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Lung carcinoid tumours: histology and Ki-67, the eternal rivalry

WHO classification of Thoracic Tumours defines lung
carcinoid tumours (LCTs) as well-differentiated neu-
roendocrine neoplasms (NENs) classified in low grade

typical (TC) and intermediate grade atypical carci-
noids (AC). Limited data exist concerning protein
expression and morphologic factors able to predict
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disease aggressiveness. Though Ki-67 has proved to
be a powerful diagnostic and prognostic factor for
Gastro-entero-pancreatic NENs, its role in lung NENs
is still debated. A retrospective series of 370 LCT from
two oncology centers was centrally reviewed. Mor-
phology and immunohistochemical markers (Ki-67,
TTF-1, CD44, OTP, SSTR-2A, Ascl1, and p53) were
studied and correlated with Overall Survival (OS),
Cancer-specific survival (CSS) and Disease-free sur-
vival (DFS). Carcinoid histology was confirmed in
355 patients: 297 (83.7%) TC and 58 (16.3%) AC.
Ki-67 at 3% was the best value in predicting DFS. Ki-
67 ≥ 3% tumours were significantly associated with
AC histology, stage III-IV, smoking, vascular

invasion, tumour spread through air spaces OTP neg-
ativity, and TTF-1, Ascl1 and p53 positivity. After
adjustment for center and period of diagnosis, both
Ki-67 (≥3 versus <3) and histology (AC versus TC)
alone significantly added prognostic information to
OS and CSS multivariable model with age, stage and
OTP; addition of both variables did not provide fur-
ther prognostic information. Conversely, an improved
significance of the DFS prediction model at multivari-
ate analysis was seen by adding Ki-67 (≥3 versus <3,
P adj = 0.01) to TC and AC histological distinction,
age, lymph node involvement, residual tumour and
OTP. Ki-67 ≥ 3% plays a potentially pivotal role in
LCT prognosis, irrespective of histological grade.

Keywords: lung carcinoid tumours, neuroendocrine neoplasms, Ki-67 index, OTP, immunohistochemistry

Introduction

Lung neuroendocrine tumours (Lu-NETs) comprise
low- and intermediate- grade well-differentiated carci-
noids, distinguished as typical (TC) and atypical carci-
noids (AC) according to mitotic count (MC) and
necrosis.1 In detail: TCs show <2 mitoses per 2 mm2

and absence of necrosis, while ACs show 2–10
mitoses and/or punctate foci of necrosis.2

TCs and ACs represent rare entities accounting for
approximately 1%–2% of all lung tumours with a TC
to AC ratio of 8–10:1.3, 4 The precise histologic dis-
tinction between TC and AC represents a crucial clin-
ical prognostic predictor, in fact, 5-year survival rate
for TC is 82%–100% while it is 50%–68% for AC.1

Although a few diagnostic and prognostic markers,
such as Orthopedia Homeobox (OTP) and the cell sur-
face receptor CD44,5, 6 have emerged and correlated
with patients’ prognosis and survival, the role of pro-
tein expression and morphologic factors able to pre-
dict disease aggressiveness and progression still
remain largely unknown. Even today, carcinoid diag-
nosis relies solely on morphologic parameters such as
MC and/or necrosis, while Ki-67 assessment is recom-
mended, but not mandatory. Diversely, in Gastro-
entero-pancreatic neuroendocrine neoplasms (GEP-
NENs), Ki-67 represents a standard marker, strongly
correlated with patients’ prognosis.7 Regarding to
lung carcinoids tumours (LCTs), increasing evidence
has however highlighted the fundamental role of Ki-
67 evaluation as a prognostic factor, providing new
insights to the current World Health Organization
(WHO) classification.8

The present study aims to evaluate the role of Ki-
67 proliferation index and to examine its correlation
with disease evolution and recently proposed
immunohistochemical markers, including OTP, CD44,
TTF-1, Ascl1, p53, and SSTR-2A on 355 cases of
LCTs (297 TCs and 58 ACs).

Materials and Methods

S T U D Y D E S I G N A N D C A S E S E L E C T I O N

The surgical pathology and clinical databases of two
Italian oncology centers (Fondazione IRCCS Istituto
Nazionale dei Tumori – INT, Milan and ASST Spedali
Civili di Brescia – Brescia), between 1988 to 2018,
were retrospectively searched for one of the following
histologic diagnoses: “typical lung carcinoid”, “atypi-
cal lung carcinoid”, “lung carcinoid tumor”, “periph-
eral carcinoid”, and “bronchial carcinoid”. Exclusion
criteria were: (1) cases which had not undergone sur-
gical resection with curative intent; (2) cases with
poorly differentiated neuroendocrine components; (3)
cases for which only bioptic samples were available;
(4) cases in which the primary was of dubious lung
origin (eg. lung metastases from other sites). A total
of 370 candidate cases were identified and the study
was performed according to the clinical standards of
the 1975 and 1983 Declaration of Helsinki and was
approved by the Ethics Committee of Fondazione
IRCCS INT (No. INT 171/16).
The patients’ charts and tumour morphology were

centrally and blindly reviewed by expert pathologists
in Lu-NET prior to inclusion in the study (M.M. and
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C.C). Carcinoid identification and morphologic char-
acterization were based on parallel investigation of at
least three consecutive sections from representative
FFPE blocks, stained with haematoxylin–eosin (H&E),
and for Synaptophysin (Syn) and Chromogranin A
(ChgA). A total of 355 cases met all the carcinoid
morphologic criteria of the current WHO Classifica-
tion of Thoracic Tumours (WHO-TT 2021) and were
included in the study.1 The cases excluded from the
study were: 5 tumorlets, 2 adenocarcinomas, 4 large
cell neuroendocrine carcinomas, 1 combined large
cell neuroendocrine carcinoma with adenocarcinoma,
2 large cell carcinomas and 1 NE-cell hyperplasia.

