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Abstract

Background: Pulmonary neuroendocrine tumors (pNETSs) include |-differentiated and poorly
differentiated histology for which cell type ha®ped to be a determinant of survival in many stsi.die
patients diagnosed with Bronchial Carcinoid (BCYl &rmarge Cell Neuroendocrine Carcinoma (LCNEC),
surgery is the treatment of choice even in the aafséocally advanced disease with lymph node
involvement.

Methods. We retrospectively analyzed patients undergoirajamical lung resection for BC or LCNEC
with lymph node involvement (N1/N2) at the finaltipalogical examination (pN+). Characteristics of
patients and differences in overall survival (O8) ®isease Free Survival (DFS) are presented aocprd
to tumor type. Overall survival (OS) of distinctstulogical groups was compared with survival in our
institutional experience in stage I-patients, withoodal involvement (pNO).

Results: 325 patients underwent surgical resection fornendoerine tumors ; 89 patients had nodal
involvement. 5-year survival was 89% in pN+ BCshbfulr typical (TC) and atypical carcinoid (AC) but
worse in pN+ LCNEC (47%). Cell type did not inflwenthe prognosis in NO-disease, and no differences
in survival were evident between NO and N+ in BGugr. In the group of LCNEC, 5-year OS was much
worse for pN+ LCNEC (47%) compared with pNO LCNEQ%).

Conclusions. BCs have the best prognosis, and surgery remainseatment of choice both for early and
locally advanced disease. On the contrary, aggre$sims (LCNEC) with lymph nodal metastasis have a

poor prognosis, and they need to be treated witggnessive multidisciplinary approach.

Word count: 244



Abbreviations

Abbreviations | Explanations

AC atypical carcinoids

Cl confidence interval

CT chemotherapy

CT/RT chemo-radiotherapy

DFS disease free survival

HR hazard ratio

ICU intensive care unit

LCNEC large-cell neuroendocrine carcinoma
oS overall survival

PO post-operative

PNETs pulmonary neuroendocrine tumors
RT radiotherapy

SCLC small cell lung cancer

TC typical carcinoids

WHO world health organization




The 2015 World Health Organization (WHO) classtfica of pulmonary neuroendocrine neoplasms
divides well-differentiated and poorly differengattumors into 4 different groups.

Typical Carcinoid (TC) and Atypical carcinoid (A@ye respectively low-grade and intermediate grade
tumors, while aggressive and poorly differentiatedplasms are represented by large-cell neuroendocr
carcinoma (LCNEC) and small-cell lung cancer (SCIL8&se neoplasms account for approximately 20%
of all primary lung cancers (1-3).

Typical and atypical carcinoids are also genera#iyled Bronchial Carcinoids (BC) and do not share
common traits with SCLC.

The patterns of pulmonary neuroendocrine tumorE({pdY have been mainly investigated by multi-center
analysis due to the rarity of these pathologicdities, underlining the good prognosis of BCs ahe t
biological aggressiveness of LCNEC (2,4).

Many studies have confirmed that cell type has g@uoto be the major determinant of survival in these
tumors (2,4-7). In fact, survival in patients wilC is intermediate between the ‘indolent’ behavibr
TCs and the more aggressive nature of LCNECs (B)ik& SCLC, usually treated with chemotherapy
(CT), BCs and LCNEC can be managed with differbatapeutic strategies.

Surgery is the treatment of choice for localizeskdise in patients diagnosed with BC and LCNEC,sand
deemed feasible even in loco-regional nodal diffusidefined as N1 or N2 disease, even if LCNEC
requires aggressive multimodal treatment (2,4-Te &im of this paper was to investigate prognostic
factors and survival outcomes in patients affedsgdlocally advanced pNETs (pN1-N2) treated by
complete anatomical surgical resection. We consitlgratients with NO disease in our institutional
experience for a comparison on overall survival G#ce their clinical behavior and prognostictéas
have already been described in previous papers/§2,4

Patientsand Methods

This is a retrospective study based on a largdesingtitution’s experience on patients who underwe

anatomical lung resection for a BCs or LCNEC atDiwision, from January 1998 to December 2016.



