, respectively.” The subtypes of
HGNEC have strong similarities with each other in terms
of poor histologic differentiation, aggressive behavior, and
poor prognosis.®® Furthermore, differentiating HGNEC
from its subgroups as SCLC and LCNEC is complex in nu-
merous cases and may not always be achievable due to sev-
eral pitfalls including sampling issues, fixation artefacts,
and the morphologic variability of tumour cells.*’ Patients
diagnosed with HGNEC but cannot be classified (unclassi-
fied HGNEC-uHGNEC) are followed up and treated with
the recommendations for SCLC in line with the guidelines.
However, it is still controversial to use the same strategy
of management since there have been few studies about
the disease course, treatment response or survival status of
patients with uHGNEC. Therefore, we aimed to assess the
clinical characteristics and survival outcomes of patients
with uHGNEC and compared them to those of patients
with SCLC in the current study.

MATERIAL and METHODS

Study population and design
Three hundred forty-four patients whose pathological
specimens were evaluated by a professional pulmonary pa-
thologist (ED.) in our centre between 2009 and 2021 were
analysed in this retrospective and observational study. All
pathologic specimens were evaluated for a series of im-
munohistochemically staining, including CD56, thyroid
transcription factor 1 (TTF-1), epithelial membrane anti-
gen (EMA), pankeratin, synaptophysin and Ki-67. Patients
with a Ki-67 proliferation index of >70% and immunobhis-
tochemistry positive results for neuroendocrine markers
were enrolled in the analysis. All patients were restaged ac-
cording to the 8th edition TNM staging system proposed
by the International Association for the Study of Lung
Cancer (IASLC)."* Tumours involving the main carina or a
main segmental bronchus were evaluated as central, while

the other locations were evaluated as peripheral.'!

As shown in the study flow chart (Figure 1), patients were
excluded if they were under the age of 18, underwent an
operation for tumour resection, had another known can-
cer apart from HGNEC / SCLC (before, at the same time
or after diagnosis of HGNEC / SCLC), did not complete
their first-line anti-cancer treatment due to medical rea-
sons, self-refusal or death, received all or part of their
treatment at an outside centre, and loss of medical record/
follow-up data. Of note, patients who had an early-stage
disease were excluded from this study because of the small
number. Finally, 121 patients were included in the study
and grouped as patients with uHGNEC (uHGNEC group)
and patients with SCLC (SCLC group).

Data for each patient extracted from patients’ files and the
hospital’s medical record system included demograph-
ic and clinical characteristics (age, gender, comorbidity,
smoking habit), tumour data (histopathology, clinical
TNM stage, tumour size, lymph node involvement, me-
tastasis area), and primary tumour’s laterality (right /

left), location (central/peripheral). The primary survival
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outcomes were determined as median progression-free
survival (PFS) and median overall survival (OS). PFS was
calculated as time (months) from the first treatment to
disease progression or death. OS was calculated as time
(months) from the date of diagnosis of SCLC / uHGNEC
until the date of death from any cause or analysis time. The

cut-off date for follow-up was September 1, 2022.

Ankara Atatiirk Sanatorium Training and Research Hos-
pital Clinical Research Ethics Committee (Number: 2012-
KAEK-15/2559 Date: 23.08.2022) was approved this study.
Good Clinical Practice guidelines and assent specific to
our country were performed and the Declaration of Hel-
sinki and its subsequent revisions were followed. An in-
formed consent form was waived because this was a ret-

rospective study.

