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Abstract

Introduction: Poorly differentiated neuroendocrine carcinomas (NECs) are characterized by aggressive clinical course
and poor prognosis. No reliable prognostic markers have been validated to date; thus, the definition of a specific NEC
prognostic algorithm represents a clinical need. This study aimed to analyze a large NEC case series to validate the
specific prognostic factors identified in previous studies on gastro-entero-pancreatic (GEP) and lung NECs and to
assess if further prognostic parameters can be isolated. Methods: A pooled analysis of four NECs retrospective
studies was performed to evaluate: the prognostic role of Ki-67 cut-off, the overall survival according to primary
cancer site, and further prognostic parameters using multivariable Cox proportional hazards model and machine-
learning random survival forest (RSF). Results: 422 NECs were analyzed. The most represented tumor site was the
colorectum (n=156, 37%), followed by the lungs (n=111, 26%), gastroesophageal site (n=83, 20%,; 66 gastric, 79%).
The Ki-67 index was the most relevant predictor, followed by morphology (pure or mixed/combined NECs), stage, and
site. The predicted RSF response for survival at 1, 2, or 3 years showed decreasing survival with increasing Ki-67, pure
NEC morphology, stage IlI-IV, and colorectal NEC disease. Patients with Ki-67 <55% and mixed/combined morphology
had better survival than those with pure morphology. Morphology pure or mixed/combined became irrelevant in
NECs survival when Ki-67 was 255%. The prognosis of metastatic patients who did not receive any treatment tended
to be worse compared to that of the treated group. The prognostic impact of Rb1 immunolabeling appears to be
limited when multiple risk factors are simultaneously assessed. Conclusion: The most effective parameters to predict
OS for NEC patients could be Ki-67, pure or mixed/combined morphology, stage, and site.
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Introduction

According to morphology and proliferation rate, neuroendocrine neoplasms (NENs) are classified into well-
differentiated neuroendocrine tumors (NETs) and poorly differentiated neuroendocrine carcinomas (NECs) [1].
NECs, regardless of the tumor site, are high-grade cancers, mostly diagnosed at a late stage and characterized by
aggressive clinical course and poor prognosis [2-5]. Due to their relative rarity, no reliable prognostic markers have
been validated to date. The therapeutic indications assume they have a clinical behavior similar to small-cell lung
cancer (SCLC). Therefore, NECs are usually treated with platinum—etoposide chemotherapy, but this approach does
not give satisfactory results in all patients [6—9]. Consequently, the definition of a specific NEC prognostic algorithm
represents a clinical need.

Overall, different studies defined further prognostic factors to enhance the classification of NECs [5,9—14]. Based on
the genomic profile of lung cancers, large cell NECs (LCNECs) have been distinguished into non-SCLC (NSCLC)-like,
characterized by alterations in TP53 and KRAS/STK11/KEAP1, and SCLC-like, characterized by concurrent TP53 and
RB1 inactivation, high proliferative rate, and shorter overall survival (OS) despite a high response rate to
chemotherapy [12,13,15,16]. Gastro-entero-pancreatic (GEP) NECs have been distinguished into two categories
according to the Ki-67 proliferation index, considering 55% as a threshold value: GEP-NECs with Ki-67 255% are
characterized by very poor survival despite a better response to platinum-based chemotherapy compared to GEP-
NECs Ki-67 <55% (median OS: 5.3 vs 24.5 months) [5,10,11,17-20]. Our experience showed that 55% Ki-67 threshold
as a prognostic factor is also shared with mixed GEP-NECs (MiNENs, mixed neuroendocrine neoplasms) neoplasms
[19] and pure and combined LCNECs [21]. Similar to GEP-NEC, and especially in the colon—rectum, Ki-67 255% in the
neuroendocrine component is associated with the worst prognosis and shares morphological and molecular features
with lung LCNECs [22]. Of note, TP53 and RB1 alterations are more frequent in GEP-NECs with Ki-67 >55% than with
<55%.