We included patients with BC and LCNEC, since thesletypes usually undergo surgical treatment, on
the contrary to SCLC. In addition, only patientshiioco-regional lymph-node involvement at the fina
pathological exam were included.

Clinical charts were retrospectively reviewed atighatients signed a consent form prior to surgéng,
Institutional Review Board approved the study.

All patients were studied preoperatively with aatdiody computed tomography scan, and from 2003 all
patients received positron emission tomography Witlorodeoxyglucose. Mediastinal lymph node
involvement, if suspected, was verified with EBUBNA (from 2011), mediastinoscopy or Video-
assisted thoracoscopy.

Demographic and clinic-pathological characteristinsluded age, gender, smoking habit, previous
malignancies, side, site and type of surgery, tusipe (pT), number of lymph nodes dissected and
pathological nodal stations, neoadjuvant and adiutraatments. Patient outcome was analyzed by snean
of postoperative complications, intensive care uh@U) stay and in-hospital stay. Post-operative
mortality was defined as deaths occurring withirda@s after surgery or during hospital stay.

Satistical Methods

Characteristics of patients are presented accorgdirtgmor type (AC/TC, LCNEC). Differences in the
distribution of patient characteristics across tunypes was assessed using the Fisher exact test fo
categorical variables and the Kruskal Wallis testdontinuous variables.

OS was defined from the date of surgery to the dhatast contact or death. Disease free survivdSPp
was defined from the date of surgery to the dateecfirrence, death or last contact. OS and DFSesurv
were plotted using the Kaplan Meier method and Itigerank test was used to assess differences in
survival between groups. Additionally, OS and DRSlistinct histological groups was compared with
survival of our institutional experience of stageatients without nodal involvement.

Cox proportional hazard regression was used tcsagbe association between clinical and patholbgica
characteristics and OS. Hazards Ratios (HRs) a#d @mnfidence intervals (Cls) were adjusted accgrdin
to tumor type. Separate analyses were conductgubata@nts with carcinoid and large cell neuroenithecr
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tumors. Analyses were performed with SAS softwagesion 9.4 (Cary, NC). All p-values were two-

sided.

Results

A total of 325 patients underwent complete surgieaéction for pNETSs; 236 patients were pNO while 8
were pN+. The characteristics of the 89 enrolletiepts (pN+) are detailed in Table 1. Twenty-one
patients (23.6%) had TC, 35 (39.3%) AC and 33 @J.LCNEC. Lobectomy was the most common
operation performed (52; 58.4%) followed by pneusatomy (19; 21.3%). Tumor median size was 27.5
mm (range 11-130 mm). Fifty-two patients (58.4%X haathological N1 whereas N2 lymph node
involvement was confirmed in 37 (41.6%) cases. Tiyveme patients received preoperative CT (23.6%),
and 5 patients received preoperative chemo-radigplye(CT/RT) (5.6%). Adjuvant CT was given to 7
patients (7.9%), RT to 9 patients (10.1%), and AT¥R2 patients (2.2%).

On average, hospitalization was 6 days (range 4Pdst-operative complications are listed in table

After a median follow-up of 4.0 years contributitqy474 person-years of observation, 24 patientd die
resulting in a crude annual mortality rate of 5.186llow-up was significantly shorter for patientstiw
LCNEC, as an effect of the worse prognosis of ghip of patients (P=0.003)

Mortality was significantly higher in patients wittCNEC (14.8 per 100-year) than in patients with TC
(1.3 per 100-year) or AC (2.8 per 100-year).

Overall survival was 89% both for AC and TC N+ agears (95% Cl 76-95) and 78% at 10 years (95%
Cl1 58-89); on the other hand, the OS was signiflgamorse in LCNEC: 47% at 5 years (95% CI 28-64)
and 41% at 10 years (95% CI 21-60;P=0.001; Fighre 1

Patients with NO-disease had a good prognosis: @8% Cl 89-96) of OS at 5 years and 82% (95% ClI
73-88) at 10 years, without significant differenpes tumor type (P=0.41;Figure 2).

Focusing on survival of BC according to nodal staho differences were detected comparing NO fdatien
with N+: 94% (95% CI 89-95) for NO TC/AC and 89%%#0 Cl 76-95) for N+ TC/AC at 5 years (P=0.57)

respectively (Figure 3).



