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ABSTRACT 
Background. The concept of surgical centralization is 
becoming more and more accepted for specific surgical 
procedures.
Objective. The aim of this study was to evaluate the rela-
tionship between procedure volume and the outcomes of 
surgical small intestine (SI) neuroendocrine tumor (NET) 
resections.
Methods. We conducted a retrospective national study that 
included patients who underwent SI-NET resection between 
2019 and 2021. A high-volume center (hvC) was defined as 

a center that performed more than five SI-NET resections 
per year. The quality of the surgical resections was evaluated 
between hvCs and low-volume centers (lvCs) by comparing 
the number of resected lymph nodes (LNs) as the primary 
endpoint.
Results. A total of 157 patients underwent surgery in 33 
centers: 90 patients in four hvCs and 67 patients in 29 lvCs. 
Laparotomy was more often performed in hvCs (85.6% vs. 
59.7%; p < 0.001), as was right hemicolectomy (64.4% vs. 
38.8%; p < 0.001), whereas limited ileocolic resection was 
performed in 18% of patients in lvCs versus none in hvCs. A 
bi-digital palpation of the entire SI length (95.6% vs. 34.3%, 
p < 0.001), a cholecystectomy (93.3% vs. 14.9%; p < 0.001), 
and a mesenteric mass resection (70% vs. 35.8%; p < 0.001) 
were more often performed in hvCs. The proportion of 
patients with ≥8 LNs resected was significantly higher 
(96.3% vs. 65.1%; p < 0.001) in hvCs compared with lvCs, 
as was the proportion of patients with ≥12 LNs resected 
(87.8% vs. 52.4%). Furthermore, the number of patients with 
multiple SI-NETs was higher in the hvC group compared 
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with the lvC group (43.3% vs. 25.4%), as were the number 
of tumors in those patients (median of 7 vs. 2; p < 0.001).
Conclusions. Optimal SI-NET resection was significantly 
more often performed in hvCs. Centralization of surgical 
care of SI-NETs is recommended.

Keywords Small intestine · Surgery · Neuroendocrine 
tumors · Centralization

Surgical resection of small intestine (SI) neuroendocrine 
tumors (NETs) is the cornerstone of curative treatment, and 
may also be indicated at the metastatic stage.1,2 Resection of 
SI-NETs is standardized and must follow some rules. First, 
since there are multiple SI-NETs in 30–50% of patients,3 an 
entire digital palpation of the SI is always required and is 
classically performed by laparotomy.4 Although the exteri-
orization of SI is mandatory for palpation, the laparotomy 
could be assisted by laparoscopy. Second, guidelines rec-
ommend removing at least 8 lymph nodes (LNs), however 
removing at least 12 LNs is currently under debate because 
the quality of the LN resection is associated with better 
overall survival (OS).5–10 Lastly, cholecystectomy must 
be systematically performed to prevent lithiasis complica-
tions and ischemic cholecystitis post liver  embolization11,12 
complications found particularly in patients presenting with 
metastatic disease for whom somatostatin analog treatment 
and embolization could be performed.

Strong and consistent associations between high proce-
dural volume and improved clinical outcomes for pancre-
atectomy, esophagectomy, and hepatectomy have recently 
generalized the concept of centralization for complex 
surgical procedures in high-volume hospitals.13–16 There 
could be two explanations for the improved outcomes, 
i.e. the ‘practice makes perfect’ theory, which could 
be applied across the whole care management pathway 
(nurses, surgeon, oncologists, etc.), and the density of 
infrastructure, material, knowledge of specialists, and 
research.13,17 For interventions with a high morbidity 
rate, failure to rescue and 30-day mortality have often 
been used as quality assessment criteria.16,18 Herein, for 
SI-NET surgery, which is a low morbidity rate procedure, 
respect for the rules of oncological resection seems more 
relevant.4

To our knowledge, no studies have been published 
regarding centralization of SI-NET surgical care. There-
fore, a multicenter, retrospective cohort study was con-
ducted to investigate the impact of volume center on the 
quality of an oncological SI-NET resection, which is rep-
resented by the quality of the LN resection.

PATIENTS AND METHODS

Study Population

We identified patients treated in one of the 23 partici-
pant centers of the Groupe d’étude des Tumeurs Endocrines 
national database (GTE, N° CNIL 2219168, 5 January 
2021). Patient data were extracted using the keywords ‘small 
intestinal (jejunum and ileum) primary tumors’ and ‘surgery 
of the primary tumor’. Patients who underwent resection of 
the primary tumor of an histologically confirmed SI-NET 
between January 2019 and December 2021, regardless of 
tumor grade and stage, and those who were admitted on 
an emergency basis but who had not undergone emergency 
resection within the first 24 h after admission, were included 
in the present study. The exclusion criteria were a duodenal 
NET, a previous history of SI-NET resection, an emergency 
resection within the first 24 h after admission (ischemic coli-
tis/ileitis or peritonitis), and patients refusing to participate 
in this retrospective study. We also excluded patients for 
whom there was no, or too much, missing data, operative 
note, and/or pathological report.