H I S T O L O G I C A N A L Y S I S A N D

I M M U N O H I S T O C H E M I S T R Y

Morphologic analysis considered: (a) well differenti-
ated neuroendocrine morphology; (b) architectural
pattern of the tumour registered as: (1) trabecular/
nesting/organoid and (2) insular/solid; (c) MC
recorded per 2 mm2 and evaluated in the areas of
highest mitotic activity in which the entire micro-
scopic field consisted of tumour cells according the
guidelines WHO-TT 2021; (d) presence/absence of
necrosis; (e) pathologic tumour staging according to
the Union for International Cancer Control/American
Joint Committee on Cancer (UICC/AJCC) 8th edition;
(f) vascular invasion (evaluated on H&E- and/or
CD31-stained sections); (g) perineural invasion; (h)
intra and/or peritumoral lymphocyte infiltrate; (i)
microscopic invasion of bronchial wall or pleura, (j)
tumour spread through air spaces (STAS).
The immunohistochemical (IHC) study included:

Synaptophysin and Chromogranin-A in order to con-
firm the diagnosis of lung NEN; Ki-67 labeling index
calculation, using the MIB antibody as a percentage
of positive cells in 500–2.000 tumour cells counted
in areas of strongest nuclear labeling (“hot spots”) as
indicated in the WHO 2019 Digestive System
Tumours; thyroid transcription factor 1 (TTF-1),
CD44, orthopedia homeobox protein (OTP), somato-
statin receptor 2A (SSTR-2A), mammalian achaete-
scute homologue 1 (Ascl1), and p53 using the anti-
bodies listed in Table S1.
To minimize assessment variability, with the excep-

tion of p53 and SSTR-2A, all markers were consid-
ered positive regardless of the number of positive
cells. p53 were evaluated using 4 levels: Absent (no
expression), weak heterogeneous (scatterd and weak
staining in 1%–20% of tumour cells), heterogeneous
(variable expression in 21%–60% of tumour cells)
and overexpressed (strong p53 staining in more than

60% of tumour cells). Immunoreactivity and scores
for SSTR-2A were evaluated using a two-tiered sys-
tem as suggested by Volante et al. negative for scores
of 0 and 1 and positive for 2 and 3 positivity.9 For
OTP, TTF-1 and Ascl1 only nuclear staining was con-
sidered, while for CD44 only membranous cytoplas-
mic staining was registered.

S T A T I S T I C A L A N A L Y S I S

Data were analysed by descriptive statistics. Associa-
tions between demographic characteristics, clinico-
pathological features and Ki-67 groups (≥3% versus
<3%), were assessed using the Fisher exact test for
categorical variables and the nonparametric Wil-
coxon test for continuous variables.
Ki-67 cut-off values that best identify subjects with

early relapse (within 4 years from surgery) were eval-
uated with receiver operating characteristic (ROC)
curve analysis. The area under the curve (AUC) was
calculated to determine the diagnostic value of the
test. The optimal cut-off value for Ki-67 was deter-
mined using the Youden index, which maximizes sen-
sitivity and specificity. OS and CSS were assessed
from the date of diagnosis to date of death for any
cause or tumour-associated death, respectively. DFS
was assessed from the date of diagnosis to the date of
first relapse, tumour-associated death or last follow-
up, whichever occurred first. Deaths unrelated to can-
cer were censored in the CSS or DFS survival analy-
sis. CSS and DFS curves were drawn using the
Kaplan–Meier method. The log-rank test was used to
assess the survival difference between patient groups.
Pearson’s correlation coefficients was used to corre-
late Ki-67 proliferative index with duration of block
storage. Univariable and multivariable Cox propor-
tional regression models were used to assess the asso-
ciation between clinico-pathologic characteristics and
OS, DFS and CSS. Variables that had a statistically
significant (P < 0.1) association with the outcomes in
univariate were added to a Cox proportional regres-
sion analysis. Manual backward elimination was used
to determine the best combination of predictors priori-
tizing the clinically relevant variables. Hazard ratio
(HR) are presented with respective 95% confidence
interval (CI). For multivariable analyses, each vari-
able was added separately to a baseline model to
determine the prognostic information added by inclu-
sion of the variable of interest. Changes in likelihood
ratio values (LR�Dv2) were used to measure and
compare the relative amount of information of one
model compared to the other. Data analysis was per-
formed using the R environment for statistical
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computing and graphics (R Foundation, Vienna, Aus-
tria - Version 4.0.3). All tests were two-sided and P-
values <0.05 were considered statistically significant.

Results

C L I N I C O P A T H O L O G I C F E A T U R E S A N D T R E A T M E N T

The flowchart and the main clinicopathological fea-
tures of the 355 carcinoid patients included in the study
are summarized in Figure 1 and Table S2, respectively.
Overall, pathologic review identified 297 (83.7%) TCs
and 58 (16.3%) ACs. The whole cohort comprised more
females than males (62.3% versus 37.7%) with a med-
ian age of 60 years. The series included 264 (74.4%)
stage I, 48 (13.5%) stage II, 33 stage III (9.3%) and 10
(2.8%) stage IV tumours. The most advanced surgicaly-
resected tumours (stage III-IV) were ACs while TCs had
the highest number of stage I cases. Former and current
smokers had mostly AC (35.1% and 36.8%, respec-
tively). All patients underwent surgical resection with
curative intent, including 105 (29.6%) segmentec-
tomies or wedge resections, 213 (60.0%) lobectomies
and 37 (10.4%) bilobectomies or pneumonectomies.
Data on treatment (pre- and/or postoperative) were
available for 217 (61.1%) patients: 14 (6.5%) received
somatostatin analogues, 5 (2.3%) chemotherapy, 2
(0.9%) radiotherapy, 3 (1.4%) combined chemo-

radiotherapy and 193 (88.9%) did not receive any
treatment at all.

P R O L I F E R A T I O N A S S E S S M E N T A N D M O R P H O L O G I C

F E A T U R E S

Ki-67 labelling index was evaluated for 317 (89.3%)
patients with a median of 1.1% and range from 0%
to 26%. ACs showed statistically significant higher
Ki-67 values compared to TC (P < 0.0001). Three
cases showed a Ki-67 index >20% and were consid-
ered as highly proliferative carcinoids/grade 3 NETs.
Using ROC curve analysis, we identified 3% as the
best cut-off value for Ki-67 to predict disease free sur-
vival (AUC = 0.74) and time dependent AUC curve
demonstrated that this cut-off was reliable through-
out the duration of follow-up (Figure 2). Application
of this cut-off divided the entire cohort into two
groups: 260 (82.0%) with low Ki-67 (<3%) and 57
(18.0%) with high Ki-67 (≥3%) (Table 1). Tumours
with high Ki-67 were associated with AC histology
(n = 46, 80.7%, P < 0.0001), stage III-IV (n = 15,
26.3%, P = 0.004), former and current smoking sta-
tus (n = 17, 32.7% and n = 22, 42.3%, P = 0.001),
presence of necrosis (n = 14, 24.6%, P < 0.0001),
vascular invasion (n = 20, 37.0%, P = 0.01), peritu-
moral lymphocyte infiltrate (n = 17, 32.7%,
P = 0.02), presence of STAS (n = 20, 39.2%,

n = 370 Lung Carcinoid Tumors indentified from
Pathology and Clinical databases of 2 Italian

institutions:

n = 355 Lung Carcinoid Tumors classified
according 2021 World Health Organization
(WHO) classification of Thoracic tumors:

n = 297 Typical Carcinoid
n = 58 Atypical Carcinoid

n = 57 Ki-67 ≥ 3
n = 260 Ki-67 < 3

Morphology and Immunohistochemistry
centrally reviewed

Ki-67 labeling index evaluated according
WHO 2019 Digestive System Tumors

guidelines

n = 317 evaluable Ki-67 labeling index

Figure 1. Workflow of the study.
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P < 0.0001) and solid morphologic pattern (n = 39,
70.9%, P < 0.0001).