Finally, LCNEC showed a significant worsening iryé&ar OS in patients with nodal disease: 5-year OS
rate was 47% (95% CI 28-64) for pN+ LCNEC compangith 95% (95% CI 67-98) for pNO (P=0.002)
(Figure 4).

Similar results for disease free survival are mlediin supplementary figures 1-4. N+ TC and AC stbw

a similar DFS (75% at 5 years; 95%CI 60-86), whhst N+ LCNEC group had a significantly lower DFS
(45% at 5 years; 95%CI 26-62; P=0.0002). For thedgd@lp there was no difference in DFS for nodal
staging, while for LCNEC histology, nodal involventewas related to a worse DFS (N+ LCNE
DFS=45% at 5 years, 95%CI 26-62 vs NO LCNEC DFS=685%86CI| 43-81; P=0.05).No difference in
survival was evident comparing N1 and N2 involvetrfenall histological groups.

All investigated factors are reported in Table &cters significantly associated with the OS analyfoe

all patients included tumor type (P=0.005), age((B&3), previous malignancies (P=0.05) and need for
ICU stay (P=0.0004). For the BC group, neoadjuvamd adjuvant treatment influenced the survival
(neoadjuvant CT +/- RT, P=0.04; adjuvant CT and®; P=0.046). Finally for the LCNEC group, age
(P=0.003) and need for ICU stay (P=0.007) wereifsigimt. Some factors were then evaluated according
to postoperative complications, which proved toirfeienced by tumor type and number of N2 lymph
nodes resected (LCNEC: HR 21.2, 95% CI 2.55-17D.085; N2 lymph nodes resected: HR 1.11, 95%

Cl 1.00-1.22, P=0.05) (Table 4).

Comment

According to the WHO classification (1), the diffeces in survival between AC/TC and LCNEC are:
TCs are diseases with favorable clinical behav@s are intermediate-grade tumors with an aggressiv
biological behavior with a better survival if connpd with LCNECSs.

In our study, the survival of pNET pN+ was mosthjluenced by the histology and the differentiation
grade with significant differences between low gr&LC and high grade LCNEC. Besides cell-type, the
pN+ was always one of the most important progndatitors (8-11). Lim et al. retrospectively revialve
177 cases of resected pulmonary neuroendocrinersurmzluding SCLC, assessing the association of
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both cell-type and nodal disease with survival (14 a result of this study, cell type was the rafyest
determinant of prognosis, revealing a close asBoniabetween stage progression and more
undifferentiated types. The authors therefore @@rsid surgical resection the main option for TG,rmi

for the other categories.

The OS of pN+ TCs and ACs in our cohort was sin{i®96) at 5 years and the trend reflected the qpatte
of pNO disease OS. In fact, in both categories G Bvith lymph node involvement, the prognosis was
still optimal and complete surgery played the maile in their treatment even in the case of locally
advanced disease. Despite the good prognosis,radaally resected BCs could relapse, particularly
the case of pN2 AC, confirming the importance afical lymphadenectomy and of a multidisciplinary
discussion for post-operative treatments (13).

Regarding LCNEC patients, there was a differencaurvival between patients with NO disease and
patients with mediastinal involvement who showesloase outcome (p=0.0018). Whereas the 5-year OS
of LCNEC was poorer with less than 50% of patiemtth pN+ as the most important factor for
prognosis, the OS for NO disease was not influermedell type in our cohort. Indeed, the absence of
nodal involvement was related to a better prognatss in LCNEC, confirming surgery as the first
treatment option also for these patients with kditdisease, and the importance of systematic
lymphadenectomy, which seemed to counteract thadimgf a more aggressive histology.

In the case of lymph node involvement, LCNEC haariost aggressive histology in the pNET group of
patients, with a survival closer to SCLC, suggestimmore careful and aggressive approach bothrimste
of surgery and of peri-operative treatments.