Patients were treated within the ENDOCAN-RENATEN 
clinical network (constructed and supported by the GTE). 
This observational study followed the ethical guidelines of 
the 1975 Declaration of Helsinki and was approved by the 
Ethics Committee of the Hospices Civils de Lyon (number 
22-5544, 30 August 2021). Written information was pro-
vided to each patient included in the study. Their consent 
to participate was not required by French law but patients 
were informed about their right to withdraw their data from 
the cohort.

Data Collection

The following parameters were recorded at the time of 
surgery: age, sex, Eastern Cooperative Oncology Group Per-
formance Status (ECOG PS) scale, symptomatic presenta-
tion, presence of carcinoid syndrome, carcinoid heart dis-
ease (CHD), number and location of metastatic sites, uptake 
on somatostatin receptor imaging (SRI), serum plasma 
chromogranin A (CgA) and urine 5-hydroxyindoleacetic 
acid (5HIAA) levels, and presence of a mesenteric mass, 
which was defined as a mass >2 cm in size in its largest 
dimension.19 According to the study by Lardière–Deguelte 
et al.,7 mesenteric mass invasion was classified into five 
stages based on its proximity to the trunk and/or branches 
of the superior mesenteric artery (SMA). Stage 0 indicates 
no visible mesenteric LNs suspicious of malignancy; stage 
I involves the proximity to the SI; and stage II indicates the 
involvement of the distal branches of the SMA. Stage III is 
further divided into two subclasses: stage III up refers to 
the involvement of the SMA trunk with less than three to 
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four free jejunal branches, and stage III down indicates the 
involvement of more than three to four free jejunal branches. 
Lastly, stage IV signifies the invasion of the first jejunal 
arteries.

We reported the type of SI resection, the surgical 
approach (laparoscopy or laparotomy), the realization of a 
lymphadenectomy and extensive lymphadenectomy (includ-
ing the retropancreatic area), a cholecystectomy, palpation 
of the entire SI, length of hospital stay, death within 90 days 
after surgery, and the pathological results of the SI-NET 
resection. The R0 margin corresponded to microscopic free 
margin resection of all primary SI-NETs without regarding 
the presence of distant metastases.

In addition, we collected data from three questionnaires 
(when available in the medical files)—one developed before 
the study regarding the patients’ satisfaction of their surgical 
care (electronic supplementary material [ESM] Table 1a, b); 
the European Organisation for Research and Treatment of 
Cancer (EORTC) QLQ-C30; and the QLQ-GINET21 mod-
ule specific for patients with gastrointestinal NETs (Appen-
dix 1).20 The specific scoring procedure described in the 
EORTC QLQ-C30 version 3.0 scoring manual was used.21

Study Objectives

The primary objective was to compare the rate of optimal 
LN resection (≥8) according to the volume center. Patients 
were categorized into two groups according to the volume 
center of SI-NET resection performed per year, i.e. more 
than five for high-volume centers (hvCs) and five or fewer 
resections for low-volume centers (lvCs). This cut-off was 
validated after discussion among members of the GTE Sci-
entific Committee on 28 May 2021.

The secondary objectives were to compare the median 
number of resected LNs, the median LN ratio (LNR), the 
rate of extensive LN resection (retropancreatic area), the 
rate of bi-digital palpation of the SI total length, number 
of multiple SI-NETs, rate of cholecystectomy, and the rate 
of R0 resection (on the primary tumor and its regional LN/
mesenteric mass, not on distant metastases) according to the 
volume center. Due to the study design (inclusion between 
January 2019 and December 2021), we did not evaluate local 
recurrence-free survival (RFS) or OS since surgery.

Statistical Analysis

Categorical variables were expressed as percentages 
and compared using the Chi-square test or Fisher’s exact 
test when appropriate, while continuous variables were 
presented as median (interquartile range [IQR] Q1–Q3) 
and compared using the Mann–Whitney U test. Univari-
ate analyses of factors associated with number of LNs 
≥8 were performed by logistic regression; factors with a 

p-value <0.05 were introduced in a multivariate logistic 
regression. The association between volume center and 
number of LNs ≥8 was quantified using a linear mixed 
model. A p-value <0.05 was considered statistically sig-
nificant. All statistical analyses were performed using R 
package version 4.0.2.