The present study aims to analyze a large NECs case series to validate the specific prognostic factors identified in
previous independent studies on GEP-NECs and lung LCNECs and assess if further prognostic parameters can be
isolated. With this in mind, pooled data from four large studies on NECs patients were used to investigate the
prognostic role of Ki-67 cut-off, the OS according to primary cancer site, and to define further prognostic parameters
by multivariable Cox proportional hazards model and machine-learning random survival forest (RSF).

Methods

Study design

We performed a pooled analysis of four retrospective studies on Italian patients with NENs [10,18,19,21]. Those
studies were selected since they are, to the best of our knowledge, the only studies comprehensively analyzing
clinical, morphological, immunohistochemical and molecular data of patients with GEP and lung NECs. Qualified
pathologists performed a central review of all specimens in common sessions, with the majority voting in odd groups
for all studies. Information on clinical and therapeutic outcomes was collected consistently among all studies. All
studies are published and were conducted according to the clinical standards of the Helsinki Declaration and
approved by the relevant Ethics Committees.

Only patients with NEC were included in the present analysis; patients classified as NET G3 in the previous series were
also excluded [21].

The pooled analysis considered: a) gender; b) age; c) pure neuroendocrine morphology or mixed/combined with non-
neuroendocrine components (adenocarcinoma or squamous cell carcinoma or mucinous or signet ring cell); d)
pathological tumor staging according to the Union for International Cancer Control/American Joint Committee on
Cancer (AJCC/UICC) 8™ edition for each tumor site; e) immunohistochemistry (IHC) in NEC component for Ki-67 (MIB-
1), SSTR2A, p53 and rb1; and f) mutation for TP53, RB1, KRAS and BRAF genes. The outcome variable was OS, defined
as the time in months from the date of diagnosis to death from any cause or last follow-up, whichever occurred first.
SSTR2A IHC was evaluated using a four-tiered system with scores 0 and 1 considered negative according to Volante et
al [23]. IHC for p53 and Rb1 were scored as absent or present to minimize assessment variability. Specifically, staining
was evaluated as “absent” in the case of negative or low/moderate expression in a minority of cells, while
overexpression in most cells was evaluated as “present.” Ki-67 labeling index was assessed as a percentage of positive
cancer cells in areas of highest labeling.
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Statistical Analysis

Data were analyzed by descriptive statistics. Clinical and pathologic characteristics of patients were stratified
according to the tumor site. OS curves were calculated using the Kaplan—Meier method, and the log-rank test was
used to assess the survival difference between patient groups. Univariable and multivariable Cox proportional
regression analyses were used to assess the association between clinicopathological characteristics and OS.
Nonparametric machine learning RSF was used to build a risk prediction model in survival analysis and investigate the
most important variables. Detailed information on statistical analysis is reported in Supplementary methods.

Results

Baseline characteristics

Overall, 422 patients were considered (Figure 1). Table 1 summarizes the clinicopathological features of included
patients. Most patients were males (67%, n=283) and aged >60 years (n=291, 69%; 130 patients, 31%, were >70
years). The most represented tumor site was the colorectum (n=156, 37%), followed by lung LCNEC (n=111, 26%),
gastroesophageal (n=83, 20%; 66 gastric, 79%) and pancreas (n=42, 10%). Most patients (n=346, 82%) had stage IlI-IV
disease, and only 76 (18%) had stages I-Il disease.

Pure neuroendocrine morphology (n=227, 54%) was slightly more represented than the mixed/combined (n=195,
46%), though more frequent in colorectal (59%), gastroesophageal (53%) and gallbladder/biliary (83%) compared to
lung (31%) and pancreas (33%). All NECs in the small intestine (duodenum-ileum—cecum) had pure morphology. The
median Ki-67 labeling index was 70% (range: 20-98%). Ki-67 was lower in lung LCNEC than in GEP sites (p=0.003).
Overall, TP53 was the most frequently mutated gene, with mutation reported in 78/169 (46%) patients, followed by
KRAS (27/169, 16%), RB1 (12/98, 12%), and BRAF (7/169, 4%).

