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ABSTRACT

Background. While platinum-based chemotherapy repre-

sents the standard treatment for advanced grade 3 (G3)

neuroendocrine neoplasms (NENs) according to the Euro-

pean Neuroendocrine Tumor Society guidelines, the role of

radical-intended surgery in these patients, as well as the use

of adjuvant chemotherapy, are still controversial. The aim

of the present work is to describe, in a retrospective series

of gastroenteropancreatic neuroendocrine neoplasms

(GEP-NENs) G3, the overall survival (OS) rate and risk

factors for death after radical surgery. Secondary aims are

the description of median recurrence-free survival (RFS)

and of the role of adjuvant chemotherapy.

Patients and Methods. Multicenter analysis of a series of

stage I–III GEP-NEN G3 patients receiving radical surgery

(R0/R1) with/without adjuvant chemotherapy was

performed.

Results. Sixty patients from eight neuroendocrine tumor

(NET) referral centers, with median follow-up of

23 months (5–187 months) were evaluated. While 28.6%

of cases had NET G3, 71.4% had neuroendocrine carci-

noma G3 (NEC G3). The 2-year OS rate after radical
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surgery was 64.5%, with a statistically significant differ-

ence in terms of Ki67 threshold (cut-off 55%, P = 0.03)

and tumor differentiation (NEC G3 vs. NET G3, P = 0.03).

Median RFS after radical surgery was 14 months, and

2-year RFS rate was 44.9%. Use of adjuvant chemotherapy

provided no benefit in terms of either OS or RFS in this

series.

Conclusions. Surgery with radical intent might represent a

valid option for GEP-NEN G3 patients with locoregional

disease, especially with Ki67 value B 55%.

Gastroenteropancreatic neuroendocrine neoplasms

(GEP-NENs) are characterized as G3 in 10–20% of cases,

with median OS ranging between 10 and 23 months.1,2

Several publications describe them as a heterogeneous

population, with prognosis depending on stage, prolifera-

tion index (Ki67),3 and differentiation.1,2,4–6 The World

Health Organization (WHO) had previously established a

classification (WHO 2017) distinguishing two subgroups of

pancreatic NENs G3: well-differentiated neuroendocrine

tumors (NET G3) versus poorly differentiated neuroen-

docrine carcinomas (NEC G3).7 This distinction has been

recently applied to all GEP-NENs G3 by the novel WHO

2019 classification.8 Among NEC G3, cell morphology can

further be differentiated into two subtypes: small cell and

large cell NEC.

While platinum-based chemotherapy represents the

standard treatment for advanced G3 cases according to the

European Neuroendocrine Tumor Society (ENETS)

guidelines,9 the role of radical-intended surgery for G3

patients as well as the use of adjuvant chemotherapy are

still controversial.10–21 Data in literature are in fact scanty

and derive from small series, leaving many questions

unanswered.

The aim of the present work is to retrospectively analyze

a series of nonmetastatic GEP-NENs G3 treated at diag-

nosis with radical surgery. OS was the primary endpoint,

along with possible associated risk factors. Secondary aims

include median RFS and RFS rates, and to investigate the

role of adjuvant chemotherapy.

PATIENTS AND METHODS

Patient Selection

In this multicenter retrospective analysis, patients who

fulfilled the following inclusion criteria were included:

newly diagnosed sporadic GEP-NENs G3, with stage I–III

disease and receiving upfront surgery with radical intent

(R0–R1).

The exclusion criteria were: presence of genetic syn-

dromes (i.e., type I multiple endocrine neoplasia, von

Hippel–Lindau syndrome), tumor primary site other than

GEP, G1–G2 tumors, presence of distant metastases, non-

radical surgery (R2 resection), use of neoadjuvant

treatment, follow-up time shorter than 6 months for alive

patients and/or lack of follow-up information.

All the patients signed an informed consent for treat-

ment. The study was approved by the scientific committee

of ENETS, whilst ethical approval was waived due to the

retrospective design of the study according to the regula-

tions of the single centers.

Patients were classified according to the ENETS tumor–

node–metastasis (TNM) staging system.22,23 The definition

(NEC G3 vs. NET G3) established for GEP-NENs G3

using the WHO 2019 classification8 was applied in the

present study by expert referral pathologists in each center.