According to a French single-center study,22 the propor-
tion of surgeries that included ≥8 LNs was 100% in the 
European Neuroendocrine Tumor Society (ENETS) Center 
of Excellence (CoE) versus 74% outside the CoE. Based 
on these results, the minimal number of patients required 
for this national study was calculated according to the fol-
lowing prespecified hypotheses: H0 = 70% of LNs ≥8 in 
lvCs and 90% of LNs in hvCs. Using, an α-risk of 5% and 
a power of 90%, 64 patients were required in each group.

RESULTS

Patient Characteristics at Diagnosis

A total of 439 patients who underwent an SI-NET resec-
tion were identified from the 23 ENDOCAN-RENATEN 
clinical networks of the national GTE database. Among 
these clinical networks, six agreed to participate, cor-
responding to 33 surgical centers and including 185 
patients. A total of 157 patients who underwent an SI-NET 
resection in 33 different surgical centers between Janu-
ary 2019 and December 2021 were finally included—90 
patients in 4 hvCs and 67 patients in 29 lvCs; 28 patients 
were excluded due to a lack of data (21 patients) or due 
to a resection performed within 24 h after admission (7 
patients) (Fig. 1).

The median age was 66 years (IQR 58–72), 56.7% were 
male, and 94.3% had an ECOG PS score of 0–1. A total of 
79.2% of patients had symptoms at surgery, mainly abdomi-
nal pain (33.7%) or diarrhea (29.2%); 18.8% had a carcinoid 
syndrome and only 5 patients (3.2%) had a CHD. Preopera-
tive work-up showed multiple SI-NETs for 19.6% of patients, 
regional LNs for 87.4% of patients, and a mesenteric mass 
for 55.8% of patients; distant metastatic disease was found in 
51.0% of patients, 41.5% in the liver, and 17% in the perito-
neum. SRI, quantification of CgA, and urine 5HIAA levels 
were performed before surgery in 73.5%, 39.7%, and 50.7% 
of patients, respectively (Table 1).

Patients operated in an hvC had more frequent carcinoid 
syndrome than patients operated in an lvC (23.3% vs. 10.9%; 
p = 0.049). Preoperative cardiac ultrasound (63.3% vs. 
15.8%; p < 0.001). Furthermore, preoperative SRI imaging 
(92.0% vs. 36.3%; p < 0.001), CgA quantification (57.5% 
vs. 8.2%; p < 0.001), and 5HIAA quantification (75.9% vs. 
6.1%; p < 0.001) were more frequently performed in hvCs 
compared with lvCs (Table 1).
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Surgery and Pathological Results

The median overall number of SI-NET resections per 
year and per center was 6.6 (IQR 2–17), 1 (IQR 1–3) in 
lvCs, and 17 (IQR 7.3–17) in hvCs. The median time from 

diagnosis to surgery was 128 days (IQR 61.5–201.5). In 54 
lvC cases (80.6%) and 50 hvC cases (55.6%) [p = 0.001], 
the pathological diagnosis was unknown preoperatively and 
was performed on surgical specimen. For 74.6% of patients, 
the surgical approach used was laparotomy, and the most 

TABLE 1  Preoperative characteristics of patients included in the high- and low-volume groups

Data are expressed as n (%) unless otherwise specified
CgA chromogranin A, ECOG PS Eastern Cooperative Oncology Group Performance Status, IQR interquartile range, SI small intestinal, SRI 
somatostatin receptor imaging, ULN upper limit of normal, 5HIAA 5-hydroxyindoleacetic acid

Variables N All [n = 157] High-volume C [n = 90] Low-volume C [n = 67] p-value

Age, years (median [IQR]) 157 66 [58–72] 64 [56–69] 69 [60–76] 0.004
Male 157 89 (56.7) 44 (48.9) 45 (67.2) 0.027
ECOG PS scale 0.840
 0–1 148 (94.3) 85 (94.4) 63 (94.1)
 ≥2 9 (5.7) 5 (5.6) 4 (5.9)

Symptoms at surgery 154 122 (79.2) 70 (78.7) 52 (80.0) 0.601
 Abdominal pain 52 (33.7) 31 (34.8) 21 (32.3) 0.0832
 Diarrhea 45 (29.2) 23 (25.8) 22 (33.8) 0.336
 Metastasis symptoms 21 (13.6) 13 (14.6) 8 (12.3) 0.729
 Asthenia 69 (44.8) 39 (43.8) 30 (46.1) 0.912
 Weight loss 22 (14.3) 13 (14.6) 9 (13.8) 0.947