Survival analysis

In the overall cohort, the median OS was 13 months (95% Cl: 12—14) (Supplementary Figure 1). Ki-67 at 55% was the
best prognostic factor for 3-year mortality. Using Kaplan—Meier analysis, patients with Ki-67 <55% had a significatively
longer OS (median: 32 months; 95% Cl: 28—39) than patients with Ki-67 >55% (median: 11 months; 95% Cl: 9-12; log-
rank p<0.0001) (Figure 2). Patients with mixed/combined morphology had longer OS (median: 14 months; 95% Cl:
13-16) versus those with pure NEC morphology (median: 12 months; 95% Cl: 9-15; log-rank p=0.006)
(Supplementary Figure 2). Interestingly, when merging morphology and Ki-67 proliferative groups, patients with
mixed/combined morphology and Ki-67 <55% had longer OS (median 41 months; 95% Cl: 36—68) when compared to
both pure NECs morphology and Ki-67 <55% (median: 21 months; 95% Cl: 17—30) and either mixed/combined or pure
morphology and Ki-67 255% (median: 12 months (95% Cl: 11-13) and 9 (95% Cl: 8—11), respectively) (Figure 3).
Survival by tumor site

Median OS was 11 months for colorectal, 13 months for gastroesophageal, 17 months for pancreas, 17 months for
gallbladder/biliary, 6 months for ileum—cecum—duodenum, and 17 months for lung NEC. During Kaplan-Meier
analysis, patients with colorectal NEC had significantly shorter OS than patients with pancreatic NEC and lung LCNEC
(log-rank p=0.01 and p<0.001, respectively) (Figure 4). In addition, patients with gastroesophageal NEC had shorter
OS than patients with pancreas NEC (p=0.09) and lung LCNEC (p=0.04).

Cox multivariable analysis

At multivariable cox model analysis, the variables stage, site, morphology and Ki-67 were significantly associated with
survival (Table 2). Ki-67 =55 significantly increased the HR by a factor of 5.51 (95% Cl: 3.98-7.63; p<0.0001), while
pure NECs neuroendocrine morphology was associated with a 41% increase in HR for survival compared to
mixed/combined (95% Cl: 1.12-1.76; p=0.003). Stage llI-1V disease significantly increased HR by 47% (95% CI: 1.01—
2.14; p=0.04), while pancreatic disease was associated with a 42% decrease in HR (95% CI: 0.39-0.87; p=0.008)
compared with patients with colorectal NEC. Furthermore, Cox multivariable analysis of the 169 patients with
molecular data showed that pure NECs neuroendocrine morphology (HR: 1.70, 95% Cl: 1.07-2.70; p=0.02) and Ki-67
>55 (HR: 6.87; 95% Cl: 3.87-12.18; p<0.0001) were significantly associated with survival (Supplementary Table 1).
RSF and Evaluation of Survival Predictions

The variable importance of RFS showed that Ki-67 was the most important variable (wider blue bar), followed by
morphology, stage, site, age, and Rb1 IHC (Figure 5). Predicted responses for survival at 1, 2, and 3 years showed
decreasing survival with increasing Ki-67, pure neuroendocrine morphology, stage IlI-1V, and colorectal and
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gastroesophageal NEC disease (Supplementary Figure 3). Furthermore, with Ki-67 55% cut-off, RSF showed that
patients with Ki-67 <55% and mixed/combined morphology had longer survival than those with pure morphology.
Morphology became irrelevant for survival when Ki-67 was >55% (Figure 6).

Medical therapy

Information on therapy was available for about half of the present cohort (n=240, 60%, Supplementary Table 2). Most
patients (n=162/240, 67.5%) received platinum-based chemotherapies, 25 (10.4%) patients received other therapies,
and 53 patients (22.1%) did not receive any treatment at all. This latter group comprised six patients at stage I, nine at
stage Il, 31 at stage Ill and seven at stage IV. Overall, focusing on the metastatic disease (n=86/240, 35.8%,
Supplementary Table 3), Ki-67 index 55% cut-off was statistically confirmed for all the treated population (n=79/86,
91.9% Supplementary Figure 4) and also for the platinum-based chemotherapies group (n=70/86, 81.4%
Supplementary Figure 5). The prognosis of the metastatic patients who did not receive any treatment tended to be
worse compared to that of the treated group (HR 2.14, 95% Cl: 0.97-4.72;p=0.06).

