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Ascl1 and OTP tumour expressions are associated with disease-free survival in lung atypi-
cal carcinoids

Aims: According to World Health Organization guide-
lines, atypical carcinoids (ACs) are well-differentiated
lung neuroendocrine tumours with 2–10 mitoses/
2 mm2 and/or foci of necrosis (usually punctate).
Besides morphological criteria, no further tools in pre-
dicting AC clinical outcomes are proposed. The aim of

this work was to identify novel factors able to predict AC
disease aggressiveness and progression.
Methods and results: Three hundred-seventy lung
carcinoids were collected and centrally reviewed by
two expert pathologists. Morphology and immunohis-
tochemical markers (Ki-67, TTF-1, CD44, OTP,
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SSTR2A, Ascl1, p53, and Rb1) were studied and cor-
related with disease-free survival (DFS) and overall
survival (OS). Fifty-eight of 370 tumours were defined
as AC. Survival analysis showed that patients with
Ascl1 + ACs and those with OTP-ACs had a signifi-
cantly worse DFS than patients with Ascl1-ACs and
OTP + ACs, respectively. Combining Ascl1 and OTP
expressions, groups were formed reflecting the aggres-
siveness of disease (P = 0.0005). Ki-67 ≥10% patients
had a significantly worse DFS than patients with Ki-
67 <10%. At multivariable analysis, Ascl1 (present
versus absent, hazard ratio [HR] = 3.42, 95% confi-
dence interval [CI] 1.35–8.65, P = 0.009) and OTP

(present versus absent, HR = 0.26, 95% CI 0.10–
0.68, P = 0.006) were independently associated with
DFS. The prognosis of patients with Ki-67 ≥10%
tended to be worse compared to that with Ki-67
<10%. On the contrary, OTP (present versus absent,
HR = 0.28, 95% CI 0.09–0.89, P = 0.03), tumour
stage (III-IV versus I-II, HR = 4.25, 95% CI 1.42–
12.73, P = 0.01) and increasing age (10-year
increase, HR = 1.67, 95% CI 1.04–2.68, P = 0.03)
were independently associated with OS.
Conclusion: This retrospective analysis of lung ACs
showed that Ascl1 and OTP could be the main prog-
nostic drivers of postoperative recurrence.

Keywords: Ascl1, atypical carcinoids, Ki-67 index, lung, OTP

Introduction

According to the WHO Classification of Thoracic
Tumours (WHO-TT 2021), atypical carcinoids (ACs)
are well-differentiated lung neuroendocrine neoplasms
(NEN) classified according to the presence of necrosis
and/or mitotic count.1 In the spectrum of lung carci-
noid tumours, ACs represent the rarest entities and
account for only 0.2% of all lung neoplasms.2 ACs
have a greater chance of metastasizing compared to
typical pulmonary carcinoids and a 5-year survival
rate of 58–68%.3 To date, no adjuvant therapy is
recommended, despite their high recurrence rate,4

and this is most probably secondary to the difficulty
in data collection due to their rarity and biological
heterogeneity.
Recently, different markers have been proposed as

prognostic factors to further predict AC behaviour.
Among others, mammalian achaete-scute homologue
1 (Ascl1) has been described as a neuroendocrine
marker associated with a significantly shortened over-
all survival for SCLC patients,5 suggesting the poten-
tial prognostic significance for all lung NENs.
Furthermore, orthopedia homeobox protein (OTP)
stands out as a promising marker to distinguish
aggressive from indolent carcinoids6; nevertheless its
prognostic value needs to be further evaluated to pre-
dict AC recurrence. Finally, the role of the prolifera-
tion index evaluated by Ki-67 staining has been
discussed and still remains to be defined, although
the evidence from the literature suggests a cutoff of
10% in order to provide a clinically meaningful strati-
fication of ACs.7

The aim of this study was to identify novel factors
able to predict AC disease aggressiveness and
progression.