Previous studies on LCNEC had already recommendgdessive multimodal treatments, like SCLC,
especially in advanced lymph nodal stage (9,11)olesi et al. retrospectively analyzed a serieb4df
patients with a diagnosis of LCNEC, showing thatlyeatages treated with surgery combined with
adjuvant or induction chemotherapy (p=0.077) hatebeutcomes if compared to surgery alone (11). Lo
Russo et al. (14) confirmed that radical surgeryusth always be performed when technically feasible,
and patients with nodal involvement should alwagsreated with adjuvant chemotherapy. However, in
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our cohort of LCNEC, no CT strategy influenced @atiOS (neoadjuvant p=0.89; adjuvant p=0.19).
Considering neoadjuvant chemotherapy, its roleosyet established in the literature, and is stdt
recommended. Nevertheless, in our study, resectadly advanced LCNEC seemed to have an improved
prognosis after neoadjuvant treatments, even ifstattstically significant, showing a similar swai to

BC (supplementary Figure 5). This should be comeidlén future studies to better understand the anpa
of neoadjuvant therapy on downstaging and on OS.

In the management of BCs (TCs and ACs), for whiglgery remains the mainstay of treatment, the
adjuvant regimens are usually administered in Nfypical carcinoids (16), whereas in typical canais
pN+ the use of post-operative CT is associated witlvorse OS (17-19). In fact, current guidelines
suggest observation alone after surgery for TC, (@Bereas patients affected by AC with positive pym
nodes and high proliferative index should be cargid for adjuvant therapy (13). However, although
advanced AC is more aggressive than TC at the stage (12-14), as is widely known, there are still
studies about the role of neoadjuvant chemothenapkiese locally advanced diseases because in both
cases surgery is performed first as the gold standeatment.

In our analysis, the OS of BCs proved to be infagshby both neoadjuvant and adjuvant treatments
(neoadjuvant P=0.03;adjuvant P=0.002) with a wasrvival for patients who underwent systemic
treatments (supplementary Figure 5 and 6). Howewer,cannot consider these findings as clinically
relevant, also because of the small number of matiteated and the heterogeneity of the treatments
performed, even though this could be a hypothesisfufture prospective studies in specific clinical
settings.

A potential limitation of this study refers to desgion bias as in all retrospective analyses. H@ameour
Institute is a referral Center for neuroendocrieplasms, and this large single center cohort & ra
subtype (N+ only) tumors provides homogeneity inmite of surgical approach, pathology examination
and multidisciplinary management.

Conclusions



In our study, BCs were confirmed to have the bestyposis, while locally advanced LCNECs showed a
poor prognosis if compared with early stages. TOsaNd TCs N+ presented the same good prognosis and
we can speculate that surgery should be consideectieatment option , avoiding adjuvant theragwen

in the case of N+ diseas8imilarly, nodal involvement in our AC patients didt influence their survival,

but according to international guidelines we wotddther discuss the benefit of an adjuvant therapy.
LCNECs with lymph nodal metastasis are the modicdif cases to treat, thus, while waiting for a
definitive randomized trial, and considering ousulés and literature, we choose a multidisciplinary

approach based on case-by-case discussion.
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Tablel: Patient characteristics.