Discussion

The clinical management of NECs is controversial: the standard therapeutic approach is the same for all GEP-NECs,
and no defined treatment regimen exists for lung LCNECs. Therapeutic indications are often derived from small and
heterogeneous studies and are usually borrowed from the treatment of NSCLC and SCLC [6,9]. Furthermore, no
reliable marker to predict clinical outcomes has been definitively validated to date.

We performed a pooled analysis of four retrospective studies of GEP-NECs and lung LCNECs to assess differences in
0S according to different parameters. An extensive central review of a large series of cases (n=848) was performed;
therefore, data obtained from the 422 included patients can be considered higher quality than previous studies based
on a single series of raw data. Our data showed that the most relevant predictor identified by both Cox model and
methods of selecting significant variables of machine learning RSF was Ki-67 followed by morphology, stage, and site.
The predicted RSF response for survival at 1, 2, or 3 years showed decreasing survival with increasing Ki-67, pure NEC
morphology, stage llI-1V, and colorectal NEC disease. Colorectal and gastroesophageal NEC patients had shorter OS
than pancreatic NEC and lung LCNEC. Furthermore, patients with Ki-67 <55% and mixed/combined morphology had
better survival than those with pure morphology. Morphology became irrelevant in NENs when Ki-67 was >55%.
Several studies have explored the predictive value of Ki-67 index in NEC with conflicting results. In particular, Sorbye
et al. initially reported that GEP NEC patients with Ki-67 <55% had longer survival than patients with Ki-67 >55% but
were less responsive to platinum-based chemotherapy [5]. Other independent studies demonstrated the prognostic
and therapeutic value of Ki-67 in NECs with a cut-off of 55% [10,19,20,24,25]. On the other hand, Elvebakken et al.
confirmed that GEP NEC with Ki-67 255% had a significantly better response rate (RR) to chemotherapy compared to
NEC with Ki-67 <55%, but OS between these groups was equal: these findings could be probably explained by the
inferior benefit of platinum/etoposide seen in NEC with Ki-67 <55% [11]. In addition, the authors reported no Ki-67
re-evaluation. No OS difference by applying a 55% Ki-67 cut-off was reported recently by Hadoux et al. on metastatic
pure NECs from different origins treated first-line with platinum etoposide [26]. A study on a cohort of 77 lung
LCNECs showed that neither OS nor disease-free survival significantly correlated with stratification by Ki-67% into six
or two classes, whether 220% or 240% were used as cut-off points [27].

Results of this pooled analysis supported the key role of 55% cut-off for Ki-67 as a prognostic factor in NECs. These
contrasting results may be related to the multiplicity of organs included in the studies with consequent morphological
and therapeutic heterogeneity of cases, as well as the lack of standardized cytomorphological criteria and Ki-67
evaluation of these neoplasms in all the sites. Further prospective studies are needed to validate this cut-off in
different anatomical origins.

We observed that colorectal and gastroesophageal NEC patients had shorter OS than pancreatic NEC and lung LCNEC.
In previous studies, the primary site was already recognized as a prognostic factor in NECs, even with non-
homogeneous results. In accordance with our results, Elvebakken et al. reported that pancreatic NEC has a superior
progression-free survival and OS compared to colorectal NEC [11]. Instead, in a pure NEC metastatic patients’ cohort
of different primary including GEP, thoracic, gynecologic, head and neck, prostate and unknown origins, Hadoux et al.
did not find any survival difference as per the primary location [26]. Dasari et al. analyzed 162,983 NENs from the
SEER database and showed lung NECs had the worst prognosis [28]. However, this result should be considered with
caution since a morphological review of cases by expert NEN pathologists was not performed, and the lung NEC
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group was most constituted by SCLC (95.2%). Our pooled analysis comprised only lung LCNEC. Therefore, this
discrepancy could be related to the cell type since our study is enriched by large-cell type as the most represented
morphology in the digestive system, in addition to the treatment heterogeneity among different sites of origins.