Carcinoid syndrome 154 28 (18.8) 21 (23.3) 7 (10.9) 0.049
Cardiac ultrasound performed 157 66 (44.9) 57 (63.3) 9 (15.8) < 0.001
Carcinoid heart disease 154 5 (3.2) 4 (4.4) 1 (1.6) 0.314
Multiple SI tumors 153 30 (19.6) 22 (24.4) 7 (11.1) 0.043
Regional lymph nodes 143 125 (87.4) 83 (96.5) 42 (73.6) 0.003
Mesenteric mass 138 67 (48.6) 47 (53.4) 20 (40.0) 0.130
Lardière–Deguelte’s classification 59 < 0.001
 Classified 59 (37.6) 56 (62.2) 3 (4.4)
 ≥III down 21(35.6) 20 (35.7) 1 (33.3)

Number of distant metastatic sites 147 0.004
 0 72 (49.0) 36 (42.3) 36 (58.1)
 1 47 (32.0) 37 (43.5) 10 (16.1)
 2 17 (11.6) 10 (11.8) 7 (11.3)
 ≥3 11 (7.4) 7 (8.2) 4 (6.5)

Location of metastatic sites 147
 Liver metastases 61 (41.5) 44 (51.8) 17 (27.4) 0.022
 Peritoneum 25 (17.0) 15 (17.6) 10 (16.1) 0.853
 Distant lymph nodes 9 (6.1) 3 (3.5) 6 (9.7) 0.071
 Bone 7 (4.7) 3 (3.5) 4 (6.4) 0.295
 Other 7 (4.7) 7 (8.2) 0 0.034

SRI 132
 Performed before surgery 97 (73.5) 81 (92.0) 16 (36.3) < 0.001
 Uptake on SRI 92 (94.9) 76 (93.8) 16 (100) 0.308

CgA 136
 Performed before surgery 54 (39.7) 50 (57.5) 4 (8.2) < 0.001
 CgA in ULN (median [IQR]) 136 132 [58.5–272.5] 135.5 [58.5–277] 89.5 [72.5–1724.5] 0.429

5HIAA sample not performed 136
 Performed before surgery 69 (50.7) 66 (75.9) 3 (6.1) < 0.001
 5HIAA (median [IQR]) 136 54 [22–122] 54 [22.5–121.5] 30 [25–175] 0.914
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frequent types of surgery were right hemicolectomy (53.5%) 
and SI segmental resection (39.5%); the median length of SI 
resection was 90 cm (IQR 50–180). In addition, a cholecys-
tectomy was performed in 59.9% of patients and a bi-digital 
palpation was performed in 69.4% of patients; multiple 
tumors were palped in 35.7% of patients. R0 resection was 
obtained in 94.2% of patients (Table 2).

In hvCs, 85.6% of patients underwent surgery by laparot-
omy and 14.4% by laparoscopy, whereas in lvCs, 40.3% were 
operated by laparoscopy (p < 0.001). The emergency sur-
geries performed within 1 week after admission were more 
frequent in lvCs than in hvCs (38.3% vs. 10.9%; p < 0.001). 
Right hemicolectomies were more frequently performed in 
hvCs (64.4% vs. 38.8%; p < 0.001). Limited ileocolic resec-
tion was never performed in hvCs, but was performed in 
18.0% of patients in lvCs.

The median length of SI resection was 10 cm longer in 
lvCs than in hvCs (p = 0.001). Cholecystectomy (93.3% vs. 

14.9%; p < 0.001) and bi-digital palpation of the entire SI 
length (95.6% vs. 34.3%; p < 0.001) were more often per-
formed in hvCs than lvCs, and mesenteric mass was more 
often resected in hvCs (70.0% vs. 35.8%; p < 0.001). In 
hvCs, surgeons found multiple SI-NETs in 43.3% of patients 
compared with 25.4% of patients in lvCs (p  =  0.009). 
Among these patients, the median number of tumors con-
firmed on pathological specimens was also significantly 
higher in patients in hvCs compared with patients in lvCs 
(7 vs. 2; p < 0.001) (Table 2).