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 Fon-
dazione IRCCS Istituto Nazionale dei Tumori - INT,
Milan and ASST Spedali Civili di Brescia: Brescia,
were retrospectively searched for one of the following
histological diagnoses: “typical lung carcinoid”, “atyp-
ical lung carcinoid”, “lung carcinoid tumor”, “periph-
eral lung carcinoid”, and “bronchial carcinoid”
during the period from 1988 to 2018. Exclusion cri-
teria were: (i) cases which had not undergone surgi-
cal resection with curative intent; (ii) cases with only
biopsy material available; (iii) cases with poorly differ-
entiated neuroendocrine components; and (iv) cases
of dubious primary.
Overall, a total of 370 candidate cases were identi-

fied. The study was performed according to the clini-
cal 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 neuroendo-
crine tumour (NET) pathologists (M.M. and C.C.)
prior to inclusion in the study. Carcinoid identifica-
tion was based on the parallel investigation of at least
three consecutive sections from representative
formalin-fixed paraffin-embedded blocks, stained with
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haematoxylin–eosin (H&E), and for synaptophysin
(Syn) and chromogranin A (CgA). A total of 58 cases
met the morphological criteria for ACs according to
WHO-TT 2021 and were included in the study.1

H I S T O L O G Y 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-
differentiated neuroendocrine morphology, (b) archi-
tectural pattern of the tumour registered as: (i) trabec-
ular/nesting/organoid or (ii) insular/solid; (c) mitotic
count (MC) counted in 2 mm2; (d) Necrosis assessed
as absent or present and present categorised as spot or
extensive; (e) pathological tumour staging according
to the Union for International Cancer Control/Ameri-
can Joint Committee on Cancer (UICC/AJCC) 8th edi-
tion; (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; or (j)
tumour spread through air spaces (STAS).
The immunohistochemical (IHC) study included:

Syn and CgA in order to confirm the diagnosis of
lung NEN; Ki-67 labeling index calculation, using the
MIB antibody, as a percentage of positive cells in
500–2000 tumour cells counted in areas of strongest
nuclear labeling (“hot spots”) as indicated in the
WHO 2019 Digestive System Tumours8; thyroid tran-
scription factor 1 (TTF-1), CD44, OTP, somatostatin
receptor 2A (SSTR2A), Ascl1, menin, p53, and
Rb1 using the antibodies listed in Supplementary
Table S1.
To minimise assessment variability, with the excep-

tion of Rb1, p53, and SSTR2A, all markers were con-
sidered positive regardless of the number of positive
cells. Rb1 was assessed adopting a scoring system
with three levels: absent (no expression), heteroge-
neous (present: 1–50%), and overexpressed (present
≥50%). p53 was evaluated using four levels: absent
(no expression), weak heterogeneous (scattered and
weak staining in 1–20% of tumour cells), heteroge-
neous (variable expression in 21–60% of tumour
cells), and overexpressed (strong p53 staining in more
than 60% of tumour cells). Immunoreactivity and
scores for SSTR2A were evaluated using a two-tiered
system as suggested by Volante et al.9: negative for
scores of 0 and 1 and positive for 2 and 3 positivity.
For OTP, TTF-1, and Ascl1, only nuclear staining
was considered, while for CD44 only membranous
cytoplasmic staining was registered. For survival
analysis, also the three-tiers grading system based on
Ki67 index, mitotic count, and necrosis suggested by
Rindi et al. was evaluated.10