After surgery, patients were followed up with imaging

(CT or MRI) every 3–6 months.

Disease recurrence was determined based upon the

results of all imaging tests and pathological findings

obtained during the postsurgical follow-up of each patient.

OS was defined as the time between radical surgery and

death or last follow-up, while RFS was calculated as the

interval between radical surgery and disease recurrence or

last follow-up.

Data Collection

The variables were retrospectively retrieved from paper

and/or electronic patient files in different centers, collected

in a shared database and analyzed focusing on: demo-

graphics (age, gender), tumor features (presence of a

clinical syndrome, primary site and primary size), histo-

logical features (Ki67, differentiation, cell morphology, R

status, and lymph node status and ratio), use of adjuvant

chemotherapy/radiochemotherapy (if performed), survival

data, disease recurrence, and first-line therapy after

recurrence.

According to lymph node ratio, patients were classified

into three categories: category 1 when ratio was 0; category

2 with ratio[ 0 but B 0.20 for pancreatic NENs (Pan-

NENs), or 0.60 for other primaries; category 3 with

ratio[ 0.20 and 0.60 for pancreas or other sites,

respectively.24,25

Statistical Analysis

Statistical analysis was performed using a dedicated

software program (Medcalc 15.6.1, www.medcalc.be). The

distribution of continuous variables is reported as median

and range. Comparison between the subgroups was carried

out using Fisher’s exact test or the Chi squared test for

noncontinuous variables, while the Mann–Whitney U test

or Kruskal–Wallis analysis of covariance was adopted for
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continuous variables. P value was considered as statisti-

cally significant when lower than 0.05. Survival analysis

was performed according to the Kaplan–Meier method;

log-rank test was used for comparison of survival curves.

The Cox regression model was used to investigate a pos-

sible correlation between tumoral features and disease

recurrence or death. All variables significant on univariate

analysis were included in the multivariate model.

RESULTS

Patient Features

Out of 108 patients screened in eight NET referral

centers, a total of 60 stage I–III patients fulfilled the

inclusion criteria (Supplementary Fig. 1). Main patient and

tumor features at surgery are presented in Table 1.

Primary tumor site was pancreatic in 25/60 (41.7%)

cases, and colorectal in 20/60 (33.3%). Other cases inclu-

ded appendiceal (3/60, 5.0%), gastroesophageal (5/60,

8.4%), duodenal (2/60, 3.3%), papilla of Vater (3/60,

5.0%), or ileal (2/60, 3.3%) primary locations.

A functioning tumor was observed in only two patients:

one glucagonoma and one gastrinoma.

Somatostatin receptors (SRs) were investigated pre-

surgery in 28 cases (7 by Octreoscan�, 13 by 68GaDOTA-

PET/CT, and 8 by immunohistochemistry), and SR

expression was observed in 15/28 (53.6%). The SR-posi-

tive neoplasms were pancreatic in 60.0% of cases and were

mainly NET G3 (P = 0.03).

NET G3 neoplasm was identified in 16/56 (28.6%)

cases, while 40/56 (71.4%) were NEC G3 (differentiation

was unknown in 4 cases). Small cell histomorphology was

shown in 14/40 (35.0%) NEC G3 patients, large cell NEC

TABLE 1 Patient features at surgery, with stratification according to treatment received

Feature All patients

(n = 60)

Curative surgery

(n = 40)

Curative surgery ?

adjuvant therapy (n = 20)

P-value

Gender [male; n (%)] 28 (46.7) 19 (47.5) 9 (45.0) 0.25

Age [years; median (range)] 57 (26–81) 56.5 (31–81) 58 (26–76) 0.97

Tumor primary site

Pancreas, n (%) 25 (41.7) 23 (57.5) 2 (10.0)

Colorectal, n (%) 20 (33.3) 7 (17.5) 13 (65.0)

Others, n (%) 15 (25.0) 10 (25.0) 5 (25.0) \ 0.01

T22,23

T1, n (%) 6 (10.0) 3 (7.5) 3 (15.0) 0.49

T2, n (%) 9 (15.0) 6 (15.0) 3 (15.0)