The stage had a significant effect on patients’ survival time, which is consistent with many studies showing that NEN
with stages Ill and IV had a poor prognosis. Specifically, Alese et al., on a large series of GEP-NECs, showed that stage
IV patients classified as such by the AJCC had the worst prognosis [29]. Zhou et al. showed that for the 126 lung
LCNECs investigated, the 1-year OS rate was significantly poorer in patients with advanced stages [30]. In agreement
with our data, patients with stage IlI-IV had the worst prognosis.

NECs stratified by proliferation rate demonstrated significant differences in response to chemotherapy and,
therefore, pivotal in guiding therapeutic selection [5]. Unfortunately, in our analysis, even if it regards the largest
cohort currently inquired, the response to first-line therapy treatment was scarce and fragmented; therefore, no
adequate conclusion can be drawn. Subsequent studies for the analysis of this aspect are therefore warranted.
Recently, Rb1 has been described as a relevant candidate to drive therapeutic decisions, and therefore its prognostic
impact on OS has been highlighted [15,31]. Hijioka et al. observed that loss of Rb immunolabeling was a predictive
marker of response to platinum-based chemotherapy and an OS-independent prognostic factor [32]. The prognostic
value of Rb1 has also been demonstrated by Tanaka et al on pancreatic NEC, proving that loss of expression is
associated with unfavorable prognosis in univariate but not multivariate analysis [33]. Our pooled analysis, including
different sites, confirms this observation: the prognostic impact of Rb1 does not appear to be independent when
multiple risk factors are simultaneously assessed.

Despite the absence of molecular indicators in the predictive models, prognostic indications from our observations
underline the importance of adequate pathological analysis. RFS alghoritm incorporates all univariate and
multivariate effects automatically, so each predicted point is dependent on the full combination of all risk factors.
Using VIMP (variable importance), a measure of how important is a variable, we showed the pivotal role of Ki-67
followed by morphology, stage and site in predicting survival. RSF has been complementary to the Cox model with
similar performance for both models, as demonstrated by Chen et al. [34]. Therefore, the present data indicate that
appropriate pathological diagnosis based on proliferation activity, morphology and disease stage by TNM
classification are essential for diagnostic and therapeutic decision-making, as reported by ESMO Clinical Practice
Guidelines [35]. Indeed, the easily accessible pathology analysis is sufficient for assessing the identified risk factors
and for the consequent stratification of patients according to different prognostic categories, potentially resulting in
therapeutic indications.

Nonetheless, intrapatient heterogeneity among lesions may be present [36], and tissue sampling of multiple lesions
may be unfeasible. Therefore, additional and complementary imaging techniques may be used in patients affected by
NECs. Particularly, positron emission tomography (PET)/computed tomography (CT) has been proven of value in
disease staging [37] and risk stratification [38—40] using 2-(*8F)fluoro-2-deoxy-D-glucose ((*®F)FDG) and somatostatin
targeting radiopharmaceuticals labelled with ®Ga. Moreover, in a preliminary investigation, the ®%Ga-labelled
1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid - Phel-Tyr3-octreotide (DOTA-TOC)-PET/CT findings have
been found to be correlated with loss of expression of tissue biomarkers (e.g. RB1 expression) [38].

The present study is a retrospective pooled analysis; therefore, several limitations should be acknowledged. First, it is
a pooled analysis limited to retrospective studies. Second, heterogeneity between the cohorts with respect to data
collection and the quality and detail of information available may exist. Third, the predominance of the large cell type
could not fully describe NECs biological features. Fourth, fragmented and limited molecular alterations and the
absence of treatment data in the predictive models may have been a source of bias.