Quality of the Lymph Node Resection

In hvCs compared with lvCs, the proportion of resected 
LNs ≥8 was significantly higher (96.3% vs. 65.1%; 
p < 0.001), as was the proportion of LNs ≥12 (87.8% vs. 
52.4%; p < 0.001). An extensive lymphadenectomy was 
also more frequently performed in hvCs than lvCs (64.6% 

FIG. 1  Study flowchart. 
EORTC  European Organisation 
for Research and Treatment of 
Cancer

23 ENDOCAN-RENATEN centers identified through the GTE database
439 patients 

4 high Volume Centers (surgery)
90 patients

29 low Volume Centers (surgery)
67 patients

17 centers did not respond

6 ENDOCAN-RENATEN centers
157 patients

28 patients excluded for:
- Lack of data (n= 21)
- Resection performed within 24 

hours after admission (n= 7)

6 ENDOCAN-RENATEN centers
185 patients

Available questionnaires:
32 EORTC QLQ-C30

32 GINET21
32 specific questionnaire

Available questionnaires:
18 EORTC QLQ-C30

18 GINET21
18 specific questionnaire
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vs. 9.5%; p < 0.001). Moreover, a higher median number 
of resected LNs (28 vs. 12; p < 0.001) was observed in 
hvCs (Table 2). The number of resected LNs seems to be 
proportionally related to the number of SI-NET resections 
performed per center per year (10.5 increase by 10 additional 
SI-NET resections per center; 95% CI −2.4 to 2.3; p = 0.11) 
(Fig. 2). In univariate analysis, number of resected LNs ≥8 
was associated with patients operated in hvCs (vs. lvCs), 
younger patients, female, patients operated by laparotomy, 
no emergency surgery, and right hemicolectomy. In multi-
variate analysis, patients operated in hvCs (vs. lvCs; odds 
ratio [OR] 4.42, 95% CI 1.49–13.88; p = 0.008), female (vs. 
male; OR 3.80, 95% CI 1.20–14.43; p = 0.022) and patients 
operated by laparotomy (vs. laparoscopy; OR 3.78, 95% CI 
1.17–12.98; p = 0.027) remain significantly associated with 
≥8 LNs (Table 3).

Patient‑Reported Outcomes and Quality of Life

Among the 157 patients, 50 (32%) had information in 
their medical files corresponding to the three questionnaire 
items in both groups (ESM Fig. 1)—32 in hvCs and 18 in 
lvCs. Regarding patients’ satisfaction for their surgical care, 
74.2% of hvC patients and 44.4% of lvC patients were reas-
sured ‘a lot’ by being cared for in the surgical center; 77.4% 
of hvC patients and 66.7% of lvC patients were satisfied 
‘a lot’ with their perioperative hospitalization; and 74.2% 
of hvC patients and 55.6% of lvC patients were satisfied 
‘a lot’ with their follow-up at their surgical center (ESM 
Fig. 1a). Patient-reported outcomes (PROs) regarding the 
general symptoms were similar between both groups, except 
for reports of a lot of fear and anxiety (6.5% of hvC patients 
vs. 22.2% of lvC patients) [ESM Fig. 1b]. PROs regarding 

TABLE 2  Operative and postoperative characteristics of patients included in the high- and low-volume groups

Data are expressed as n (%) unless otherwise specified
IQR interquartile range, LN lymph node, SI small intestinal, NETs neuroendocrine tumors, WHO World Health Organization

Variables N All [n = 157] High-volume C [n = 90] Low-volume C [n = 67] p-value

Time from diagnosis to surgery, days (median [IQR]) 103 128 [61.5–201.5] 154 [92–222.5] 67 [27–93] < 0.001
Surgical approach 157 < 0.001
 Laparotomy 117 (74.6) 77 (85.6) 40 (59.7)
 Laparoscopy 40 (25.4) 13 (14.4) 27 (40.3)

Emergency surgery 157 30 (19.1) 12 (10.9) 18 (38.3) < 0.001
Type of surgery 157 < 0.001
 Right hemicolectomy 68 (43.3) 47 (52.2) 21 (31.3)
 Right hemicolectomy prolonged with SI resection 16 (10.2) 11 (12.2) 5 (7.5)
 SI segmental resection 62 (39.5) 32 (35.5) 30 (44.8)
 Ileocolic resection 11 (7.0) 0 (0) 11 (18.0)

Cholecystectomy 157 94 (59.9) 84 (93.3) 10 (14.9) < 0.001
Length of SI resection, cm (median [IQR]) 69 90 [50–180] 90 [50–195] 80 [35–100] 0.001
Bi-digital palpation of the SI total length 157 109 (69.4) 86 (95.6) 23 (34.3) < 0.001
Multiple tumors 157 56 (35.7) 39 (43.3) 17 (25.4) 0.009
Number of SI-NETs in patients with multiple tumors 