Statistical analysis
Categorical data were expressed as number of cases (%)
and compared using the chi-square test or Fisher’s Exact
test. The normality of the distribution of continuous varia-
bles was evaluated by the Kolmogorov-Smirnov test. Con-
tinuous data were given as mean + standard deviation (SD)
for normal distributions, and median (minimum-max-
imum value) for skewed distributions. Student’s t-test or
Mann-Whitney U test was used to compare groups de-
pending on normality. The reverse Kaplan-Meier method
was used to calculate the median follow-up duration. The
Kaplan-Meier method was used to estimate PFS and OS,
and the log-rank test was used to compare groups. Cox
regression analysis was performed to identify risk factors
independently associated with OS and PFS, and presented
with the hazard ratios (HRs) and 95% confidence inter-
val (95% CI). Variables associated with OS and PFS which
had a P- value lower than 0.1 in univariate analysis were
included in multivariate analysis. Statistical analyses were
carried out with IBM Corp. Released in 2017. IBM SPSS
Statistics for Windows, Version 25.0. Armonk, NY: IBM
Corp. A p-value of < 0.05 was considered statistically sig-

nificant.

RESULTS
The demographic and clinical features of
uHGNEC and SCLC groups
A total of 121 patients (106 males and 15 females, with a
mean age of 61.07 + 10.65) were enrolled in the study. The
primary tumour was mostly right-sided and located in the
central of the lungs. The most common tumour size was
> 7 cm (n =63, 52.1%) and almost all of the patients were
N (+) (n =116, 95.8%). The IASLC stage at diagnosis was
locally advanced in 43 (35.5%) patients and advanced in
78 (64.5%) patients. There were 35 (28.9%) patients in the
uHGNEC group and 86 (71.1%) patients in SCLC (SCLC
group). uHGNEC- and SCLC groups shared almost simi-
lar demographic and clinical features, and the covariates
related to tumour data showed no significant difference

between the two groups (Table 1).

Patients with UHGNEC and SCLC

|

Check for inclusion and exclusion criteria Exclusion criteria

Age<18(n=0)

* Early stage (n = 10)

* Underwent operation (n = 7)

* Incomplete the first line anti-cancer
treatment (due to exitus, low
performance status or self-refusal etc.)

(n=66)
* Another known cancer apart from
HGNEC / SCLC (n = 10) |

v

-

UHGNEC

n=3) (n=36)
Figure 1. The flowchart of the study population
Abbreviations: SCLC, Small cell lung cancer; uHGNEC, Un-

classified high-grade neuroendocrine carcinoma
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Table 1. The clinical features of the entire study population and comparison of uHGNEC- and SCLC groups

Moy | oveasaeen) (seriin | PVALUR
AGE (YEAR + SD) 61.07 + 10.65 63.49 +9.4 60.09 + 11.02 0.11
AGE, N (%)
<65 76 (62.8) 19 (54.3) 57 (66.3) 0.21
265 45 (37.2) 16 (45.7) 29 (33.7)
SEX, N (%)
FEMALE 15 (12.4) 3(8.6) 12 (14) 0.55
MALE 106 (87.6) 32(91.4) 74 (86)
SMOKING HISTORY + (+) 94 (77.6) 27 (77.1) 68 (79) 0.24
COMORBIDITY (+), N (%) 66 (54.5) 22 (62.8) 46 (53.4) 0.14
LATERALITY #, N (%)
LEFT 56 (46.3) 19 (54.3) 37 (43) 0.26
RIGHT 65 (53.7) 16 (45.7) 49 (57)
LOCATION %, N (%)
PERIPHERAL 28 (23.1) 8(22.9) 20 (23.3) 0.96
CENTRAL 93 (76.9) 27 (77.1) 66 (76.7)
TUMOUR SIZE, N (%)
<3CM 7 (5.8) 4(11.4) 3(3.5)
3CM-<5CM 13 (10.7) 3(8.6) 10 (11.6) 0.14
5CM-<7CM 38 (31.4) 14 (40) 24 (27.9)
>7CM 63 (52.1) 14 (40) 49 (57)
NODAL STATUS, N (%)
NO 5(4.1) 3(8.6) 2(23)
N1 14 (11.6) 5(14.3) 9 (10.5) 0.94
N2 68 (56.2) 14 (40) 54 (62.8)
N3 34 (28.1) 13 (37.1) 21 (24.4)
M STATUS, N (%)
Mo 43 (35.5) 14 (40) 29 (33.7)
MIA 7 (5.8) 1(2.9) 6(7) 0.58
MIB 12 (9.9) 2(5.7) 10 (11.6)
MIC 59 (48.8) 18 (51.4) 41 (47.7)
IASLC STAGE, N (%)
LOCALLY-ADVANCED 43 (35.5) 14 (40) 29 (33.7) 0.51
ADVANCED 78 (64.5) 21 (60) 57 (66.3)