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 Ascl1 and OTP (absent
versus present) and Ki-67 (<10 versus ≥10%), were
assessed using the Fisher exact test for categorical
variables and the nonparametric Wilcoxon test for
continuous variables. Overall survival (OS) was
assessed from the date of diagnosis to the date of
death or last follow-up. Disease-free survival (DFS)
was assessed from the date of diagnosis to the date of
first relapse, death, or last follow-up, whichever
occurred first. DFS was evaluated in stage I-II-III
patients only. OS and DFS curves were drawn using
the Kaplan–Meier method. The log-rank test was used
to assess the survival difference between patient
groups. Univariable and multivariable Cox propor-
tional regression models were used to assess the asso-
ciation between clinicopathological characteristics
and DFS and OS. Manual backward elimination was
used to determine the best combination of predictors
prioritizing the clinically relevant variables. Hazard
ratios (HR) are presented with the respective 95%
confidence interval (CI). Data analysis was performed
using the R environment for statistical computing
and graphics (R Foundation, Vienna, Austria, 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 A L F E A T U R E S A N D

T R E A T M E N T

The main clinicopathological features of the 58 ACs
included in the study are summarised in Table 1. The
whole cohort comprised more females than males
(56.9% versus 43.1%) with a median age of 61 years
(range: 27–78 years). Current and former smokers
(36.8% and 35.1%, respectively) were more repre-
sented than nonsmokers (28.1%). The series included
29 (50.0%) stage I, 12 (20.7%) stage II, 12 (20.7%)
stage III, and five (8.6%) stage IV tumours. The
median Ki-67 was 4.2% (range: 0.7–26) and, inter-
estingly, eight cases (13.8%) showed a Ki-67 index
≥10% and were considered as ACs with elevated Ki-
67 index (high Ki-67), including three cases with a
Ki67 index >20%. All patients underwent surgical
resection with curative intent, including 31 (53.4%)
lobectomies, 13 (22.4%) segmentectomies or wedge
resections, and 14 (24.2%) bilobectomies or pneumo-
nectomies. Data on postoperative treatment were

� 2023 The Authors. Histopathology published by John Wiley & Sons Ltd., Histopathology, 82, 870–884.
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available for 28 (48.3%) patients: two (7.1%)
received somatostatin analogues, three (10.7%) che-
motherapy, one (3.6%) radiotherapy, one (3.6%)
combined chemo-radiotherapy, and 21 (75.0%) did
not receive any treatment at all.

A S C L 1 , O T P , A N D K I 6 7 E X P R E S S I O N

The associations between Ascl1, OTP, and Ki67
expression with main clinicopathological features and
tumour biomarker expression are reported in Tables 2
and 3.
Ascl1 positive immunoreactivities were detected in

30 (51.7%) of all ACs. Specifically, Ascl1+ tumours
were associated with the presence of necrosis (n = 12,
40.0%, P = 0.04), presence of STAS (n = 16, 61.5%,
P = 0.0007), residual tumour (n = 6, 24.0%,
P = 0.05), high Ki-67 index (n = 8 Ki-67 ≥10%,

26.7%, P = 0.005), positive immunoreactivity for
TTF-1 (n = 18, 60.0% P < 0.0001), and negativity
for SSTR2A (n = 22, 73.3%, P < 0.0001).
On the other hand, OTP expression was identified

in 25 (43.1%) of all ACs. In particular, OTP+
tumours were significantly related to female sex
(n = 19, 76.0%, P = 0.02), hilum/central region
tumour site (n = 9, 37.5%, P = 0.02), expression of
Rb1 (n = 25, 100%, P = 0.05), and of menin
(n = 24, 96.0%, P = 0.001).
Finally, Ki-67 ≥10% was found in eight (13.8%)

samples. Tumours with high Ki-67 were significantly
associated with an increased number of mitoses
(median 5 range 4–10, P = 0.0008), the presence of
necrosis (n = 4, 50%, P = 0.01), peripheral location
(n = 6, 75%, P = 0.01), the presence of peritumoral
lymphocyte infiltrate (n = 7, 87.5%, P = 0.0005),
expression of TTF-1 (n = 7, 87.5% P = 0.001), and

Table 1. Characteristics of patients with AC tumours

All patients Female Male

Total 58 (100) 33 (100.0) 25 (100.0)

Age

Median [range] 61 [27–78] 59 [27–78] 64 [35–78]

Stage

I 29 (50.0) 16 (48.5) 13 (52.0)