(median [IQR])
157 4 [2–12] 7 [3–16] 2 [2–7] < 0.001

R0 margin resection 157 148 (94.2) 85 (94.4) 63(94.0) 0.912
Resection of a mesenteric mass 157 87 (55.4) 63 (70.0) 24 (35.8) < 0.001
Ki67, % (median [IQR]) 154 2.4 [1–4.9] 3.0 [1–5] 2.0 [1–4] 0.331
WHO classifications 154 0.002
 NET-G1 74 (48.1) 33 (37.1) 41 (63.0)
 NET-G2 79 (50.3) 56 (62.9) 23 (35.4)
 NET-G3 1 (0.6) 0 1 (1.6)

LN resection
 Number of LNs resected (median [IQR]) 145 20 [11–30] 28 [17.5–39.5] 12 [6–18.5] < 0.001
 Patients with ≥8 LNs resected 145 120 (82.8) 79 (96.3) 41 (65.1) < 0.001
 Patients with ≥12 LNs resected 145 105 (72.4) 72 (87.8) 33 (52.4) < 0.001
 Extensive lymphadenectomy 145 59 (40.6) 53 (64.6) 6 (9.5) < 0.001

Number of positive lymph nodes (median [IQR]) 145 4 [2–6] 4 [2–6] 3 [1–5] 0.012
Lymph node ratio (median [IQR]) 145 0.21 [0.07–0.9] 0.1 [0.07–0.31] 0.27 [0.1–0.48] 0.036
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the transit/exemption were also very similar for both groups; 
25.8% of patients in hvCs reported ‘a lot of accelerated 
transit’, and approximately 9.7% reported ‘a lot of bloating’ 
(ESM Fig. 1c). PROS regarding the healing process were 
also similar for both groups; 67.7% and 72.2% of patients in 
hvCs and lvCs, respectively, were satisfied with their scar 
and had no healing problems. In addition, <10% of patients 
reported a postoperative incisional hernia (ESM Fig. 1d).

PROS regarding quality of life (QoL) in the EORTC 
QLQ-C30 showed no difference between both groups for 
overall health status. According to the GI-NET21 mod-
ules, there was a trend toward more endocrine-, gastroin-
testinal-, and treatment-related symptoms for hvC patients 
(Appendix 1).

DISCUSSION

The present study investigated for the first time the impact 
of procedure volume on surgical care for SI-NETs, based 
on a cut-off of five SI-NET resections per center, per year. 

A significant relationship between volume center and opti-
mal SI-NET surgery was identified, according to number 
of resected LNs ≥8 (ENETS recommendations).23 The 
frequency of resected LNs ≥8 or ≥12 and extensive lym-
phadenectomy was significantly higher in hvCs versus lvCs. 
Furthermore, the number of patients identified with multiple 
primary SI-NETs and the number of resected primary SI-
NETs were also higher in hvCs, and cholecystectomy was 
also more often performed in hvCs.

In the present study, younger patients, females, patients 
with a carcinoid syndrome, and those with more distant 
metastases were more often operated in hvCs, which may be 
due to more patient transfers from lvCs to hvCs, especially 
for patients with carcinoid syndrome or distant metastases. 
The pathological diagnosis was unknown preoperatively in 
the majority of cases in both groups, but more frequently 
in lvCs. The mesenteric mass and its retractile aspect is 
quite specific in SI-NETs but not seen in desmoid tumor, 
lymphoma, or metastatic LNs from other cancers. In the 
case of clinical symptoms such as carcinoid syndrome, the 

FIG. 2  Number of resected 
LNs according to the number of 
surgeries performed per year per 
center. LNs lymph nodes
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TABLE 3  Factors associated 
with resection of ≥8 lymph 
nodes

OR odds ratio, CI confidence interval, hvC high-volume center, lvC low-volume center, ECOG PS Eastern 
Cooperative Oncology Group Performance Status