t current or former smokers, ¥ Primary tumour, Abbreviations: uHGNEC, unclassified high-grade neuroendocrine carcinoma; SCLC,
small cell lung carcinoma; SD, Standard deviation; T, tumour size; N, lymph node; M, metastasis; IASLC, 8th edition TNM staging system
proposed by the International Association for the Study of Lung Cancer
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The comparison of OS and PFS between two groups
During a median follow-up of 41.6 (95% Cl: 36.41 - 46.79)
months, 97.5% of the entire study population (n = 118)
progressed and 94.2% of them (n = 114) died. The median
PFS was 7.40 (95% Cl 6.82 — 7.97) months. uHGNEC- and
SCLC groups had a similar PFS (7.30 vs 7.50 months, p =
0.94). The six-month, one-and two-year PES for the two
groups were also similar (Figure 2A). The median OS was
10.90 (95% C19.97 — 11.82) months. uHGNEC- and SCLC
groups had a similar median OS (12 vs 10.7 months, p =
0.51). The estimated OS rates for the uHGNEC group were
85.7% at 6 months, 45.7% at 12 months, and 20% at 24
months, while the estimated OS rates for the SCLC group
were 88.4%, 36% and 14 %, respectively. The six-month,
one- and two-year OS for the two groups were also similar

(Figure 2B).

Al — HeTooar B

Time (montne)

6:MONTHS 05  GMONTHS 1YEAR 2:-YEAR

UHGNEC 65.7% UHGNEC 85.7% 45.7% 20%

steL 709% steL 88.4% 36% 1%

palue 0s7 pvalue 0as 032 04

Figure 2: The progression-free survival (A) and overall sur-
vival (B) of uHGNEC and SCLC groups

The OS and PFS based on the IASCL stage between the two
groups were further evaluated using stratified analysis (Ta-
ble 2). No significant differences between the two groups
in both the locally-advanced (Figure 3A-3B) and advanced
subgroups (Figure 3C-3D) were found.

A c

vvvvvvvvv

Time (mortrs)

T monthe)

Figure 3: The progression-free survival and overall survival
of uHGNEC and SCLC groups according to the IASCL stage
subgroups (A-B Locally-advanced stage) (C-D Advanced
stage)

Abbreviations: SCLC, Small cell lung cancer; uHGNEC, Un-

classified high-grade neuroendocrine carcinoma

The prognostic factors of PFS and OS
in the entire study population
Nodal status (N2 and N3 involvement) and stage (ad-
vanced) were significantly associated with PFS in the
univariate Cox regression analysis (Table 3). However, no
covariates reached statistical significance in the multivari-
ate analysis. Laterality, nodal status and stage were signifi-
cantly associated with OS in the univariate analysis (Table
3). These covariates in the univariate analysis were further
evaluated in the multivariate analysis. A right-sided tu-
mour (HR: 1.558, 95%Cl 1.044 - 2.325, p = 0.03) and an
advanced stage disease (HR: 1.928, 95%Cl 1.292 - 2.877, p

=0.001) were poor prognostic factors for OS.
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Table 2. The progression-free survival and overall survival of patients

Variables

Estimate survival (95% Cl)

MEANa

MEDIAN

P value

Progression-free survival

All population

9.62 (8.35-10.89)

7.40 (6.82 - 7.97)

All-uHGNEC (n = 35)

9.87 (7.55 - 12.18)

7.30 (6.87 - 7.72)

AIl-SCLC (n = 86)

9.52(8.00 - 11.05)

7.50 (6.68 - 8.31)

Locally-advanced (n = 43)

11.10 (8.74 — 13.45)