T3, n (%) 37 (61.7) 24 (60.0) 13 (65.0)

T4, n (%) 8 (13.3) 7 (17.5) 1 (5.0)

TNM staging 22,23

Stage I/II, n (%) 15 (25.0) 12 (30.0) 3 (15.0) 0.34

Stage III, n (%) 45 (75.0) 28 (70.0) 17 (85.0)

Lymph node ratio*

Ratio = 0, n (%) 14 (25.0) 11 (29.7) 3 (15.8) 0.09

Ratio[ 0 but B 0.20 (for pancreas) or

0.60 (for others), n (%)

30 (53.6) 16 (43.3) 14 (73.7)

Ratio[ 0.20 (for pancreas) or 0.60

(for others), n (%)

12 (21.4) 10 (27.0) 2 (10.5)

R status*

R0, n (%) 43 (76.8) 29 (76.3) 14 (77.8) 1.00

R1, n (%) 13 (23.2) 9 (23.7) 4 (22.2)

Ki67 [%; median (range)] 54 (25–100) 50 (25–90) 75 (25–100) \ 0.01

Tumor differentiation8*

NET G3, n (%) 16 (28.6) 15 (40.5) 1 (5.3) \ 0.01

NEC G3, n (%) 40 (71.4) 22 (59.5) 18 (94.7)

*Unknown in four cases

NET neuroendocrine tumor, NEC neuroendocrine carcinoma
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affected 14/40 (35.0%), while in 12/40 (30.0%) cell mor-

phology could not be determined. Patient features

according to tumor differentiation (NEC G3 vs. NET G3)

are reported in Supplementary Table 1.

Treatment Details

Surgical procedures are summarized in Table 2. Median

postoperative follow-up time was 23 months (range

5–187 months).

Adjuvant therapy was adopted in 20 (33.3%) cases

(Supplementary Fig. 1), with a median of 4 chemotherapy

cycles (range 2–12). Most patients receiving adjuvant

treatment had a colorectal primary and a higher Ki67 value

(mainly NEC G3 patients) (Table 1).

Primary Endpoint: Overall Survival

Twenty-five out of 60 (41.7%) patients had died at last

follow-up, 17 (28.3%) were alive but with recurrence, and

18 (30%) were alive and still disease free.

The 2-year OS rate of the study population after first

radical resection was 64.5%, with a median OS which was

not reached (Fig. 1a).

A statistically significant different OS was observed

according to Ki67, when the cut-off was set at 55%, and

based on tumor differentiation (NEC G3 vs. NET G3)

(P = 0.03; Fig. 1b, c).

The risk factor analysis (Table 3) showed the Ki67

value [as continuous variable, hazard ratio (HR): 1.02,

confidence interval (CI): 1.00–1.04, P = 0.01] as a signif-

icant prognostic factor, and there was a tendency towards

significance for age at surgery (as continuous variable) and

tumor differentiation (NEC G3 vs. NET G3: HR 4.24,

P = 0.05).

Secondary Endpoints

Disease recurrence was observed in 40/60 (66.7%)

patients. Recurrent disease was intra-abdominal in 80.0%

of cases and extra-abdominal in 20.0% (chest lymph nodes

observed in five patients, bone lesions in one, ocular

metastasis in one, and lung metastasis in one).

First-line approach after disease recurrence was char-

acterized by a further radical-intended surgery in 7/40

(17.5%) patients. In 29/40 (72.5%) a systemic treatment

was started: 25 patients received systemic chemotherapy, 1

everolimus, 1 peptide receptor radionuclide therapy

(PRRT), and 2 somatostatin analogs. The latter two

patients were NET G3, with Ki67 of 25% and 40%, and

disease recurrence was limited to abdominal lymph nodes.

In four patients, best supportive care was applied.

Median RFS was 14 months, with a 2-year RFS rate of

44.9% (Fig. 2a). No statistically significant risk factors for

disease recurrence were identified.