K I - 6 7 L A B E L L I N G I N D E X E V A L U A T E D O V E R T H E

T I M E

Ki-67 labelling staining amounts are known to
decrease over time, appearing less in older tissue
blocks.10 Indeed, in Figure S1 we reported that there
was a significant mild negative correlation between Ki-
67 labelling index and duration of block storage (Pear-
son’s correlation coefficient = �0.18, P = 0.0012).
Therefore we adjusted all the univariable and multi-
variable analysis for period of diagnosis, categorized in
decades, in order to avoid time-dependent effects that
can impact survival.

I M M U N O H I S T O C H E M I C A L M A R K E R S

The distribution of all investigated IHC markers
were reported in Table 2 and Table S3. Nuclear
OTP expression was more often present in the low Ki-
67 group (n = 177, 78.7% P < 0.0001). Positive
immunoreactivities for Ascl1 and TTF-1 were
detected in 91 (32.2%) and 49 (17.1%) of all carci-
noids, respectively; specifically, in the low Ki-67
group, expression of Ascl1 and TTF-1 were found in
61 (26.8%) and in 30 (13.0%) of the patients, respec-
tively, while in the high Ki-67 group, there were 30

(54.5%) Ascl1 positive cases and 19 (34.5%) TTF-1
positive cases with statistically significant differences
between groups. Expression of p53 was observed
mainly in high Ki-67 group (n = 6, 11.1% weak
heterogenus and n = 1 1.9% overexpressed,
P < 0.0001). Finally, SSTR-2A and CD44 expression
were not significantly different in the two subgroups.

O V E R A L L , C A N C E R - S P E C I F I C A N D D I S E A S E - F R E E

S U R V I V A L

Overall, 58 patients (16.3%) showed tumour-
associated deaths out of 78 (22.0%) total deaths.
Survival analysis showed that patients with high Ki-

67 and those with AC had significantly worse OS and
CSS than patients with low Ki-67 and TC, respectively
(P < 0.0001, Figure 3A, B, Table 3). Contrarily,
patients with stage I-II and OTP expression, had a sig-
nificantly better OS and CSS than patients with stage
III-IV disease and absence of OTP, respectively
(P < 0.0001; Table 3 and Figure 3C). Univariate anal-
ysis showed that 10-year age increase (P < 0.0001),
high Ki-67 (P < 0.0001), positive STAS (P = 0.05),
presence of TTF-1 (P = 0.03) and Ascl1 (P = 0.01)
and absence of CD44 (P = 0.007) were associated with
poor CSS. Interestingly, patients with SSTR-2A positiv-
ity (intensity 2–3) showed improved survival compared
to patients with low or absent expression (P = 0.008,
Table 3 and Figure 3D).
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Table 1. Characteristics of patients with LCTs according to the Ki-67 cut-off 3%

All patients# Ki-67 < 3% Ki-67 ≥ 3% P-value*

Total 317 (100) 260 (100) 57 (100)

Gender

Female 199 (62.8) 170 (65.4) 29 (50.9)

Male 118 (37.2) 90 (34.6) 28 (49.1) 0.05

Age

<50 years 86 (27.1) 72 (27.7) 14 (24.6)

50–59 years 66 (20.8) 58 (22.3) 8 (14.0)

60–69 years 103 (32.5) 76 (29.2) 27 (47.4)

70+ years 62 (19.6) 54 (20.8) 8 (14.0) 0.07

Histology

Typical 259 (81.7) 248 (95.4) 11 (19.3)

Atypical 58 (18.3) 12 (4.6) 46 (80.7) <0.0001

Stage

I 233 (73.5) 200 (76.9) 33 (57.9)

II 44 (13.9) 35 (13.5) 9 (15.8)

III 30 (9.5) 20 (7.7) 10 (17.5)

IV 10 (3.1) 5 (1.9) 5 (8.8) 0.004

Smoke

Never smoker 97 (45.8) 84 (52.5) 13 (25.0)

Former smoker 56 (26.4) 39 (24.4) 17 (32.7)

Current smoker 59 (27.8) 37 (23.1) 22 (42.3) 0.001

Mitoses

Median [range] 1 [0–10] 0 [0–4] 3 [1–10] <0.0001

Necrosis

Absent 302 (95.3) 259 (99.6) 43 (75.4)

Spot 7 (2.2) 1 (0.4) 6 (10.5)

Extensive 8 (2.5) 0 (0.0) 8 (14.1) <0.0001

Location

Central 124 (62.3) 89 (60.5) 35 (67.3)

Peripheral 75 (37.7) 58 (39.5) 17 (32.7) 0.4

Vascular Invasion

Absent 225 (77.3) 191 (80.6) 34 (63.0)

Present 66 (22.7) 46 (19.4) 20 (37.0) 0.01
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Table 1. (Continued)

All patients# Ki-67 < 3% Ki-67 ≥ 3% P-value*

Perineural Invasion

Absent 266 (91.4) 218 (92.0) 48 (88.9)

Present 25 (8.6) 19 (8.0) 6 (11.1) 0.4

Intratumoral lymphocyte infiltrate

Absent 242 (81.5) 199 (81.9) 43 (79.6)

Present 55 (18.5) 44 (18.1) 11 (20.4) 0.7

Peritumoral lymphocyte infiltrate

Absent 239 (79.4) 204 (81.9) 35 (67.3)

Present 62 (20.6) 45 (18.1) 17 (32.7) 0.02

Microscopic invasion

Absent 84 (28.9) 81 (33.8) 3 (5.9)

Positive STAS 50 (17.2) 30 (12.5) 20 (39.2)

Bronchus 133 (45.7) 110 (45.8) 23 (45.1)

Extra-lung 24 (8.2) 19 (7.9) 5 (9.8) <0.0001

Rindi Grade

Grade 1 243 (78.6) 222 (87.1) 21 (38.9)

Grade 2–3 66 (21.4) 33 (12.9) 33 (61.1) <0.0001

Morphological pattern

Insular/solid 121 (38.7) 82 (31.8) 39 (70.9)

Trabecular/nested/organoid 184 (58.8) 171 (66.3) 13 (23.6)

Other 8 (2.5) 5 (1.9) 3 (5.5) <0.0001

Residual tumour

R0 237 (90.5) 195 (92.4) 42 (82.4)

R1–R2 25 (9.5) 16 (7.6) 9 (17.6) 0.04

Surgery

Lobectomy 192 (60.6) 161 (61.9) 31 (54.4)

Bilobectomy/pneumonectomy 35 (11.0) 24 (9.2) 11 (19.3)

Partial resection 90 (28.4) 75 (28.9) 15 (26.3) 0.1

Tumour associated deaths

No 262 (82.7) 225 (86.5) 37 (64.9)

Yes 55 (17.4) 35 (13.5) 20 (35.1) 0.0003

Statistically significant P-value are reported in bold. LCTs, Lung carcinoids tumours; STAS, Spread trough air spaces.
#Patients where Ki-67 was evaluable.

