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ABSTRACT 
Background.  Ileal neuroendocrine tumors (i-NETs) are 
characterized by their multifocality and bulky mesenteric 
mass. Having shown that minimally invasive surgery (MIS) 
utilizing a hand-access port device has favorable short-term 
outcomes and achieves the goals of surgery for i-NETs, we 
sought to analyze long-term survival outcomes of MIS.
Methods.  One hundred and sixty-eight patients who under-
went resection of primary i-NETs at a single institution 
between January 2007 and February 2023 were retrospec-
tively studied. Patients were categorized into the MIS or 
open surgery cohorts on an intention-to-treat basis. Open 
surgery was selected mainly based on the need for hepatec-
tomy or bulky mesenteric mass resection. Overall survival 
was analyzed using log-rank tests with propensity score 
matching (PSM) and Cox proportional hazards regression. 
PSM was performed to reduce standardized mean differ-
ences of the variables to <0.2.
Results.  Overall, 129 (77%) patients underwent MIS and 39 
(23%) underwent open surgery. Twenty-seven MIS patients 
were converted to an open procedure. The median follow-
up time was 49 months (interquartile range 23–87 months). 
In the PSM cohorts, overall survival did not differ signifi-
cantly between the MIS and open surgery cohorts {median 

99 months (95% confidence interval [CI] 91–not applicable 
[NA]) vs. 103 months (95% CI 86–NA), p = 0.77; hazard 
ratio 0.87 (95% CI 0.33–2.2), p = 0.77}.
Conclusions.  MIS is an alternative to open surgery for 
i-NETs, achieving similar short- and long-term oncological 
outcomes. Bulky mesenteric mass and a plan for concurrent 
liver resection are potential criteria for open surgery.

Keywords  Minimally invasive surgery · Ileal 
neuroendocrine tumors · Mesenteric mass · Hand-assisted 
laparoscopic surgery · Propensity score

Neuroendocrine tumors (NETs) of the small intestine 
have an increasing incidence and now account for 37% of 
all small bowel malignancies in the US, making them the 
most common small bowel tumor.1,2 The most common site 
is the ileum, and ileal NETS (i-NETS) are characterized by 
their small size and frequent multifocality.

The North American Neuroendocrine Tumor Society 
guidelines recommend identifying primary tumors by pal-
pation using the surgeon’s fingers, and state that a pure lapa-
roscopic approach is inadequate.3 i-NETS may present as 
a bulky lymphadenopathy/mesenteric mass, which causes 
small bowel obstruction and can hinder complete surgical 
resection when the mass extends to the root of the superior 
mesenteric vessels. Thus, the European Neuroendocrine 
Tumor Society does not recommend laparoscopic surgery 
for cases with large mesenteric infiltration as well as multifo-
cal primary tumors.4
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Minimally invasive surgery (MIS) uses smaller incisions 
via laparoscopic or robotic methods and is widely used 
for gastrointestinal diseases. Although various guidelines 
mention possible benefits of using MIS for i-NETs, none 
offer recommendations regarding specific techniques or 
established criteria for patient selection.3–12 Having previ-
ously shown that MIS utilizing a hand-access port device 
had favorable short-term outcomes and achieved the goals 
of surgery for i-NETs,9,11 we sought to analyze long-term 
survival outcomes of this approach.

MATERIALS AND METHODS

Study Design and Patients

We conducted a single-institution, retrospective cohort 
study of 168 patients who underwent resection of primary 
i-NETs between January 2007 and February 2023. A total 
of 182 i-NET patients were identified, however 14 patients 
were excluded because preoperative or postoperative imag-
ing was unavailable. The 168 patients were divided into two 
groups based on the surgical approach (MIS or open) using 
an intention-to-treat basis; 108 of these were included in the 
earlier study.9,11 This study was performed in accordance 
with the Declaration of Helsinki, and Health Insurance Port-
ability and Accountability Act (HIPAA) compliance and was 
approved by the Institutional Review Board at University of 
California, San Francisco (UCSF). Informed consent was 
waived because of the retrospective design and the use of 
anonymous patient data.

Surgical Approaches and Indications

For each patient, the surgical approach was determined 
after multidisciplinary discussion. Open surgery was per-
formed for bulky mesenteric mass or concurrent liver resec-
tion, except for left lobectomy. Otherwise, MIS was per-
formed as described previously, using a hand-access port 
(GelPort, Applied Medical, Rancho Santa Margarita, CA, 
USA).9 MIS included conversion from MIS to an open pro-
cedure, which was defined as an extension of the main skin 
incision with removal of the hand-access base retractor for 
any reason.13