A limited number of patients (n = 20) had received

adjuvant therapy. These were mainly patients with NEC

(n = 18) and colorectal primary tumor (n = 13), with a

median Ki67 of 75% (Table 1). Use of adjuvant therapy

did not provide any benefit in terms of either OS or median

RFS in comparison with patients receiving only surgery

(Fig. 1d and 2b, respectively). The survival curves might

suggest a potential benefit of the adjuvant treatment for the

NEC G3 subgroup, but a statistical significance was missed

(P = 0.35 for OS, Fig. 1e; P = 0.45 for RFS, Fig. 2c).

DISCUSSION

The present study supports the idea that radical-intended

resection might be a valid therapeutic option also for GEP-

NEN G3 patients. A statistically significant different OS

was observed according to Ki67 value (cut-off: 55%) and

tumor differentiation (NEC G3 vs. NET G3), while median

TABLE 2 Description of surgical procedures

Surgical procedure N = 60

Pancreaticoduodenectomy 18

Abdominoperineal resection 11

Right hemicolectomy 11

Left pancreatectomy 9

Gastroesophageal resection 2

Total gastrectomy 2

Rectosigmoidal resection 1

Resection of transverse colon 1

Right hemicolectomy ? ovariectomy 1

Left pancreatectomy ? renal resection 1

Left pancreatectomy ? adrenal resection 1

Duodenal resection 1

Partial esophagectomy 1

cFIG. 1 Overall survival (OS) after radical surgery for the overall

population (a), according to Ki67 (cut-off value: 55%) (b), tumor

differentiation (c), treatment for overall population (d), and NEC G3

subgroup (e): a Median OS was not reached, and 2-year OS rate was

64.5%; b Median OS for Ki67 B 55% was not reached versus

26 months for Ki67[ 55%. The 2-year OS rates were 75.6% versus

53.1%, respectively (P = 0.03); c Median OS for NET G3 patients

was not reached, while NEC G3 cases showed a median OS of

33 months. The 2-year OS rates were 90.9% versus 58.5%,

respectively (P = 0.03); d Median OS for patients treated with

radical surgery only was not reached versus 40 months for patients

also receiving adjuvant therapy. 2-Year OS rates were 62.0% versus

69.1%, respectively (P = 0.87); e Median OS for the NEC G3 patients

treated with radical surgery only was 19 months versus 40 months for

the NEC G3 patients also receiving adjuvant therapy. The 2-year OS

rates were 47.7% versus 64.0%, respectively (P = 0.35)

E. Merola et al.
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RFS after surgery was 14 months. In addition, the present

data did not show any benefit in terms of survival rates for

adjuvant therapy in comparison with the radical resection

alone, although the number of patients with adjuvant

therapy was rather low in our study.

At the end of follow-up, the observed mortality was

41.7%, with half of the population still alive 5 years after

resection, independent of the primary tumor site. These

results can hardly be compared with data in the literature,

since previous papers investigating the role of surgery for

GEP-NENs G3 analyzed mixed patient populations with

different disease stages (stage I–III and stage IV), different

grading (G1–G2 and G3), and with short post-surgical

follow-up.6,10–12,15–17,20,21 The present study instead

includes a population without stage IV disease, receiving

R0–R1 surgery with median follow-up of 23 months (range

5–187 months) after resection.

Yoshida et al. 21 reported a benefit from radical surgery

in comparison with systemic therapies for non-metastatic

pancreatic NENs G3, showing an increased benefit in

NETs G3 in comparison with NECs G3. Performing a

subanalysis of our data focusing only on pancreatic cases,

OS rates are similar to the results from Yoshida et al.

Median OS for pancreatic NETs G3 was not reached either

in Yoshida et al. or in the present study, while for pan-

creatic NECs G3 such median was 16 and 19 months,

respectively. The post-surgical follow-up was longer,

however, in our study (median 23 months) in comparison

with Yoshida et al. (13.2 for NETs G3 and 9.2 months for

NECs G3, respectively), and we analyzed cases receiving

adjuvant treatments separately from patients receiving

surgery only.