*P-value based on the Fisher’s exact for categorical variables and the Wilcoxon test for continuous variables.
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In the entire cohort, 79 (22.3%) patients experi-
enced a tumour-associated event. Kaplan–Meier anal-
ysis shows that patients with high Ki-67 and those
with AC morphology had significantly worse DFS
than patients with low Ki-67 and TC morphology,
respectively (log-rank P < 0.0001; Figure 4A, B). In
addition, patients without lymph node involvement
had a significantly better DFS than patients with
metastatic lymph nodes (P < 0.0001; Figure 4C).
Furthermore, patients with OTP positive tumours had
superior DFS than those without OTP expression
(P < 0.0001; Figure 4D). At univariate analysis
(Table 3), significant clinico-pathologic predictors of
poorer DFS among the whole cohort were: 10-year
age increase (P < 0.0001), pT (P < 0.0001),
advanced tumour stage (P < 0.0001), positive STAS

(P = 0.008), solid architectural pattern (P = 0.01)
and residual tumour (P = 0.01). Positive immunore-
activities for TTF-1 (P = 0.03), Ascl1 (P = 0.03) and
p53 (P = 0.005) were also correlated with worst
prognosis while positivity for CD44 (P = 0.02) was
correlated with better prognosis.

M U L T I V A R I A B L E A N A L Y S I S A N D P R O G N O S T I C

I N F O R M A T I O N A M O N G M O D E L S

Multivariable cox proportional regression analysis is
reported in Table 4. After adjustment for center and
period of diagnosis, AC histology (HR 3.68, 95% CI,
1.91–7.08, P < 0.0001) and high Ki-67 (HR 3.35,
95% CI, 1.72–6.53, P = 0.0004) were the strongest
predictors of CSS together with age (10-year

Table 2. Association between selected tumour biomarkers and Ki-67 cut-off 3% in patients with LCTs

All patients# Ki-67 < 3% Ki-67 ≥ 3% P-value*

Ttf1

Absent 237 (82.9) 201 (87.0) 36 (65.5)

Present 49 (17.1) 30 (13.0) 19 (34.5) 0.0005

Sstr2

Absent 110 (38.6) 85 (37.0) 25 (45.5)

Present 175 (61.4) 145 (63.0) 30 (54.5) 0.3

Otp

Absent 76 (27.1) 48 (21.3) 28 (50.9)

Present 204 (72.9) 177 (78.7) 27 (49.1) <0.0001

Cd44

Absent 120 (42.6) 93 (41.0) 27 (49.1)

Present 162 (57.4) 134 (59.0) 28 (50.9) 0.3

Ascl1

Absent 192 (67.8) 167 (73.2) 25 (45.5)

Present 91 (32.2) 61 (26.8) 30 (54.5) 0.0002

P53

Absent 278 (97.2) 231 (99.6) 47 (87.0)

Weak heterogeneous 7 (2.4) 1 (0.4) 6 (11.1)

Heterogeneous 0 (0.0) 0 (0.0) 0 (0.0)

Overexpressed 1 (0.4) 0 (0.0) 1 (1.9) <0.0001

Statistically significant P-value are reported in bold. Ascl1, mammalian achaete-scute homologue 1; LCTs, lung carcinoids tumours; OTP,

orthopedia homeobox protein; SSTR-2A, somatostatin receptor 2A; TTF-1, thyroid transcription factor 1.
#Patients where Ki-67 was evaluable.

*P-value based on the Fisher’s exact Test for categorical variables.
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increase), tumour stage (III-IV versus I-II) and OTP
(present versus absent). Similar results were reported
for OS. In terms of DFS, AC histology (HR 4.15, 95%
CI, 2.19–7.88, P < 0.0001) and high Ki-67 (HR
5.23, 95% CI, 2.73–10.02, P < 0.0001) were again
the strongest prognostic factors, together with age
(10-year increase), lymph node involvement (N1/2/3

versus 0), residual tumour (R1/2 versus R0) and
OTP (present versus absent).
Due to the strong correlation of Ki-67 based sub-

groups with histologic class, we evaluated the prog-
nostic information obtained by the addition of Ki-67,
histology or both to multivariable models, in terms of
OS, CSS and DFS. Specifically for CSS, either Ki-67
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Figure 3. CSS in LCTs according to selected characteristics. A. Ki-67 cut-off 3%; B. WHO class; C. OTP expression; D. SSTR-2A expression.

Abbreviations: CSS, cancer-specific survival; LCTs, lung carcinoids tumours; WHO, World Health Organization; OTP, orthopedia homeobox

protein; SSTR-2A, somatostatin receptor 2A.

� 2022 The Authors. Histopathology published by John Wiley & Sons Ltd., Histopathology, 82, 324–339.

332 G Centonze et al.



Table 3. Univariate* analysis of overall survival, cancer-specific survival and disease-free survival of patients with LCTs

Variable
Overall survival
HR (95% CI) P-value

Cancer specific
survival HR
(95% CI) P-value

Disease free
survival#

HR (95% CI) P-value

Sex (Male versus Female) 0.86 (0.54–1.37) 0.53 0.81 (0.47–1.39) 0.44 0.97 (0.59–1.60) 0.92

Age (10-years increase) 2.13 (1.71–2.65) <0.0001 1.89 (1.48–2.40) <0.0001 1.52 (1.23–1.86) <0.0001

Smoke

Never smoker 1.00 1.00 1.00

Former smoker 1.29 (0.63–2.63) 0.48 1.50 (0.67–3.35) 0.32 0.90 (0.42–1.89) 0.77

Current smoker 0.77 (0.38–1.56) 0.46 1.02 (0.45–2.29) 0.96 1.24 (0.64–2.40) 0.53

Histotype (AC versus TC) 4.46 (2.68–7.43) <0.0001 5.20 (3.01–8.99) <0.0001 5.16 (3.14–8.49) <0.0001

T (2–3-4 versus 1) 1.19 (0.74–1.93) 0.47 1.90 (1.12–3.22) 0.02 2.72 (1.68–4.41) <0.0001

N (1/2/3 versus 0) 2.75 (1.63–4.64) 0.0001 3.32 (1.88–5.87) <0.0001 3.44 (2.05–5.77) <0.0001