II 12 (20.7) 5 (15.2) 7 (28.0)

III 12 (20.7) 8 (24.2) 4 (16.0)

IV 5 (8.6) 4 (12.1) 1 (4.0)

Smoking status

Never 16 (28.1) 10 (31.2) 6 (24.0)

Former 20 (35.1) 13 (40.6) 7 (28.0)

Smoker 21 (36.8) 9 (28.1) 12 (48.0)

Tumour site

Upper lobe 18 (34.0) 10 (34.5) 8 (20.8)

Lower lobe 23 (43.4) 12 (41.4) 11 (45.8)

Hilum region 12 (22.6) 7 (24.1) 5 (33.3)

Surgery

Lobectomy 31 (53.4) 14 (42.4) 17 (68.0)

Bilobectomy/pneumonectomy 14 (24.2) 11 (33.3) 3 (12.0)

Sublobar resection 13 (22.4) 8 (24.2) 5 (20.0)
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p53 (n = 3, 37.5%, P = 0.02) and complete loss of
SSTR2A expression (n = 8, 100%, P = 0.0004).
No other clinicopathological features and immuno-

histochemical expression were significantly associated
with Ascl1, OTP, and Ki-67 expression.

D I S E A S E - F R E E A N D O V E R A L L S U R V I V A L

The median DFS time for ACs was 65 months (95%
CI 53–137). Survival analysis showed that patients
with Ascl1 + ACs and those with OTP-ACs had sig-
nificantly worse DFS than patients with Ascl1- and
OTP + ACs, respectively (P = 0.001 and P = 0.02,
Figure 1A,B). Furthermore, patients with high Ki-67
ACs had a significantly worse DFS than patients with
low Ki-67 ACs (P = 0.0001; Figure 1D). Interestingly,
combining Ascl1 and OTP expression, groups were
formed reflecting the aggressiveness of disease
(P = 0.0005, Figure 1C). Indeed OTP+/Ascl1- cases
showed the best prognosis, the double negative or
double positive intermediate prognosis and, finally,
OTP-/Ascl1+ cases the worst prognosis. Of note was
that high Ki-67 tumours were significantly more
represented in the latter group (P = 0.01, Figure 2).
At univariate analysis (Table 4), significant clinico-

pathological predictors of poorer DFS among the cohort
were: 10-year age increase (P = 0.02), lymph node
involvement (P = 0.02), advanced tumour stage (P =
0.04), the presence of extensive necrosis (P = 0.02), Ki-
67 ≥10% (P < 0.001), residual tumour (P = 0.03), and
low or absent expression of SSTR2A (P = 0.006). In the
entire cohort, the median OS was 102 months (95% CI
66-NA). Kaplan–Meier analysis showed that patients
with stage III-IV and those with an absence of OTP
expression had significantly worse OS than patients
with stage I-II and OTP expression, respectively (log-
rank P = 0.015 and P = 0.009; Figure 3A,B). Univari-
ate analysis also showed that 10-year age increase
(P = 0.006), expression of Ascl1 (P = 0.03, Figure 3C),
and absent expression of SSTR2A (P = 0.003,
Figure 3D) were associated with poor OS.
Results from multivariable Cox proportional regres-

sion analysis are reported in Table 5. After adjust-
ment for center, stage, and period of diagnosis, Ascl1
(present versus absent, HR = 3.42, 95% CI 1.35–
8.65, P = 0.009) and OTP (present versus absent,
HR = 0.26, 95% CI 0.10–0.68, P = 0.006) were inde-
pendently associated with DFS. The prognosis of
patients with Ki-67 ≥10% tended to be worse com-
pared to that with Ki-67 <10% (HR = 2.80, 95% CI
0.86–9.14, P = 0.09).
On the contrary, an increase of years in age (10-

year increase, HR = 1.67, 95% CI 1.04–2.68,T
ab
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P = 0.03), advanced tumour stage (III-IV versus I-II,
HR = 4.25, 95% CI 1.42–12.73, P = 0.01), and
OTP (present versus absent, HR = 0.28, 95% CI
0.09–0.89, P = 0.03), were associated with OS.