Conclusion

The low prevalence, biological heterogeneity, and lack of information on the disease course hinder the definition of
new prognostic indicators for NECs. Due to their rarity, pooled analysis of survival data may provide helpful
information in understanding the course of this disease. Our results, obtained after an extensive central review of a
large cohort, showed that NECs could display different survival depending on Ki-67 proliferation index, morphology
(pure or mixed/combined NEC), stage, and site. Future integration of further clinical and molecular information on
large, standardized datasets of NECs will likely result in a better understanding of their pathogenesis and possibly
better therapy for this rare and deadly disease.
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Figure Legends
Figure 1. Study flowchart. Source: original.
Figure 2. Overall survival in poorly differentiated neuroendocrine carcinoma according to Ki-67 <55 vs Ki-67 255%;

Top right: ROC and time-dependent area under the curve for the prediction of 3-year mortality according to Ki-67.
Source: original.

Figure 3. (A) Overall survival in poorly differentiated neuroendocrine carcinoma according to morphology and Ki-67
and (B) pairwise comparisons using Log-Rank test. Source: original.

Figure 4. (A) Overall survival of 422 poorly differentiated neuroendocrine carcinoma according to tumor sites and (B)
pairwise comparisons using Log-Rank test. Source: original.

Figure 5. Variable importance (VIMP) of random survival forest. Blue bars indicate positive VIMP, red indicates
negative VIMP. Importance is relative to positive length of bars. VIMP: Variable importance. Source: original.

Figure 6. Variable dependence coplot of survival at 1 (A), 2 (B) and 3 (C) years of morphology group membership,
conditional on Ki-67 55% cut-off. Symbols with red circles indicate censored cases and blue triangle indicate death

events. Source: original.
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Tablel. Characteristics of patients with poorly differentiated neuroendocrine carcinomas.

lleum—cecum-—

All patients Colorectal Gastroesophageal | Lung (n=111), n| Pancreas |Gallbladder/biliary
duodenum appendix |p-value*
(n=422), n (%) | (n=156), n (%) (n=83), n (%) (%) (n=42), n (%) (n=12), n (%)
(n=18), n (%)
Sex:
Male| 283(67.1) 97 (62.2) 67 (80.7) 74 (66.7) 27 (64.3) 8 (66.7) 10 (55.6)
Female| 139 (32.9) 59 (37.8) 16 (19.3) 37 (33.3) 15 (35.7) 4 (33.3) 8 (44.4) 0.08
Age (years):
<50| 56 (13.3) 20 (12.8) 11 (13.3) 13 (11.7) 9 (21.4) 0 (0.0) 3(16.7)
51-60| 75 (17.8) 33(21.2) 10 (12.0) 23 (20.7) 8(19.0) 0 (0.0) 1(5.5)
61-70| 161 (38.2) 58 (37.2) 34 (41.0) 40 (36.0) 16 (38.1) 6 (50.0) 7 (38.9)
70+| 130(30.8) 45 (28.8) 28 (33.7) 35(31.6) 9 (21.5) 6 (50.0) 7 (38.9) 0.45
Stage:
I| 35(8.3) 1(1.0) 1(1.2) 33 (29.7) 0 (0.0) 0 (0.0) 0 (0.0)
| 41(9.7) 7 (4.5) 6(7.2) 23 (20.7) 5(11.9) 0 (0.0) 0 (0.0)
| 202 (47.9) 91 (58.3) 52 (62.7) 30 (27.0) 16 (38.1) 8 (66.7) 5 (27.8)
V| 144 (34.1) 57 (36.5) 24 (28.9) 25 (22.5) 21 (50.0) 4 (33.3) 13 (72.2) <0.0001
Morphology:

Pure| 227 (53.8) 64 (41.0) 39 (47.0) 76 (68.5) 28 (66.7) 2 (16.7) 18 (100.0)
Mixed/combined | 195 (46.2) 92 (59.0) 44 (53.0) 35 (31.5) 14 (33.3) 10 (83.3) 0 (0.0) <0.0001
Ki-67, median

70 (20-98) 75 (25-98) 70 (25-95) 66 (20-95) 70 (24-95) 70 (30-98) 70 (23-90) 0.003

(range)




SSTR2A:

Absent 0-1| 246 (69.9) 95 (73.6) 46 (80.7) 69 (62.2) 24 (61.5) 6 (60.0) 6 (100.0)
Present 2-3| 106 (30.1) 34 (26.4) 11 (19.3) 42 (37.8) 15 (38.5) 4 (40.0) 0(0.0) 0.04
p53 IHC:
Absent| 97 (31.6) 32 (28.6) 15 (27.3) 32 (28.8) 12 (60.0) 6 (66.7) 0(0.0)
Present| 210 (68.4) 80 (71.4) 40 (72.7) 79 (71.2) 8 (40.0) 3(33.3) 0(0.0) 0.01
rb1 IHC:
Absent| 137 (46.3) 60 (56.1) 20 (39.2) 43 (38.7) 10 (52.6) 4 (50.0) 0(0.0)
Present| 159 (53.7) 47 (43.9) 31 (60.8) 68 (61.3) 9 (47.4) 4 (50.0) 0(0.0) 0.09
TP53:
Wild-type| 91 (53.8) 35 (59.3) 21 (60.0) 21 (35.6) 11 (84.6) 3 (100.0) 0(0.0)
Mutated | 78 (46.2) 24 (40.7) 14 (40.0) 38 (64.4) 2 (15.4) 0(0.0) 0(0.0) 0.001
RB1:
Wild-type| 86 (87.8) 21 (95.5) 11 (100.0) 48 (81.4) 6 (100.0) 0(0.0) 0(0.0)
Mutated | 12 (12.2) 1(4.5) 0(0.0) 11 (18.6) 0(0.0) 0(0.0) 0(0.0) 0.17
KRAS:
Wild-type | 142 (84.0) 45 (76.3) 34 (97.1) 48 (81.4) 12 (92.3) 3 (100.0) 0(0.0)
Mutated | 27 (16.0) 14 (23.7) 1(2.9) 11 (18.6) 1(7.7) 0(0.0) 0(0.0) 0.05
BRAF:
Wild-type | 162 (95.9) 53 (89.8) 35 (100.0) 59 (100.0) 12 (92.3) 3 (100.0) 0(0.0)
Mutated| 7 (4.1) 6(10.2) 0(0.0) 0(0.0) 1(7.7) 0(0.0) 0(0.0) 0.03

*p-value based on the Chi-squared test or Fisher’s exact for categorical variables and the Kruskal-Wallis test for continuous variables.




Table 2. Univariable* and multivariable* analysis of overall survival of patients with poorly differentiated neuroendocrine carcinoma

Multivariable

Variable Univariate P-value model HR P-value
(95% Cl)
Sex (male vs female) 1.13 (0.91-1.40) 0.29 - -
Age (increase of 10 years) 1.02 (0.93-1.13) 0.62 - -
Site:
Colorectal 1.00
1.00
lleum-cecum-duodenum| 0.99 (0.58-1.70) 0.98
Gallbladder/Biliary | 0.70 (0.32-1.55) 0.38 0.90 (0.42-1.95) 0.80
Gastroesophageal | 0.84 (0.63-1.10) 0.21 0.81 (0.62-1.07) 0.14
Lung LCNEC| 0.50(0.36-0.71) | <0.0001 | 0.69 (0.47-1.02) 0.06
Pancreas| 0.51 (0.34-0.77) 0.001 0.58 (0.39-0.87) 0.008
Stage (IlI-1V vs I-1) 1.68 (1.19-2.37) | 0.003 | 1.47(1.01-2.14) | 0.04
Morphology (pure vs combined) 1.42 (1.14-1.77) 0.001 1.41 (1.12-1.76) 0.003
Ki-67 (255 vs <55) 5.71 (4.13-7.89) | <0.0001 | 5.51 (3.98-7.63) | <0.0001
SSTR2A (2-3 vs 0-1) 0.95 (0.74-1.22) 0.68 - -
p53 IHC (present vs absent) 1.19 (0.90-1.57) 0.22 - -
rb1 IHC (present vs absent) 0.73 (0.56—0.95) 0.02 - -

*Stratified for center; multivariable model includes all factors strongly associated with overall survival (p<0.01) in univariate.
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