8.60 (6.41 - 10.78)

LA-uHGNEC (n = 14)

11.55 (7.23 - 15.86)

7.20 (5.97 - 8.42)

LA-SCLC (n=29)

10.88 (8.03 - 13.73)

8.80 (6.41 - 10.78)

Advanced (n =78)

8.80(7.33 -10.27)

6.90 (6.30 - 7.49)

A-uHGNEC (n = 21)

8.67 (6.18 - 11.16)

7.40 (5.67 - 9.12)

A-SCLC (n =57)

8.85(7.05 - 10.64)

6.80 (6.15 — 7.44)

Overall survival

All population (n = 121)

15.41 (13.06 - 17.76)

10.90 (9.97 - 11.82)

All-uHGNEC (n = 35)

15.57 (11.78 - 19.36)

12 (8.05 - 15.94)

All-SCLC (n = 86)

14.94 (12.30 - 17.58)

10.70 (9.86 — 11.53)

Locally-advanced (n = 43)

20.72 (15.98 - 25.46)

14.90 (10.84 - 18.96)

LA-uHGNEC (n = 14)

20.34 (14.81 - 25.88)

18.50 (12.29 - 24.70)

LA-SCLC (n=29)

20.28 (14.25 - 26.31)

13.20 (11.26 - 15.13)

0.7

Advanced (n =78)

12.62 (10.27 - 14.97)

9.90 (8.49 - 11.30)

A-uHGNEC (n =21)

12.21 (7.80 - 16.61)

8.30 (7.40- 9.19)

A-SCLC (n = 57)

12.41 (9.97 - 14.85)

10.10 (9.26 - 10.93)

a Estimation is limited to the largest survival time if it is censored.
Abbreviations: uHGNEC, unclassified high-grade neuroendocrine carcinoma; SCLC, small cell lung carcinoma; 8th edition TNM staging
system proposed by the International Association for the Study of Lung Cancer
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Table 3. The univariate Cox regression analysis of progression-free survival and overall survival

Progression-free survival Overall survival
Variables HR 95% Cl p value HR 95% Cl1 p value
Age
< 65 (Ref.) 1 1
0.568 - 1.207 0.32 0.674 - 1.455 0.96
265 0.828 0.990
Sex
Female (Ref.) 1 1
0.673 - 2.073 0.56 0.521 - 1.605 0.75
Male 1.181 0.914
Comorbidity
No (Ref.) 1 1
0.545 - 1.236 0.34 0.738 - 1.691 0.6
Yes 0.820 1.117
Smoking
No (Ref.) 1 1
0.577 - 2.285 0.69 0.652 - 3.050 0.38
Yes 1.148 1.410
Histopathology
SCLC (Ref.) 1 1
0.679 - 1.518 0.94 0.756 - 1.739 0.52
uHGNEC 1.015 1.146
Laterality
Left (Ref.) 1 1
0.839 - 1.751 0.3 1.135 - 2.479 0.009
Right 1.212 1.677
Location
Peripheral (Ref.) 1 1
0.556 - 1.336 0.5 0.610 - 1.494 0.95
Central 0.862 0.955
Tumour size
<5 cm (Ref.) 1 1
0.658 - 1.768 0.76 0.490 - 1.301 0.36
>5cm 1.078 0.798
N status
N 0-1 (Ref) 1 1
1.107 - 3.142 0.01 0.985 - 3.043 0.05
N2-3 1.865 1.731
Stage
Locally-advanced (Ref.) 1 1
0.950 - 2.034 0.09 1.340 - 2.966 0.001
Advanced 1.390 1.994
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DISCUSSION
uHGNEC and SCLC groups have similar clinical features,
and apparent differences do not exist between the two

groups regarding survival outcomes in this study.