Discussion

It is increasingly evident that lung ACs are more
aggressive tumours and with a greater chance of
metastasizing compared to typical carcinoids.4 Never-
theless, to date no adjuvant therapy is recommended
despite their high recurrence rate.11 Apart from mor-
phological classification, no further tools useful in
predicting ACs clinical outcome have up till now
been proposed, and this is probably due to their rar-
ity, making case series with sufficient numerosity dif-
ficult to collect. The definition of specific markers of
aggressiveness, therefore, represents an unmet clini-
cal need.
In order to mine for new knowledge, a morphologi-

cal and immunohistochemical characterisation of a
cohort of ACs from two oncology centers was per-
formed. Our study of a large well-characterised series
(n = 58) of ACs demonstrates that Ascl1 and OTP
expression could drive their clinical outcome. Specifi-
cally, Ascl1+/OTP- ACs appeared to be the most
aggressive tumours, with a high Ki-67 proliferative
index, strongly associated with postoperative recur-
rence while, on the contrary, Ascl1-/OTP+ ACs
showed the best outcome.
Ascl1 regulates the expression of genes involved in

cell cycle progression, including canonical cell cycle
regulators and oncogenic transcription factors.12

Some reports showed that it was highly specific for
high-grade neuroendocrine carcinomas compared to
carcinoids and other nonneuroendocrine neo-
plasms.13,14 The recent integrative genomic charac-
terisation of carcinoids identifying three novel
molecular subtypes, with distinct clinical features,
proves that Ascl1 is only expressed in the LC1 sub-
group, associated with the worst patient outcome.15

As Ascl1 represents a lineage-specific oncogene for
high-grade neuroendocrine lung cancers,16,17 its
expression could predict carcinoids with a more
aggressive clinical course. The present results, based
on a substantial number of AC cases, showed that
Ascl1 expression was found in 52% (n = 30) of ACs
and strongly suggests, for the first time, that its
expression is associated with a clinically aggressive
course in terms of postoperative recurrence.
To understand and provide new insights into ACs

aggressiveness, we also evaluated the well-knownT
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prognostic factor OTP. This is a transcription factor
expressed almost exclusively in lung carcinoids but
not in high-grade lung neuroendocrine carcinoma or
in NETs of other organs.6,18 Indeed, a multi-omics
factor analysis of trascriptomes and methylomes of
lung NENs proved that cases, initially classified as
high-grade neuroendocrine carcinomas and harbour-
ing high levels of OTP, were reclassified as carci-
noids.19 Independent studies showed that the absence
of nuclear OTP expression was significantly associated
with unfavourable disease outcome and an increased
risk of metastasis for all pulmonary carcinoids.18,20,21

In our study we observed OTP expression in 43.1%
(n = 25) of ACs and we confirmed its independent

strong prognostic value, proving that loss of expres-
sion was associated with an unfavourable prognosis
in terms of OS and DFS. In agreement with the cur-
rent literature,22 we also reported that loss of OTP
expression correlated with loss of menin nuclear
immunostaining.
Proliferative analysis also showed a specific role of

Ki-67 ≥10%, which was associated with reduced DFS.
As previously proposed, Ki-67 could represent an
independent prognostic marker for carcinoids.23–26 A
recent study carried out by Marchi�o et al. showed a
clinical role of Ki-67 10% cutoff for stratification of
all lung carcinoid tumours and suggested that this
cutoff is also reliable specifically for ACs identifying a
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Figure 1. Disease-free survival in atypical carcinoids according to selected characteristics. (A) Ascl1 expression; (B) OTP expression; (C) Ascl1