All TC AC LCNEC  P-value
All patients 89 21(23.6%) 35(39.3%) 33(37.1%)
Age
Median (range) 59(15-79) 59(15-76) 59(20-77) 62(35-79) 0.39
<50 years 26 8(30.8%) 14(53.8%) 4(15.4%)
50-59 years 21 4(19.0%) 5(23.8%) 12(57.1%)
60-69 years 20 4(20.0%) 8(40.0%) 8(40.0%)
270 years 22 5(22.7%) 8(36.4%) 9(40.9%) 0.14
Sex
Men 49 6(12.2%) 13(26.5%) 30(61.2%)
Women 40 15(37.5%) 22(55.0%) 3(7.5%) <0.0001
Smoker
No 28 12(42.9%) 15(53.6%) 1(3.6%)
Yes 55 9(16.4%) 14(25.5%) 32(58.2%) <0.0001
Missing 6 - 6(100%) -
Previous malignancy
No 73 19(26.0%) 26(35.6%) 28(38.4%)
Yes 16 2(12.5%) 9(56.3%) 5(31.3%) 0.29
Side
Right 51 16(31.4%) 17(33.3%) 18(35.3%)
Left 38 5(13.2%) 18(47.4%) 15(39.5%) 0.12
Access
Thoracotomy 81 18(22.2%) 33(40.7%) 30(37.0%)
Other access* 8 3(37.5%) 2(25.0%) 3(37.5%) 0.51
Intervention
Bilobectomy 9 2(22.2%) 6(66.7%) 1(11.1%)
Lobectomy 52 15(28.8%) 20(38.5%) 17(32.7%)
Lobectomy+wedge 6 1(16.7%) 3(50.0%) 2(33.3%)
Pneumonectomy 19 1(5.3%) 5(26.3%) 13(68.4%)
Segmentectomy 3 2(66.7%) 1(33.3%) - 0.02
Tumor size (mm)
Median (range) 27.5(11- 20.0(11- 27.0(11- 48.5(13- <0.0001
130) 75) 67) 130)
pT
pT1 31 13(41.9%) 13(41.9%) 5(16.1%)
pT2 30 3(10.0%) 9(30.0%) 18(60.0%)
pT3 10 2(20.0%) 2(20.0%) 6(60.0%)
pT4 3 - 1(33.3%) 2(66.7%)  0.003
Missing 15 3(20.0%) 10(66.7%) 2(13.3%)
Lymph nodes
Median N1 resected 9.0(2-27) 8.5(4-13) 11.0(2-27) 9.0(2-20) 0.47
(range)
Median N1 positive 2.0(0-12)  1.0(0-11) 2.0(0-12) 2.0(0- 7) 0.85
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(range)
Median N2 resected
(range)
Median N2 positive
(range)
pN
pN1
pN2
Neoadjuvant treatment
None
CT
CT/RT
Missing
Adjuvant treatment
None
CT
RT
CT/RT
Missing

7.0(1-33)

0.0(0- 9)

52
37

5.0(1-19)

0.5(0- 2)

14(26.9%)
7(18.9%)

18(29.5%)
1(4.8%)
2(40.0%)

21(32.3%)

6.0(1-33)

1.0(0- 9)

17(32.7%)
18(48.6%)

28(45.9%)
4(19.0%)
1(20.0%)
2(100%)

27(41.5%)

3(33.3%)

5(83.3%)

9.5(2-27)

0.0(0- 3)

21(40.4%)
12(32.4%)

15(24.6%)
16(76.2%)
2(40.0%)

17(26.2%)
7(100%)
6(66.7%)
2(100%)
1(16.7%)

0.20

0.27

0.32

0.0003

0.0002

P-values calculated omitting the unknown categor/asing the Fisher exact test for categorical

variables and the Kruskal-Wallis test for continsieariables

AC= atypical carcinoid CT= chemotherapy CT/RT= cberadiotherapy LCNEC= large-cell
neuroendocrine carcinoma
RT= radiotherapy TC= typical carcinoids
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Table2: Patient outcome

All TC AC LCNEC P-value
All patients 89 21(23.6%)  35(39.3%)  33(37.1%)
PO complications
No 64 20(31.3%)  28(43.8%) 16(25.0%)
Yes 25 1(4.0%) 7(28.0%) 17(68.0%) 0.0004
ICU (days)
Median (range) 0(0-3) 0(0-1) 0(0-3) 0(0-2) 0.54
Hospital stay (days)
Median (range)  6(4-15) 5(4-14) 6(4-13) 7(5-15) 0.0001
Follow-up
Median (range) 4.0(0-18.1) 6.6(0.1-18.1) 5.9(0.1-14.4) 2.0(0.0-10.3) 0.003
Person-years 474 150 215 108
Deaths 24 2 6 16
Death rate/100-year 5.1 1.3 2.8 14.8 0.0001

P-values calculated using the Fisher exact testdtagorical variables, the Kruskal-Wallis test for
continuous variables and the Log-rank test forisah\(death rate).