Outcomes and Variables

The primary outcome was overall survival (OS), i.e. the 
length of time from the surgery date to the patient’s death. 
We also investigated effect modifiers and mediators of mor-
tality, with various surgical procedures as the exposure. 
Data were collected from medical records, preoperative and 
postoperative imaging, operative reports, and pathological 
reports. Patient demographics, tumor characteristics, and the 

presence of concurrent liver surgery were considered pos-
sible predictors/effect modifiers and potential confounders. 
Variables related to surgical outcomes, incomplete mesen-
teric lymph node dissection, postoperative complications, 
and postoperative treatment were considered as possible 
mediators. Incomplete mesenteric lymph node dissection 
(R2) was defined by mention in the operative report or the 
presence of residual mesenteric mass, which was evaluated 
by comparing the preoperative and postoperative follow-up 
imaging. The microscopically positive mesenteric margin 
(R1) was defined if tumor cells presented within 1 mm from 
the edge of the surgical specimen of the mesentery, without 
incomplete mesenteric lymph node dissection (R2). Com-
plete mesenteric lymph node dissection (R0) was defined 
as neither incomplete mesenteric lymph node dissection 
(R2) nor microscopically positive mesenteric margin (R1). 
Postoperative complications were graded using the Cla-
vien–Dindo classification. Liver-directed therapy involved 
transarterial bland embolization/chemoembolization, Y90 
radioembolization, radiation, and microwave ablation. Sys-
temic medications included everolimus, capecitabine, temo-
zolomide, pazopanib, carboplatin/etoposide, gemcitabine/
oxaliplatin, and 5-fluorouracil/leucovorin/oxaliplatin.

Statistical Analysis

Continuous variables are represented as medians with 
interquartile ranges, and categorical variables are rep-
resented as frequencies and percentages. The Wilcoxon 
rank-sum and Fisher’s exact test were used to compare dis-
tributions of potential confounders across groups by surgi-
cal approach. Survival curves were constructed using the 
Kaplan–Meier method and compared using the log-rank test. 
A multivariable Cox proportional hazards regression model 
was used to calculate for surgical approaches (open surgery, 
MIS without conversion, and conversion from MIS to open 
surgery) and other variables the hazard ratio (HR) of overall 
mortality from the date of resection. Risk factors used in the 
multivariable analysis were selected based on prior knowl-
edge.14–17 Propensity score matching (PSM) was performed 
to decrease the standardized mean difference (SMD) of as 
many potential confounders as possible to <0.2,18,19 based 
on the variables of age, history of small bowel obstruc-
tion, tumor grade (G1 vs. G2), T staging (T1/2 vs. T3/4), N 
staging (N− vs. N+), M staging (M0 vs. M1a/M1b/M1c), 
overall staging (I/II vs. III/IV), the extent of involvement 
of the mesenteric mass to the root of the mesenteric ves-
sels (region 0/1/2 vs. region 3),9 mesenteric mass larger 
than 2 cm,17 and the presence of concurrent liver surgery 
at a ratio of 1:2 using a 0.1 caliper. All statistical analyses 
and representations were performed using R (v.4.1.1; The 
R Foundation for Statistical Computing, Vienna, Austria) 
with R packages multcomp (v.1.4-25), survival (v.3.5-5), 
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ggplot2 (v.3.4.2), MatchIt (v.4.5.3), tableone (v.0.13.2), and 
survminer (v.0.4.9).

RESULTS

Patient and Tumor Characteristics

Overall, 129 (77%) patients underwent MIS and 39 (23%) 
underwent open surgery (Table 1, Online Resource Table 1). 
The MIS cases included 27 surgeries converted to an open 
procedure due to large lymphadenopathy/mesenteric mass 
in 17 cases, liver surgery in 4 cases, and other technical 
difficulties such as organ adhesion in 6 cases. The overall 
median follow-up time was 49 (interquartile range [IQR] 
23–87) months. Between the two cohorts, there was no dif-
ference in age, sex, body mass index, existence of carcinoid 
syndrome, history of small bowel obstruction, or the number 
of primary tumors (Tables 2 and 3). Tumor grade 2 or 3 
was associated with open surgery compared with MIS cases 
{odds ratio 2.0 (95% confidence interval [CI] 0.87–4.4), p 
= 0.085}. The presence of a mesenteric mass extending to 
the root of the mesenteric vessels was more common in open 
surgery (23% vs. 10%, odds ratio 2.7 [95% CI 0.91–7.5], p 
= 0.055) (Table 2). The size of the mesenteric mass was 2.6 
(IQR 1.1–3.5) cm in open surgery and 1.8 (IQR 1.0–3.2) cm 
in MIS surgery (p = 0.20), and larger than 2 cm17 in 66% and 
48% of open surgery and MIS cases, respectively (odds ratio 
2.1 [95% CI 0.92–4.8], p = 0.065). The mesenteric lymph 
node/mass dissection was incomplete in 23% of the open 
surgeries and 14% of the MIS surgeries (p = 0.20). At the 
time of resection, hepatic metastasis was present in 56% and 
50% of open surgery and MIS cases, respectively (p = 0.20). 
The types of Frilling classification of liver metastasis16 were 
not different between the cohorts, but concurrent liver sur-
gery was more frequent in open surgery (26% vs. 7%, p = 

0.003). There was no difference in postoperative treatments 
(Table 3).  