and OTP expression; (D) Ki-67 cutoff 10%. Ascl1, mammalian achaete-scute homologue 1; OTP, orthopedia homeobox protein.
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subgroup with a dismal prognosis.7 Our results
underline that Ki-67 at 10% cutoff is a strong prog-
nostic marker for ACs in univariate analysis, strongly
associated with postoperative recurrence. However, in
our study the prognostic impact of Ki-67 10% did not
reach statistical significance when multiple risk fac-
tors were simultaneously assessed, probably due to
the limited size of the cohort, with only eight cases
with Ki-67 ≥10%. In addition, among cases with high
Ki-67 we found three (5.2%) highly proliferative ACs
with a Ki-67 ≥20%. Limited studies are focused on
this rare entity: recently, Hermans et al. described
seven of these cases suggesting that Rb1 staining
might be helpful to predict prognosis.27 One of our
cases did not express Rb1 and was extensively posi-
tive for p53, while the other two cases had preserved
Rb1 expression, while p53 was positive in a small
number of cells in one case and negative in the other
case. Interestingly, all our three cases expressed Ascl1
and were negative for both OTP and SSTR2A,
highlighting their aggressiveness. Therefore, although
rare, these cases could correspond to those classified
as NET G3 in the digestive system,28 but further

studies are needed to better describe this group and
elucidate their clinical relevance.
The present study had several limitations, including

mainly its retrospective design. Due to the rarity of lung
carcinoid tumours, the current series is relatively small
and could also suffer from scarce information about
adjuvant treatment. Although novel and informative
results on ACs from two centers were reported, it does
not allow drawing a definitive conclusion about the clin-
ical relevance of Ascl1 and OTP and the best way to per-
sonalize the treatment of ACs patients. Therefore, it is
necessary to investigate and validate the results of this
study with prospective clinical studies.
In conclusion, this study shows that pulmonary

ACs’ clinical outcome could be described on the base
of Ascl1 and OTP expression. These two markers,
together with the Ki-67 proliferative index, could
enable a more in-depth prognostic assessment of
these rare tumours identifying patients at high risk of
postsurgical relapse. Therefore, the evaluation of
Ascl1 and OTP expression and the Ki-67 proliferative
index could become a useful addition (if not a
requirement) to routine pathology diagnostic workup.
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Figure 2. Atypical carcinoids morphological, immunohistochemical, and survival spectrum based on OTP and Ascl1 expression and– Ki-67

proliferative index. Ascl1, mammalian achaete-scute homologue 1; OTP, orthopedia homeobox protein.
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Table 4. Univariate* analysis of disease-free survival and overall survival of patients with AC tumours

Variable Comparison groups
Disease-free survival# P-

value*
Overall survival P-

value*HR (95% CI) HR (95% CI)

Sex Male versus female 1.54 (0.70–3.43) 0.29 0.61 (0.24–1.55) 0.30

Age 10-year increase 1.49 (1.07–2.06) 0.02 1.85 (1.19–2.86) 0.006

Smoking status Ex versus never 1.82 (0.60–5.57) 0.29 3.79 (0.91–15.76) 0.07

Current versus never 1.06 (0.38–3.00) 0.91 1.14 (0.28–4.52) 0.86

T 2–3-4 versus 1 1.38 (0.62–3.06) 0.43 1.64 (0.63–4.28) 0.32

N 2–3 versus 0–1 2.69 (1.16–6.27) 0.02 2.94 (1.13–7.65) 0.03

Stage III-IV versus I-II 2.48 (1.03–5.99) 0.04 4.58 (1.52–13.82) 0.007

Mitoses 1 mitosis increase 1.11 (0.90–1.36) 0.35 1.14 (0.88–1.46) 0.33

Necrosis Spot versus absent 2.30 (0.57–9.30) 0.24 1.52 (0.42–5.50) 0.52

Extensive versus absent 4.22 (1.21–14.72) 0.02 1.40 (0.36–5.51) 0.63

Ki-67 ≥10 versus <10 6.10 (2.20–16.92) <0.001 2.57 (0.89–7.42) 0.08

Vascular invasion Present versus absent 0.86 (0.39–1.87) 0.70 0.70 (0.27–1.79) 0.46