Stage (III-IV versus I-II) 4.68 (2.67–8.18) <0.0001 4.23 (2.34–7.64) <0.0001 3.68 (2.06–6.59) <0.0001

Mitoses (1 point increase) 1.46 (1.30–1.63) <0.0001 1.45 (1.29–1.63) <0.0001 1.38 (1.25–1.53) <0.0001

Necrosis

Absent 1.00 1.00 1.00

Spot 5.02 (1.85–13.59) 0.001 5.04 (1.84–13.87) 0.002 5.26 (1.93–14.32) 0.002

Extensive 4.81 (1.66–13.96) 0.004 5.44 (1.84–16.10) 0.002 12.46 (4.77–32.54) <0.0001

Ki-67 (≥3 versus <3) 4.96 (2.82–8.72) <0.0001 5.09 (2.84–9.13) <0.0001 5.95 (3.57–9.94) <0.0001

Vascular Invasion
(Present versus Absent)

0.86 (0.48–1.54) 0.62 0.97 (0.50–1.87) 0.92 1.26 (0.70–2.28) 0.43

Perineural Invasion
(Present versus Absent)

0.59 (0.22–1.64) 0.31 0.61 (0.19–1.97) 0.41 0.68 (0.25–1.88) 0.46

Intratumoral lymphocyte
infiltrate (Present versus Absent)

0.91 (0.48–1.70) 0.76 0.88 (0.42–1.81) 0.72 0.97 (0.51–1.82) 0.91

Peritumoral lymphocyte
infiltrate (Present versus Absent)

1.74 (1.04–2.95) 0.04 1.54 (0.83–2.85) 0.17 1.12 (0.61–2.05) 0.71

Location (Peripheral versus Central) 1.20 (0.65–2.22) 0.56 0.85 (0.41–1.76) 0.66 0.69 (0.37–1.31) 0.26

Microscopic infiltration

Absent 1.00 1.00 1.00

Positive STAS 2.21 (1.10–4.45) 0.03 2.24 (1.02–4.91) 0.05 2.76 (1.31–5.85) 0.008

Bronchus 0.70 (0.37–1.34) 0.28 0.71 (0.34–1.48) 0.36 0.97 (0.49–1.92) 0.93

Extra-lung 1.01 (0.37–2.81) 0.98 0.64 (0.17–2.44) 0.52 1.17 (0.35–3.87) 0.80

Rindi Grade (Grade 2–3 versus 1) 1.77 (0.97–3.22) 0.06 2.21 (1.14–4.31) 0.02 1.87 (1.01–3.47) 0.05

Morphological pattern
(Trabecular/nested/
organoid versus Insular/solid)

0.63 (0.38–1.04) 0.07 0.64 (0.36–1.12) 0.12 0.51 (0.30–0.86) 0.01

Residual Tumour (R1/2 versus R0) 1.83 (0.76–4.38) 0.18 1.68 (0.65–4.35) 0.29 2.55 (1.23–5.29) 0.01
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alone (≥3 versus <3, P adj = 0.0008) or histology
alone (AC versus TC, P adj = 0.0002) significantly
added prognostic information to a multivariable
model including center, period of diagnosis, age, stage
and OTP (P adj < 0.0001). Similar results were
reported for OS. In these two models, the addition of
both variables did not provide further prognostic
information.
For DFS, again, either Ki-67 alone (≥3 versus <3, P

adj < 0.0001) or histology alone (AC versus TC, P
adj = 0.0003) significantly added prognostic informa-
tion to a multivariable model. Interestingly, however,
multivariable analysis showed an improved signifi-
cance of the prediction model by adding Ki-67
(LR�Dv2 = 6.3, P adj = 0.01) to center, period of
diagnosis, age, lymph involvement, residual tumour,
OTP and histology, while addition of histology
(LR�Dv2 = 0.7, P adj = 0.40) to a model containing
Ki-67 did not improve significantly prognostic infor-
mation (Table 5).

Discussion

The recent WHO-2021 criteria and terminology of
Lu-NETs has remained largely unchanged from the
2015 prior edition, meaning that diagnostic and
prognostic challenges, debated in recent years,
remain unresolved.11 The classification of well-
differentiated carcinoid tumours is still based on mito-
tic cut-off of 2 per 2 mm2 and/or presence of necro-
sis, however no significant improvements in
predicting clinical outcome have become available
yet. In addition, the prognostic and diagnostic role of

Ki-67 index is still much debated, although it is cur-
rently a standard marker for grading of digestive tract
NENs.
In this study we characterized the morphologic,

proliferative and immunophenotypic aspects of a
large series of LCTs with the purpose of evaluating
the morphologic factors, protein expression and role
of Ki-67 index with the aim of understanding and
providing new insights into the biology and aggres-
siveness of these rare tumours. Our study demon-
strates that Ki-67 index, specifically with a 3% cut-
off, is a strong prognostic marker for LCTs, strongly
associated with post-operative recurrence, and there-
fore it should be implemented in diagnostic routine
workflow.
Several studies have demonstrated the diagnostic role

and predictive value of Ki-67 index in LCTs.12–15 In par-
ticular, Clay et al. showed 3.5% as the best cut-off value
of Ki-67 to distinguish AC from TC with excellent diag-
nostic performance at ROC analysis.13 Moreover, a
recent paper by Dermawan et al. showed that Ki-67
index was the only significant predictor of tumour
recurrence on multivariate analysis among all LCTs:
these authors reported a cut-off of 5% by ROC, probably
due to a clearly enriched cohort of TCs, with only 11 AC
samples.15 Our results support the key role of 3% cut-off
for Ki-67 as a prognostic factor in all LCTs. Interestingly,
the 3% cut-off is currently a standard key-point for grad-
ing and distinguishing low grade NET G1 from interme-
diate grade NET G2 in GEP-NENs.7 Similarly, this cut-off
has been suggested for classifying lung well differenti-
ated NETs in grades 1, 2 and 3 according to the unifying
nomenclature proposed by the International Agency for

Table 3. (Continued)

Variable
Overall survival
HR (95% CI) P-value

Cancer specific
survival HR
(95% CI) P-value

Disease free
survival#

HR (95% CI) P-value

TTF1 (Present versus Absent) 2.18 (1.14–4.17) 0.02 2.15 (1.09–4.27) 0.03 1.92 (1.07–3.47) 0.03

CD44 (Present versus Absent) 0.41 (0.24–0.68) 0.0007 0.46 (0.26–0.81) 0.007 0.54 (0.33–0.89) 0.02

OTP (Present versus Absent) 0.31 (0.19–0.52) <0.0001 0.28 (0.16–0.49) <0.0001 0.28 (0.17–0.48) <0.0001

SSTR2 (Present versus Absent) 0.52 (0.32–0.86) 0.01 0.47 (0.27–0.82) 0.008 0.68 (0.41–1.12) 0.13

Ascl1 (Present versus Absent) 2.44 (1.48–4.03) 0.001 2.10 (1.20–3.69) 0.01 1.73 (1.04–2.87) 0.03

P53 (Present versus Absent) 2.29 (0.71–7.37) 0.16 1.91 (0.46–7.87) 0.37 4.45 (1.58–12.54) 0.005

Statistically significant P-value are reported in bold. Ascl1, mammalian achaete-scute homologue 1; CCS, cancer-specific survival; DFS,

disease-free survival; LCTs, lung carcinoids tumours; OS, overall survival; OTP, orthopedia homeobox protein; SSTR-2A, somatostatin recep-

tor 2A; STAS, spread trough air spaces; TTF-1, thyroid transcription factor 1.