Variables Univariate analysis Multivariate analysis

OR (95% CI) p-value OR (95% CI) p-value

Patients operated in an lvC vs. an hvC 8.96 (3.45–23.30) < 0.001 4.42 (1.49–13.88) 0.008
Age, > vs. ≤ median 2.49 (1.02–6.08) 0.041 1.87 (0.65–5.58) 0.245
Male vs. female 3.55 (1.25–10.14) 0.010 3.80 (1.20–14.43) 0.022
Laparoscopy vs. laparotomy 4.12 (1.67–10.12) 0.002 3.78 (1.17–12.98) 0.027
Emergency surgery, yes vs. no 3.96 (1.53–10.25) 0.006 3.16 (0.91–11.39) 0.071
Right hemicolectomy, no vs. yes 3.17 (1.18–8.48) 0.015 1.58 (0.45–5.97) 0.479
ECOG PS scale, ≥2 vs. 0–1 1.64 (0.31–8.63) 0.575
Symptoms at surgery, yes vs. no 1.88 (0.52–6.82) 0.308
Carcinoid syndrome, no vs. yes 1.69 (0.47–6.17) 0.402
Distant metastatic disease, no vs. yes 1.87 (0.72–4.86) 0.193
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hypervascular aspect of liver metastases, or the uptake of 
lesions at SRI, physicians must recognize a diagnosis of 
SI-NET and surgeons need to perform an optimal surgery. 
Herein, emergency resections performed after the first 24 h 
after admission were more frequently performed in lvCs than 
in hvCs. Despite similar symptoms at admission, a lower 
time between diagnosis and surgery was found in lvCs, 
which could be the consequence of a minimal preoperative 
workout in lvCs. The main emergency presentations were 
mesenteric ischemia and occlusive syndrome on retractile 
mesenteritis, but without severity criteria that would require 
surgery within 6–12 h (necrosis, perforation, peritonitis, 
etc.), which are rare (only seven cases herein). Of note, 
in the present study, we chose an arbitrary cut-off of 24 h, 
rather than 6 or 12 h, in order to consider all these situa-
tions, such as patients who underwent surgery between 12 
and 24 h because more time was needed for internal reasons 
related to each structure. As the quality of SI-NET surgery 
is higher in hvCs as well as the quality of the preoperative 
work-up (SRI, cardiac ultrasound, quantification of CgA and 
5HIAA), the lvC should start medical treatment of the occlu-
sive syndrome or venous ischemia as soon as possible and 
transfer the patient to an hvC to initiate work-up and map-
ping of SI-NET local invasion.4 When severity criteria are 
present, a minimal resection and offloading stoma are man-
datory without approaching mesenteric vessels, followed 
by a second intervention after a work-up, which could be 
proposed in better local conditions in hvCs.4 Using these two 
approaches in favor of a transfer to an hvC, centralization of 
SI-NET surgery with the aim of improving its quality would 
be feasible, even when the patient is initially taken care of 
in an lvC. We believe that this is particularly relevant when 
proximal mesenteric masses are present and require man-
agement, in an lvC, that is probably too complex. Finally, 
in light of a recent meta-analysis showing severe morbidity 
of 7%, a certain impact of hospital volume on postoperative 
outcomes was suggested.24

Implementing centralized care is a challenge for health-
care policies, mainly due to financial and structural con-
straints. Recently, centralization was the subject of a 
debate about two main parameters. First, although high 
procedure volume was the most used criterion in scientific 
literature regarding centralization, for some authors high 
hospital volume is thought to be a better criterion.14,25,26 

Second, the methodology to determine the cut-off val-
ues for the annual caseload varies among studies (spline 
model method, Chi-square automatic interaction detec-
tor [CHAID] method, etc.) considering the specificity of 
every surgical procedure.18,27 The cut-off could also be 
determined arbitrarily after committee validation,28 when 
the incidence of the surgical procedures is very low, as 
in the present study. The five annual resections per year 
cut-off is a good compromise these days in France, accord-
ing to the incidence of SI-NET surgery and its feasibility 
(SI-NET surgery is often not an urgent procedure requir-
ing a complete work-up with enough time to arrange a 
transfer to an hvC). Using this cut-off, only four centers 
were considered hvCs; taking 10 as a cut-off, this was 
only two centers (data not shown). A recent study brought 
to light the difficulties encountered in France regarding 
the implementation of surgical care centralization for 
pancreatectomies, despite its high incidence, because of 
the inconsistent geographical distribution of hvCs, which 
were dispersed and limited in number.29 Centralization in 
The Netherlands, a relatively small country in size, was 
successful, having increased resection rates and  survival15 
based on a cut-off of 20 patients per year thanks to a policy 
that benefits hvCs.30 The cut-off must be discussed in each 
country according its demography and size, the frequency 
of the surgical procedure, and its capacity to centralize 
these procedures.

Beside the centralization of patients in hvCs, educational 
programs have also had an important impact on the improve-
ment of surgical management of SI-NETs. These surgical 
training programs have proven benefits in various fields, for 
instance in trauma and oncology,31,32 but not yet for the sur-
gical management of SI-NETs. These educational programs, 
such as those organized by ENETS with dedicated sessions 
or surgical societies, are important to develop. However, the 
difficulty is to involve general gastrointestinal surgeons from 
lvCs who are dealing with a few cases each year, while sur-
geons need to follow educational programs for more frequent 
digestive surgeries such as colorectal or pancreatic cancer.