SCLC and LCNEC arise predominantly in older males
with a smoking history.® The presence of comorbidities is
also common in both subtypes of HGNEC, possibly due
to a strong association with smoking. However, SCLC is
a mostly centrally located tumour whereas LCNEC tends
to locate at the periphery lungs.! In our study, the SCLC
groups’ clinical features are consistent with data from the
literature, and the uHGNEC group shares similar clini-
cal features with the SCLC group. The majority of SCLC
patients with limited-stage cancer and nearly all patients
with the metastatic disease eventually develop tumour
progression, even if they respond to initial therapy.'> Me-
dian PFS was 6.3 months, with an estimated PFS rate of
53.8% at 6 months, 15.6% at 12 months, and 5.8% at 24
months in a previous study."* In our study, the estimat-
ed PFS rate for the SCLC group at 6 months was slightly
higher than those reported in the previous study, while
one- and two-year PFS were similar. The uHGNEC group
tended to have longer PFS as compared to the SCLC group,
though there was no significant difference. On the other
hand, previous studies evaluating metastatic LCNEC
treatment have reported that median PFS varies from 4.4
months to 6.2 months. The uHGNEC group had a longer
PFS than reported in these studies.® Poorer PFS of SCLC is
associated with several factors including male sex, increas-
ing age, smoking history and having worse performance
status.”® In our study, these covariates as well as histolog-
ical subtype were not found to be significantly associated
with PFS.

SCLC is a poorly differentiated tumour and has a high
mortality rate in comparison to other solid tumours.™
Since the five-year survival rate was increasing, the OS
was only 7 months according to the US SEER registry data
analysis for the 1983-2012 period. The prognosis of LC-

NEC is also poor, with a median OS of 8-12 months.* In
our study, the OS of the SCLC group was 10.7 months. uH-
CNEC group had a similar median OS (12 months) than
those reported in the SCLC group and patients with LC-
NEC reported in the literature. Furthermore, the previous
study with SCLC patients has reported a median OS of 9.5
months, with an estimated OS rate of 70.3% at 6 months,
38.9% at 12 months, and 14.8% at 24 months after diagno-
sis. The estimated OS rates the for SCLC- and uHGNEC
groups at 6 months were higher than the previous study,
while one- and two-year OS were similar."* The fact that
all patients finished at least the first-line therapy may have
allowed for the detection of slightly longer survival rates at
6 months in our study. To date, several negative prognostic
factors for SCLC and LCNEC have also been identified.”"
Male sex, increasing age, having worse performance status,
presence of comorbidities, having extensive stage disease
and receipt of no chemotherapy are independently asso-
ciated with poorer survival in SCLC.'*!” Older age and
mixed histology are significantly associated with prognosis
in LCNEC.” Right-sided tumour and advanced stage were
poor prognostic factors for OS, while histology was not as-

sociated with OS in our study.

So far, few studies are comparing the characteristics and
prognosis of HGNEC subtypes. Some studies have sug-
gested that genetic, genomic, phenotypic, and survival
outcome similarities exist between LCNEC and SCLC,
making it reasonable to be categorized them into a single
group as HGNEC."*” On the other hand, some studies
have found that patients with LCNEC have different char-
acteristics and better prognoses, emphasizing the need
for a detailed classification for HGNECs."* In our study,
there were no apparent differences between the uHGNEC
and SCLC groups in terms of clinical characteristics and
survival outcomes. It may be related to the fact that the
majority of them are actually SCLC. Another possible ex-
planation for this is that LCNEC and SCLC are two faces
of the same entity, which is HGNEC.
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There are several potential limitations. First, our study had
a retrospective design from a single hospital with a slightly
low number of patients, which may limit an interpretation
of the results due to the unrecognized bias. Second, there
was no information about the baseline performance sta-
tus of the patients as the study was retrospective. Third,
this study was performed on patients who had locally ad-
vanced and advanced due to a small number of patients

with early stage.

CONCLUSION
Patients with uHGNEC show similarities regarding clin-
ical features and survival outcomes to SCLC in the cur-
rent study. Our findings suggest that HGNEC patients
who cannot be classified pathologically behave like SCLC.
Nonetheless, prospective studies may provide considera-

ble insight to clarify the current topic.
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