*Adjusted for center and period of diagnosis categorized in decades (<1998, 1998–2007, 2008–2018).
#Evaluated on Stage I-II-III patients only.
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Research on Cancer (IARC) and the 2019 WHO Classifi-
cation of Digestive System NEN (DiS NEN WHO
2019).7,16 Moreover, a recent study demonstrated that
stratifying bronco-pulmonary NENs according to DiS
NEN WHO 2019 criteria results in three prognostically

well-defined NET groups when grading is solely based
on Ki-67 index.17 In this setting we reported three
(0.8%) highly proliferative carcinoids, specifically with
Ki-67 > 20%: these cases are uncommon in the lung
and mostly correspond to those classified as NET G3 in
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Figure 4. DFS in LCTs according to selected characteristics. A. Ki-67 cut-off 3%; B. WHO class; C. lymph node involvement; D. OTP expres-

sion. Abbreviations: DFS, disease-free survival; LCTs, lung carcinoids tumours; WHO, World Health Organization; OTP, orthopedia homeobox

protein. [Color figure can be viewed at wileyonlinelibrary.com]
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the digestive tract.1 Studies focused on this rare entity
are still scant. In particular an interesting recent study
carried out by Rubino et al. showed that highly prolifer-
ative LCTs had a higher recurrence rate and a lower
median OS than conventional lung carcinoids.18 In our
study the recurrence rate of three highly proliferative
carcinoids was 67% (2/3); for the third case, data of
recurrence were not available, and the CSS was
22 months.
As MC is likely proportional to Ki-67, tumours with

Ki-67 ≥ 3% are strongly associated with AC histol-
ogy. Indeed, both WHO tumour histology (AC versus
TC) and Ki-67 (≥3 versus <3), taken individually,

represent the prognostically strongest factors in terms
of OS, DFS and CSS in multivariate models. Interest-
ingly, adding both variables did not provide further
significant prognostic information in CSS and OS
models. These results could highlight a substantial
overlap of prognostic groups which could fit in with a
recent report on the association of mitotic rate and
Ki-67 at gene and pathway level based on transcrip-
tomic data.19 In this study, the authors suggest that
the integration of mitotic index and Ki-67 markers
into the diagnostic framework could potentially be
redundant, since both these markers govern a similar
set of biological mechanisms.19 Contrarily, we

Table 4. Multivariable* models for overall survival, cancer-specific survival and disease-free survival of patients with LCTs

Variable
OS multivariable
model I HR (95% CI) P-value

OS multivariable
model II HR (95% CI) P-value

Age (10-years increase) 2.15 (1.66–2.79) <0.0001 2.20 (1.69–2.86) <0.0001

Histotype (AC versus TC) - 3.38 (1.83–6.25) <0.0001

Stage (III-IV versus I-II) 2.94 (1.60–5.40) 0.0005 2.82 (1.54–5.19) 0.0008

Ki-67 (≥3 versus <3) 3.41 (1.78–6.54) 0.0002 -

OTP (Present versus Absent) 0.47 (0.26–0.85) 0.01 0.49 (0.27–0.88) 0.02

Variable
CSS Multivariable
Model I HR (95% CI) P-value

CSS Multivariable
Model II HR (95% CI) P-value

Age (10-years increase) 1.92 (1.45–2.55) <0.0001 1.97 (1.49–2.62) <0.0001

Histotype (AC versus TC) - 3.68 (1.91–7.08) <0.0001

Stage (III-IV versus I-II) 2.71 (1.44–5.10) 0.002 2.58 (1.37–4.86) 0.003

Ki-67 (≥3 versus <3) 3.35 (1.72–6.53) 0.0004 -

OTP (Present versus Absent) 0.42 (0.23–0.79) 0.007 0.46 (0.24–0.86) 0.02

Variable
DFS# Multivariable
Model I HR (95% CI) P-value

DFS# Multivariable
Model II HR (95% CI) P-value

Age (10-years increase) 1.52 (1.20–1.93) 0.0006 1.61 (1.26–2.05) 0.0001

Histotype (AC versus TC) - 4.15 (2.19–7.88) <0.0001

N (1/2/3 versus 0) 3.61 (1.94–6.72) <0.0001 2.87 (1.54–5.35) 0.0009

Ki-67 (≥3 versus <3) 5.23 (2.73–10.02) <0.0001 -

OTP (Present versus Absent) 0.47 (0.26–0.85) 0.01 0.50 (0.27–0.93) 0.03

Residual Tumour (R1/2
versus R0)

1.93 (0.84–4.43) 0.12 2.58 (1.13–5.88) 0.02

Statistically significant P-value are reported in bold. CCS, cancer-specific survival; DFS, disease-free survival; LCTs, lung carcinoids tumours;

OS, overall survival; OTP, orthopedia homeobox protein.

*Adjusted for center and period of diagnosis categorized in decades (<1998, 1998–2007, 2008–2018).
#Evaluated on Stage I-II-III patients only.
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Table 5. Prognostic information among models used in terms of overall survival, cancer-specific survival and disease-free
survival

Overall survival
2 log
likelihood LR�Dv2 DF P-value

Adjusted
P-value✝

Without covariates 700.6 -

Center + Period of diagnosis + Age + Stage + OTP 622.1 78.5 6 <0.00001 < 0.00001

Center + Period of diagnosis + Age + Stage + OTP + Ki-67 609.2 12.9 1 0.0003 0.0005

Center + Period of diagnosis + Age + Stage + OTP + Ki-67 + Histotype 607.3 1.9 1 0.17 0.17

Without covariates 700.6 -

Center + Period of diagnosis + Age + Stage + OTP 622.1 78.5 6 <0.00001 < 0.00001

Center + Period of diagnosis + Age + Stage + OTP + Histotype 608.0 14.1 1 0.0002 0.0003

Center + Period of diagnosis + Age + Stage + OTP + Histotype + Ki67 607.3 0.7 1 0.40 0.40