AC= atypical carcinoids ICU= intensive care uhiCNEC= large-cell neuroendocrine carcinoma PO=
post-operative TC= typical carcinoids
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Table 3. Analysis of factors associated with OS

All AC/TC LCNEC
HR 95%CD) © " proswecy TV groswcn LovAUe
Tumor type
TC 1.00 1.00 -
AC 1.79(0.36- 0.48 1.87 (0.38- i
8.86) ' 9.28) 0.44
LCNEC 8.35(1.89-
36.9) 0.005 - -
Age
<60 years 1.00 1.00 1.00
260 years 3.82 (1.56- 0.003 1.06 (0.25-
9.35) ) 4.54) 094 7.23(1.96-26.7) 0.003
Sex
Men 1.00 1.00 1.00
Women 1.94 (0.53- 0.32 1.88 (0.38-
7.09) ’ 9.32) 0.44 1.78(0.23-14.0) 0.58
Smoker
No 1.00 1.00 1.00
Yes 1.71 (0.44- 0.44 0.97 (0.19- .
6.64) ’ 4.81) 0.97
Missing  2.82 (0.42- 0.29 1.96 (0.29- i
19.0) ' 13.2) 0.49
Previous malignancy
No 1.00 1.00 1.00
Yes 2.41(0.99- 0.05 2.86 (0.68-
5.90) ) 12.1) 0.15 2.13(0.68-6.63) 0.19
Side
Right 1.00 1.00 1.00
Left 1.02 (0.45- 0.96 1.10 (0.26-
2.31) ' 4.65) 090 0.98(0.37-2.63) 0.97
Intervention
Lobectomy 1.00 1.00 1.00
Bilobectomy 0.90 (0.11- 0.92 1.49 (0.16- i
7.24) ' 13.6) 0.72
Lobectomy+wedge 0.77 (0.10- 0.80
5.91) ’ - 1.23 (0.15-9.93) 0.85
Pneumonectomy 1.79 (0.74- 0.20 2.37 (0.42-
4.36) ' 13.4) 0.33 1.71(0.61-4.77) 0.31
Segmentectomy 3.21 (0.34- 0.31 3.93 (0.35- .
30.7) ’ 43.5) 0.27
Tumor size (mm) -
Per 10mm 1.13 (0.94- 0.18 0.92 (0.48-
1.35) ’ 1.76) 0.80 1.11(0.92-1.34) 0.27
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pT

pT1 1.00 1.00 1.00
pT2 3.16 (0.97- 0.06 3.28 (0.52-
10.3) ' 20.8) 0.21 2.52(0.54-11.8) 0.24
pT3/pT4 0.82(0.17- 0.81 i
3.98) ) 0.80(0.13-4.81) 0.81
Missing  2.31 (0.56- 0.25 2.56 (0.41-
9.55) ' 16.1) 0.32 1.71(0.15-19.2) 0.66
Lymph nodes
N1 resected 0.99 (0.89- 0.80 0.91 (0.70-
1.09) ' 1.18) 0.48 1.05(0.92-1.20) 0.48
N1 positive  1.05 (0.85- 0.63 1.14 (0.86-
1.30) ' 1.52) 0.37 1.09(0.76-1.57) 0.64
N2 resected 0.99 (0.91- 0.73 0.82 (0.59-
1.07) ' 1.15) 0.25 1.00(0.92-1.09) 0.99
N2 positive  0.80 (0.50- 0.36 0.77 (0.33-
1.29) ' 1.79) 054 0.92(0.51-1.67) 0.79
pN
pN1 1.00 1.00 1.00
pN2  1.14(0.49- 0.77 0.98 (0.24-
2.61) ' 4.07) 098 1.24(0.45-3.42) 0.68
Neoadjuvant treatment
None 1.00 1.00 1.00
CT and/or RT  1.66 (0.69- 0.26 4.82 (1.06-
3.99) ' 21.9) 0.04 1.07 (0.40-2.87) 0.89
Missing  3.12 (0.36- 0.30 4.52 (0.48- .
27.1) ) 42.9) 0.19
Adjuvant treatment
None 1.00 1.00 1.00
CT and/or RT 2.24 (0.86- 0.10 11.1 (1.05-
5.85) ) 117) 0.046 1.91(0.71-5.16) 0.20
Missing 1.15 (0.13- 0.90 1.27 (0.14- .
9.86) ) 11.4) 0.83
Postoperative
complications
No 1.00 1.00 1.00
Yes 1.34(0.55- 1.13 (0.13-
3.30) 0.52 9.76) 091 1.45(0.53-4.00) 0.47
Need for ICU
No 1.00 1.00 1.00
Yes 4.36(1.93- 3.64 (0.90-
9.82) 0.0004 14.8) 0.07 3.94 (1.46-10.7) 0.007

* Adjusted for tumor type. AC= atypical carcinoi@$= confidence interval CT= chemotherapy CT/RT=
chemo-radiotherapy ICU= intensive care unit HR=hazratio LCNEC= large-cell neuroendocrine
carcinoma PO= post-operative RT= radiotherapy Typictl carcinoids
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Table 4. Analysis of factors associated with post-operatiomplications.