Perineural invasion Present versus absent 0.99 (0.31–3.13) 0.98 0.30 (0.06–1.52) 0.15

Intratumoral
lymphocyte infiltrate

Present versus absent 1.55 (0.59–4.08) 0.38 1.10 (0.39–3.11) 0.86

Peritumoral
lymphocyte infiltrate

Present versus absent 1.71 (0.71–4.10) 0.23 1.68 (0.66–4.25) 0.27

Location Peripheral versus central 0.61 (0.25–1.48) 0.28 0.77 (0.27–2.24) 0.64

Microscopic infiltration Positive STAS versus absent 3.68 (0.72–18.74) 0.12 2.71 (0.49–15.17) 0.26

Bronchus versus absent 1.12 (0.22–5.66) 0.89 0.75 (0.13–4.47) 0.75

Pleura versus absent 1.51 (0.13–17.99) 0.75 0.72 (0.06–8.17) 0.79

Tumour Site Lower lobe versus hilum region 0.81 (0.24–2.79) 0.74 0.87 (0.21–3.56) 0.85

Upper lobe versus hilum region 2.36 (0.76–7.37) 0.14 2.05 (0.55–7.64) 0.28

Rindi Grade Grade 2–3 versus grade 1 1.52 (0.65–3.56) 0.34 1.73 (0.63–4.73) 0.29

Morphological pattern Trabecular/nested/organoid versus
insular/solid

0.99 (0.34–2.84) 0.98 0.91 (0.25–3.23) 0.88

Surgery Lobectomy versus bilobectomy/
pneumonectomy

2.02 (0.74–5.51) 0.17 2.37 (0.74–7.64) 0.14

Sublobar resection versus
bilobectomy/pneumonectomy

0.89 (0.20–3.95) 0.88 3.71 (0.96–14.33) 0.06

Residual tumour R1/2 versus R0 3.31 (1.16–9.48) 0.03 1.75 (0.48–6.37) 0.40

TTF1 Present versus absent 1.63 (0.77–3.49) 0.20 1.37 (0.59–3.19) 0.46

CD44 Present versus absent 0.65 (0.31–1.37) 0.26 0.70 (0.30–1.64) 0.42

OTP Present versus absent 0.33 (0.14–0.80) 0.01 0.25 (0.08–0.77) 0.02

SSTR2 Present versus absent 0.35 (0.17–0.74) 0.006 0.27 (0.11–0.65) 0.003

Ascl1 Present versus absent 3.30 (1.52–7.14) 0.002 2.73 (1.14–6.57) 0.03
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Table 4. (Continued)

Variable Comparison groups
Disease-free survival# P-

value*
Overall survival P-

value*HR (95% CI) HR (95% CI)

RB1 Heterogeneous or overexpressed
versus absent

0.29 (0.06–1.41) 0.12 0.41 (0.12–1.41) 0.16

P53 Weak heterogeneous versus absent or
overexpressed

1.76 (0.55–5.62) 0.34 0.67 (0.14–3.14) 0.61

Menin Present versus absent 0.81 (0.30–2.20) 0.69 0.76 (0.29–2.00) 0.58

Note: Statistically significant P-value are reported in bold.

Abbreviation: STAS, spread through air spaces; TTF-1, thyroid transcription factor 1; SSTR-2A, somatostatin receptor 2A; OTP, orthopedia

homeobox protein; Ascl1, mammalian achaete-scute homologue 1; Rb1, retinoblastoma protein.

*Adjusted for center and period of diagnosis categorised in decades (<1998, 1998–2007, 2008–2018).
#Evaluated on Stage I-II-III patients only.
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Figure 3. Overall survival in atypical carcinoids according to selected characteristics. (A) Tumour stage; (B) OTP expression; (C) Ascl1
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