Cancer specific survival

Without covariates 573.4 -

Center + Period of diagnosis + Age + Stage + OTP 516.1 57.3 6 <0.00001 < 0.00001

Center + Period of diagnosis + Age + Stage + OTP + Ki-67 504.1 12.0 1 0.0005 0.0008

Center + Period of diagnosis + Age + Stage + OTP + Ki-67 + Histotype 501.4 2.7 1 0.10 0.10

Without covariates 573.4 -

Center + Period of diagnosis +Age + Stage + OTP 516.1 57.3 6 <0.00001 < 0.00001

Center + Period of diagnosis + Age + Stage + OTP + Histotype 501.6 14.5 1 0.0001 0.0002

Center + Period of diagnosis + Age + Stage + OTP + Histotype + Ki67 501.4 0.3 1 0.58 0.58

Disease free survival

Without covariates 720.2 -

Center + Period of diagnosis + Age + N +
Residual Tumour + OTP

669.4 50.8 7 <0.00001 < 0.00001

Center + Period of diagnosis + Age + N +
Residual Tumour + OTP + Ki67

645.7 23.7 1 <0.00001 < 0.00001

Center + Period of diagnosis + Age + N +
Residual Tumour + OTP + Ki67 + Histotype

645.0 0.7 1 0.40 0.40

Without covariates 720.2 -

Center + Period of diagnosis + Age + N +
Residual Tumour + OTP

669.4 50.8 7 <0.00001 < 0.00001

Center + Period of diagnosis + Age + N +
Residual Tumour + OTP + Histotype

651.3 18.2 1 0.0002 0.0003

Center + Period of diagnosis + Age + N +
Residual Tumour + OTP + Histotype + Ki67

645.0 6.3 1 0.01 0.01

Statistically significant P-value are reported in bold. CCS, cancer-specific survival; DF, degrees of freedom; DFS, disease-free survival;

LR�Dv2, changes in likelihood ratio values; OS, overall survival; OTP, orthopedia homeobox protein.
✝Correction for multiple comparisons according to Benjamini–Hochberg.
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observed improved statistical significance by adding
Ki-67 (≥3 versus <3) to DFS in the multivariate pre-
diction model. This result may be related to the
intrinsic nature of the Ki-67 scoring: Ki-67 prolifera-
tion evaluation is more reproducible, clear and less
time-consuming compared to the scoring of
mitoses,20,21 therefore it is likely to allow a more
accurate assessment of cell proliferation related to the
clinical outcome, as demonstrated also by the study
of Oka et al.17

OTP represents an independent prognostic marker
for LCTs and this has been described before. Swarts
et al. have previously observed that loss of expression
of OTP is independently associated with shorter sur-
vival and increased risk of metastases.6 The prognos-
tic value of OTP has been demonstrated by
Papaxoinis et al., proving that loss of expression is
associated with unfavourable prognosis.22 Our study
confirms this observation. Therefore, due its prognos-
tic role as well as high sensitivity and specificity for
pulmonary carcinoid tumours,23 OTP IHC marker
should be included in the diagnostic workup.

Conclusion

In conclusion, although Ki-67 index is not considered
in the 2021 WHO Classification of Thoracic Tumours
as an indispensable criterion for the diagnosis and
prognostic evaluation of LCTs, our study proves its
precise prognostic role, demonstrating that 3% cut-off
is a strong predictive marker, significantly associated
with post-operative recurrence. The use of groups
based on the Ki-67 cut-off of 3% allows better prog-
nostic post-surgical stratification compared to histol-
ogy mainly based on MC and necrosis as showed by
improved significance of the DFS prediction model.
Ki-67 seems to improve the existing diagnostic histo-
logic criteria and should be implemented in diagnostic
routine workup for the evaluation of LCTs identifying
patients with potential higher risk of relapse.

Authors contribution

Study concept and design – Giovanni Centonze, Patrick
Maisonneuve, Carlo Capella, Massimo Milione; Method-
ology – Vincenzo Lagano, Giovanna Garzone, Martina
Filugelli, Carlotta Pardo, Alessia Mietta; Analysis and
interpretation of data – Giovanni Centonze, Patrick
Maisonneuve, Carlo Capella, Massimo Milione; Drafting
of manuscript – Giovanni Centonze; Critical revision of
the manuscript for important intellectual content –
Giovanni Centonze, Patrick Maisonneuve, Natalie

Prinzi, Sara Pusceddu, Alessandro Mangogna, Alessan-
dra Fabbri, Federica Grillo, Michele Simbolo, Aldo
Scarpa, Luca Roz, Luisa Bercich, Salvatore Grisanti,
Mauro Roberto Benvenuti, Alfredo Berruti, Luigi Rolli,
Ugo Pastorino, Carlo Capella, Massimo Milione; Statisti-
cal analysis – Giovanni Centonze, Patrick Maison-
neuve; Study supervision – Patrick Maisonneuve, Carlo
Capella, Massimo Milione.

Acknowledgements

The authors thank Elisa Roca, MD (Thoracic Oncol-
ogy – Lung Unit, Pederzoli Hospital, Peschiera del
Garda, Verona, Italy) who started in patient selection
when she was in charge at Brescia Hospital. Open
access funding provided by BIBLIOSAN.

Funding information

This work was supported by Italian Ministry of Health
(ERP-2017-23671129 “PMTR-pNET” Project to M.M.);
by 5 9 1000 Funds – 2014 MIUR – grant “Integrative
molecular analysis of pure and combined lung large
cell neuroendocrine carcinoma (LCNEC)” (Project to
M.M.); partially by the Italian Ministry of Health with
Ricerca Corrente and 5 9 1000 funds (to P.M.); and
by Associazione Italiana per la Ricerca sul Cancro
(AIRC 5 9 1000 n.12182 to A.S.). Giovanni Centonze
was supported by a FIRC-AIRC fellowship for Italy.

Conflicts of interest

The authors have disclosed that they have no signifi-
cant relationships with, or financial interest in, any
commercial companies pertaining to this article.

Data availability statement

The data that support the findings of this study are
available on request from the corresponding author.

References

1. Board WHOCWCoTE. Thoracic tumours: International Agency

for Research on Cancer. 2021.

2. Nicholson AG, Tsao MS, Beasley MB et al. The 2021 who clas-

sification of lung tumors: Impact of advances since 2015. J.

Thorac. Oncol. 2022; 17; 362–387.
3. Yoon JY, Sigel K, Martin J et al. Evaluation of the prognostic

significance of tnm staging guidelines in lung carcinoid tumors.

J. Thorac. Oncol. 2019; 14; 184–192.
4. Caplin ME, Baudin E, Ferolla P et al. Pulmonary neuroen-

docrine (carcinoid) tumors: European neuroendocrine tumor

� 2022 The Authors. Histopathology published by John Wiley & Sons Ltd., Histopathology, 82, 324–339.