Patients PO OR (95%
. P-value
complications CcD*
All patients 89 25(28.1%)
Tumor type
TC 21 1(4.8%) 1.00
AC 35 7(20.0%) 5.00(0.57-
43.9) 0.15
LCNEC 33 17(51.5%) 21.2(2.55-
177) 0.005
Age
<60 years 47 9(19.2%) 1.00
260 years 42 16(38.1%) 2.72(0.94-
7.82) 0.06
Sex
Men 49 18(36.7%) 1.00
Women 40 7(17.5%) 1.17(0.31-
4.49) 0.82
Smoker
No 28 5(17.9%) 1.00
Yes 55 19(34.6%) 0.61(0.13-
2.90) 0.53
Missing 6 . 0.61(0.05-
6.88) 0.69
Previous malignancy
No 73 19(26.0%) 1.00
Yes 16 6(37.5%) 1.95(0.54-
7.05) 0.31
Side
Right 51 12(23.5%) 1.00
Left 38 13(34.2%) 1.49(0.53-
4.19) 0.45
Intervention
Lobectomy 52 12(23.1%) 1.00
Bilobectomy 9 2(22.2%) 1.41(0.22-
9.02) 0.72
Lobectomy+wedge 6 3(50.0%) 3.83(0.55-
26.5) 0.17
Pneumonectomy 19 8(42.1%) 1.28(0.38-
4.40) 0.69
Segmentectomy 3 0(0.0%) -
Tumor size (mm)
Per 10mm 1.04(0.83-
1.30) 0.74
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pT

pT1 31 7(19.2%) 1.00
pT2 30 10(33.3%) 0.64(0.16-
2.49) 0.52
pT3/pT4 13 7(53.8%) 1.81(0.37-
9.01) 0.47
Missing 15 1(6.7%) 0.17(0.02-
1.71) 0.13
Lymph nodes
N1 resected 1.06(0.95-
1.19) 0.31
N1 positive 0.90(0.63-
1.28) 0.55
N2 resected 1.11(1.00-
1.22) 0.05
N2 positive 1.05(0.69-
1.59) 0.82
pN
pN1 52 14(26.9%) 1.00
pN2 37 11(29.7%) 1.29(0.45-
3.67) 0.64
Neoadjuvant treatment
None 61 15(24.6%) 1.00
CT and/or RT 26 10(38.5%) 0.85(0.26-
2.73) 0.78
Missing 2 0(0.0%) -
Adjuvant treatment
None 65 15(23.1%) 1.00
CT and/or RT 18 8(44.4%) 0.91(0.26-
3.21) 0.88
Missing 6 2(25.0%) 1.60(0.23-
11.1) 0.63

* Adjusted for tumor type. AC= atypical carcinoi@$= confidence interval CT= chemotherapy CT/RT=
chemo-radiotherapy

HR=hazard ratio ICU= intensive care unit LCNEC=gkxcell neuroendocrine carcinoma PO= post-
operative

RT= radiotherapy TC= typical carcinoids
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Figure Legends

Figure 1: Overall survival of TC(N+), AC(N+) and LCNEC(N+).

AC=atypical carcinoid; LCNEC= and large cell neurdecrine carcinoma; OS=overall survival;
TC=typical carcinoid

Figure 2: Overall survival of TC(NO), AC(NO) and LCNEC(NO).

AC=atypical carcinoid; LCNEC= and large cell neurdecrine carcinoma; OS=overall survival;
TC=typical carcinoid

Figure 3: Overall survival of TC or AC according to nodeatsts.

AC=atypical carcinoid; OS=overall survival; TC=tgpl carcinoid

Figure 4. Overall survival of LCNEC (NO) and LCNEC (N+).

LCNEC=large cell neuroendocrine carcinoma; OS=dvsuavival
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