The Ki67 value was herein confirmed as the major

prognostic factor also in these NEN G3 patients, and in

agreement with Sorbye et al.,3 the cut-off of 55% was able

to distinguish two subsets of patients with significantly

different OS (P = 0.03) (Fig. 1b). On the contrary, tumor

primary site showed no prognostic impact in terms of OS

(Table 3). This discrepancy may be due to the different

populations included in the two studies: 60 patients with

localized disease in the present population, and 305

patients with advanced unresectable NENs in the study by

Sorbye and coworkers.3

A statistically significant difference in OS was observed

with respect to tumor differentiation (NEC G3 vs. NET

G3), which can be considered as another valuable

TABLE 3 Risk factors for

death (outcome = overall

survival)

Variable Univariate analysis

HR 95% CI P

Gender (male vs. female) 0.75 0.34–1.65 0.48

Age at surgery, years* 1.03 0.99–1.06 0.05

Pancreatic versus other primary sites 0.84 0.37–1.89 0.67

Colorectal versus other primary sites 1.09 0.45–2.49 0.82

T (ref. T1)�22,23

T2 1.40 0.23–8.40 0.71

T3 1.52 0.35–6.69 0.57

T4 3.53 0.68–18.3 0.13

TNM staging (ref. stage I)22,23�

Stage II 1.08 0.13–9.03 0.94

Stage III 0.87 0.11–6.59 0.89

Lymph nodal ratio (ref. ratio = 0)�

Ratio[ 0 but B 0.20 (for pancreas) or 0.60 (for others) 0.60 0.23–1.60 0.31

Ratio[ 0.20 (for pancreas) or 0.60 (for others) 0.71 0.22–2.27 0.57

R1 versus R0 1.77 0.72–4.30 0.21

Ki67, %* 1.02 1.00–1.04 0.01

Ki67[ 55% 2.30 1.01–5.21 0.04

Tumor differentiation (NEC G3 vs. NET G3)8 4.24 0.99–18.09 0.05

Small cell versus large cell 0.89 0.33–2.41 0.82

Adjuvant therapy 1.07 0.47–2.42 0.87

Number of cycles of adjuvant therapy* 1.11 0.85–1.45 0.42

*Continuous variables

�Categorical variables

HR hazard ratio, CI confidence interval, NEC neuroendocrine carcinoma, NET neuroendocrine tumor

E. Merola et al.



prognostic factor for OS (P = 0.03) (Fig. 1c), consistent

with literature for stage IV disease.1,2,21 The results of the

present study show the prognostic impact of the recent

WHO 2019 classification,8 which has officially established

this distinction for all GEP-NENs G3.

Current evidence regarding the indications for adjuvant

treatment in NENs is still limited.14,17–19 In our population,

a significant benefit in terms of OS or disease recurrence

obtained with adjuvant therapy was not observed in com-

parison with patients receiving radical surgery alone.

However, these results should be taken with caution due to

the limitations of the present study: the low number of

patients who received an adjuvant therapy, the retrospec-

tive design, and the preselection bias represented by the use

of adjuvant treatment in case of higher Ki67 and non-

pancreatic neoplasms (Table 1). These limitations might

also explain why use of adjuvant treatment was not con-

firmed as a statistically significant prognostic factor for the

NEC G3 subgroup, although the survival curves might

suggest a potential benefit of this therapeutic strategy in

comparison with surgery alone (Figs. 1e and 2c). The

potential benefit of adjuvant treatment can only be evalu-

ated within a prospective trial, while our results rather

reflect a ‘‘real-world’’ setting, showing how, in NET

referral centers, use of adjuvant therapy was mainly

adopted in cases of aggressive disease.

CONCLUSIONS

Radical surgery represents a valid option for GEP-NENs

G3 with locoregional disease, especially for those with

Ki67 B 55%. In this series, use of adjuvant therapy did not

significantly affect either OS or RFS, but prospective

studies are warranted to confirm these results.
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patients treated with radical-intended surgery only was 12 months

versus 23 months for patients also receiving adjuvant therapy. The

2-year RFS rates were 43.5% versus 48.1%, respectively (P = 0.62);

c Median RFS for the NEC G3 patients treated with radical intended

surgery only was 10 months versus 23 months for the NEC G3

patients also receiving adjuvant therapy. The 2-year RFS rates were

31.8% versus 36.4%, respectively (P = 0.43)
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