338 G Centonze et al.



society expert consensus and recommendations for best prac-

tice for typical and atypical pulmonary carcinoids. Ann. Oncol.

2015; 26; 1604–1620.
5. Moonen L, Derks J, Dingemans AM, Speel EJ. Orthopedia home-

obox (otp) in pulmonary neuroendocrine tumors: the diagnos-

tic value and possible molecular interactions. Cancers (Basel)

2019; 11; 1508.

6. Swarts DR, Henfling ME, Van Neste L et al. Cd44 and otp are

strong prognostic markers for pulmonary carcinoids. Clin. Can-

cer Res. 2013; 19; 2197–2207.
7. Nagtegaal ID, Odze RD, Klimstra D et al. The 2019 who classi-

fication of tumours of the digestive system. Histopathology

2020; 76; 182–188.
8. Pelosi G, Travis WD. The ki-67 antigen in the new 2021 world

health organization classification of lung neuroendocrine neo-

plasms. Pathologica 2021; 113; 377–387.
9. Volante M, Brizzi MP, Faggiano A et al. Somatostatin receptor

type 2a immunohistochemistry in neuroendocrine tumors: a

proposal of scoring system correlated with somatostatin recep-

tor scintigraphy. Mod. Pathol. 2007; 20; 1172–1182.
10. Walts AE, Mirocha JM, Marchevsky AM. Challenges in ki-67

assessments in pulmonary large-cell neuroendocrine carcino-

mas. Histopathology 2021; 78; 699–709.
11. Rekhtman N. Lung neuroendocrine neoplasms: recent progress

and persistent challenges. Mod. Pathol. 2022; 35; 36–50.
12. Marchio C, Gatti G, Massa F et al. Distinctive pathological and

clinical features of lung carcinoids with high proliferation

index. Virchows Arch. 2017; 471; 713–720.
13. Clay V, Papaxoinis G, Sanderson B et al. Evaluation of diagnos-

tic and prognostic significance of ki-67 index in pulmonary

carcinoid tumours. Clin. Transl. Oncol. 2017; 19; 579–586.
14. Zahel T, Krysa S, Herpel E et al. Phenotyping of pulmonary

carcinoids and a ki-67-based grading approach. Virchows Arch.

2012; 460; 299–308.
15. Dermawan JKT, Farver CF. The role of histologic grading and

ki-67 index in predicting outcomes in pulmonary carcinoid

tumors. Am. J. Surg. Pathol. 2020; 44; 224–231.
16. Rindi G, Klimstra DS, Abedi-Ardekani B et al. A common clas-

sification framework for neuroendocrine neoplasms: an inter-

national agency for research on cancer (IARC) and world

health organization (WHO) expert consensus proposal. Mod.

Pathol. 2018; 31; 1770–1786.
17. Oka N, Kasajima A, Konukiewitz B et al. Classification and

prognostic stratification of bronchopulmonary neuroendocrine

neoplasms. Neuroendocrinology 2020; 110; 393–403.

18. Rubino M, Scoazec JY, Pisa E et al. Lung carcinoids with high

proliferative activity: Further support for the identification of a

new tumor category in the classification of lung neuroen-

docrine neoplasms. Lung Cancer 2020; 148; 149–158.
19. Manem VSK, Sazonova O, Gagne A et al. Unravelling action-

able biology using transcriptomic data to integrate mitotic

index and ki-67 in the management of lung neuroendocrine

tumors. Oncotarget 2021; 12; 209–220.
20. Swarts DR, van Suylen RJ, den Bakker MA et al. Interobserver

variability for the who classification of pulmonary carcinoids.

Am. J. Surg. Pathol. 2014; 38; 1429–1436.
21. Warth A, Fink L, Fisseler-Eckhoff A et al. Interobserver

agreement of proliferation index (ki-67) outperforms mitotic

count in pulmonary carcinoids. Virchows Arch. 2013; 462;

507–513.
22. Papaxoinis G, Nonaka D, O’Brien C, Sanderson B, Krysiak P,

Mansoor W. Prognostic significance of cd44 and orthopedia

homeobox protein (otp) expression in pulmonary carcinoid

tumours. Endocr. Pathol. 2017; 28; 60–70.
23. Nonaka D, Papaxoinis G, Mansoor W. Diagnostic utility of

orthopedia homeobox (otp) in pulmonary carcinoid tumors.

Am. J. Surg. Pathol. 2016; 40; 738–744.

Supporting Information

Additional Supporting Information may be found in
the online version of this article:

Table S1. Antibody sources and dilutions.

Table S2. Characteristics of patients with LCTs
according WHO classification.

Table S3. Association between selected tumour
biomarkers and WHO classification in patients with
LCTs.

Figure S1. Ki-67 labeling index of the LCTs and
duration of block storage.

� 2022 The Authors. Histopathology published by John Wiley & Sons Ltd., Histopathology, 82, 324–339.

Lung carcinoid tumours: histology or Ki-67? 339


	 Intro�duc�tion
	 Mate�ri�als and Meth�ods
	 Study Design and Case Selec�tion
	 His�to�logic Anal�y�sis and Immuno�his�to�chem�istry
	 Sta�tis�ti�cal Anal�y�sis

	 Results
	 Clin�i�co�patho�logic Fea�tures and Treat�ment
	 Pro�lif�er�a�tion Assess�ment and Mor�pho�logic Fea�tures
	his14819-fig-0001
	 Ki-67 Labelling Index Eval�u�ated over the Time
	 Immuno�his�to�chem�i�cal Mark�ers
	 Over�all, Cancer-Speci�fic and Disease-Free Sur�vival
	his14819-fig-0002
	 Mul�ti�vari�able Anal�y�sis and Prog�nos�tic Infor�ma�tion among Models
	his14819-fig-0003

	 Dis�cus�sion
	his14819-fig-0004

	 Con�clu�sion
	 Authors con�tri�bu�tion
	 Acknowl�edge�ments
	 Fund�ing infor�ma�tion
	 Con�flicts of inter�est
	 Data availability statement

	 Ref�er�ences
	his14819-bib-0001
	his14819-bib-0002
	his14819-bib-0003
	his14819-bib-0004
	his14819-bib-0005
	his14819-bib-0006
	his14819-bib-0007
	his14819-bib-0008
	his14819-bib-0009
	his14819-bib-0010
	his14819-bib-0011
	his14819-bib-0012
	his14819-bib-0013
	his14819-bib-0014
	his14819-bib-0015
	his14819-bib-0016
	his14819-bib-0017
	his14819-bib-0018
	his14819-bib-0019
	his14819-bib-0020
	his14819-bib-0021
	his14819-bib-0022
	his14819-bib-0023