In addition, the present study highlighted that optimal SI-
NET surgery was not clinically impacted by the length of the 
resected SI (median difference of 10 cm between hvCs and 
lvCs), with no impact on patient satisfaction regarding their 
surgical procedure or on their QoL. However, these results 
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must be interpreted with caution as less than one-third of 
patients provided information in the questionnaires. Assess-
ing the satisfaction of surgical procedure is difficult using 
general EORTC QoL scales because these scales mix several 
aspects of the disease and the life of the patients, in addition 
to the procedure itself. The trend towards more symptoms in 
hvCs, found using the specific GI-NET21 modules, could be 
expected as patients in this group had a carcinoid syndrome 
significantly more often. We therefore designed a question-
naire dedicated to the feelings of the patients following their 
SI-NET surgery. This questionnaire showed that patients 
were satisfied to undergo surgery and follow-up in an hvC, 
even if it is likely that several of them lived some distance 
away from the hvC (data not collected). Moreover, although 
there were significantly more laparotomies and right hemi-
colectomies in hvCs, thus leading to longer scars (data not 
collected), the satisfaction reported by patients regarding 
their healing and their scars was similar in hvCs and lvCs. 
Further PRO data in larger populations are needed to con-
firm these preliminary results.

This study had several limitations. First, among 23 
centers, because they were lacking in time, only 6 centers 
responded to our call and accepted to participate. Neverthe-
less, we were able to include a sufficient number of patients 
according to our statistical hypothesis. Second, postoperative 
complications were not collected as this was not feasible 
retrospectively without important bias and the risk of miss-
ing data, especially in lvCs. Moreover, lower postoperative 
complications (such as superficial wound infection, anasto-
motic leak, readmission, etc.) were expected in hvCs. Third, 
there might be bias regarding the number of resected LNs 
found in the pathology report. The pathologist in an hvC 
may spend more time sorting through the mesenteric fat to 
identify LNs. The retrospective nature of the present study 
did not allow this to be evaluated, but it needs to be consid-
ered for interpretation of the primary objective. Lastly, the 
design of this study did not allow evaluation of the local RFS 
or OS from the date of surgery since the included patients 
had undergone surgery between 2019 and 2021. However, 
it is well demonstrated that the quality of LN resection is 
associated with OS and relapse,5,33 as the number of resected 
LNs is one of the most powerful markers of OS.9,34 Further 
studies with longer follow-up are needed to evaluate the real 
oncological impact of surgery performed in hvCs.

CONCLUSION

Optimal SI-NET resection was significantly more often 
performed in hvCs. The centralization of surgical care of 
SI-NETs is recommended.

APPENDIX 1A

Patient reported outcome (PRO) on quality of life (QoL), EORTC 
QLQ-C30 and GI-NET21 modules, of patients who have undergone a 
SI-NET surgery. Values are reported in median (Q1-Q3))

Variables hvC, n=38 lvC, n=12

Global health status/QoL
Global health status/QoL (revised) 50 (42–83) 58 (42–83)
Functional scales
Physical functioning (revised) 93 (80–100) 87 (72–100)
Role functioning (revised) 100 (83–100) 100 (58–100)
Emotional functioning 75 (50–100) 92 (50–100)
Cognitive functioning 100 (83–100) 100 (83–100)
Social functioning 83 (67–100) 83 (58–100)
Symptom scales/items
Fatigue 33 (22–44) 17 (0–56)
Nausea and vomiting 0 (0–0) 0 (0–0)
Pain 0 (0–33) 0 (0–33)
Insomnia 0 (0–0) 0 (0–8)
Appetite loss 0 (0–33) 0 (0–8)
Constipation 0 (0–0) 0 (0–0)
Diarrhea 33 (0–67) 33 (0–33)
Financial difficulties 0 (0–0) 0 (0–0)
QLQ‑GINET21
Endocrine Symptoms 33 (0–47) 11 (0–50)
Gastrointestinal symptoms 27 (13–40) 13 (7–33)
Treatment-related symptoms 17 (0–33) 17 (0–33)
Social functioning of the new module 33 (22–55) 22 (11–61)
Disease-related worries 44 (15–69) 22 (19–50)

A high score for a functional scale represents a high/healthy level of 
functioning, but a high score for a symptom scale/item represents a 
high level of symptomatology/problems
hvC High volume center, lvC low volume center, Qol quality of life 
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APPENDIX 1B: EORTC QLQ‑C30 (THE USED FRENCH VERSION)
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APPENDIX 1C: EORTC QLQ – GI.NET21 (THE USED FRENCH VERSION)
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