Survival Analysis Using Propensity Score Matching

OS did not significantly differ between the MIS cohort 
and the open cohort {median OS 137 months (95% CI 
107–not applicable [NA]) vs. 117 months (95% CI 103–NA), 
p = 0.77; HR 0.90 (95% CI 0.44–1.8), p = 0.77} (Fig. 1, 
left). Because the open cohort had more cases with a higher 
mesenteric mass grade, a higher tumor grade, and concur-
rent liver surgery, we used PSM to adjust for potential con-
founders. After PSM, the variables of both cohorts were 
well-balanced, with an SMD <0.2 or p value >0.3 (Online 
Resource Fig. 1, Online Resource Table 2), and the OS of 
the MIS cohort was still similar to that of the open surgery 
cohort (99 months [95% CI 91–NA] vs. 103 months [95% 
CI 86–NA], p = 0.77; HR 0.87 [95% CI 0.33–2.2], p = 0.77) 
(Fig. 1, right).

Survival Analysis and Risk Factors for Conversion 
from Minimally Invasive Surgery to Open Surgery

We then focused on the varying mortality risks associated 
with the different surgical procedures, including conversion 
from MIS to open surgery, to detect possible effect modi-
fiers and mediators associated with procedure indication. 
Multivariable analysis with known effect modifiers showed 
that the mortality risk of MIS conversion to open surgery 
(HR 2.1 [0.67–6.6], p = 0.20) and MIS without conversion 
were comparable with the open method (HR 1.3 [0.52–3.4], 
p = 0.56) (Fig. 2). Tumor grade (2, 3 vs. 1), T staging (3/4 
vs. 1/2), Frilling liver metastasis classification (2, 3 vs. 
0) and mesenteric mass >2 cm in size increased the risk 
of mortality (Fig. 2). Other than these known factors, we 

TABLE 1   Demographics and 
patient backgrounds of the 
entire cohort

Data are expressed as n (%) unless otherwise specified
MIS minimally invasive surgery, IQR interquartile range, SSA somatostatin analog, BMI body mass index

Characteristic N Surgical procedure

Open [n = 39] MIS [n = 129] p value

Surgical procedure 168
Open 39 (100) 0 (0)
 MIS without conversion 0 (0) 102 (79)
 MIS converted to open 0 (0) 27 (21)

Age, years [median (IQR)] 168 61 (53–67) 60 (53–67) 0.62
Sex, female 168 20 (51) 62 (48) 0.86
BMI, kg/m2 [median (IQR)] 167 27.0 (24.2–29) 26.5 (22.6–31) 0.98
Race, White 165 29 (76) 97 (76) 1
Carcinoid syndrome 165 20 (53) 69 (54) 0.86
SSA before resection 168 14 (36) 38 (29) 0.44
History of small bowel obstruction 168 29 (74) 88 (68) 0.55
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sought possible effect modifiers among the patient demo-
graphics and tumor characteristics between the open and 
conversion cohorts (Online Resource Table 3), and the only 
differentiating factor was race, which, in the open cohort, 
was White 76%, Asian 7.9%, Black 0%, Native American or 
Alaska Native 0%, other 16%, and in the conversion cohort 
was White 56%, Asian 0%, Black 19%, Native American or 
Alaska Native 3.7%, other 22% (p = 0.0072). As possible 
mediator factors, the occurrence of incomplete mesenteric 
resection, postoperative complications, and postoperative 
treatment were compared between the conversion cases and 
open surgery-alone cases, and there were no clear differ-
ences. Therefore, there was no clear evidence indicating 

worse survival in conversion from MIS to open surgery 
compared with open surgery.

DISCUSSION

Currently, the role of MIS for i-NETs has not been estab-
lished.3–5 In this study, we compared the long-term OS of 
MIS using a hand-access port with a standard open surgery, 
finding no difference in OS after a median follow-up of more 
than 4 years. Since our study was retrospective and the dis-
ease characteristics of the two cohorts were not balanced, 
we performed PSM, which showed no difference in OS 
between MIS and open surgery. In contrast with our findings, 

TABLE 2   Tumor 
characteristics of the entire 
cohort

Data are expressed as n (%) unless otherwise specified
IQR interquartile range, MIS minimally invasive surgery

Characteristic N Surgical procedure

Open [n = 39] MIS [n = 129] p value

Size of primary tumor, cm [median (IQR)] 166 1.9 (1.3–3) 1.9 (1.3–3) 0.91
No. of primary tumor(s) [median (IQR)] 167 1 (1–4) 1 (1–2) 0.37
Multiple tumors 167 17 (45) 49 (38) 0.46
Mesenteric mass involvement to the root of the 

mesentery
168 9 (23) 13 (10) 0.055

Size of mesenteric mass,cm [median (IQR)] 165 2.6 (1.1–3.5) 1.8 (1.0–3.2) 0.21
Mesenteric mass >2 cm in size 165 25 (66) 61 (48) 0.065
Tumor grade 160 0.14
 1 18 (49) 80 (65)
 2 19 (51) 42 (34)
 3 0 (0) 1 (0.8)

T staging 167 0.35
 T1 2 (5.3) 10 (7.8)
 T2 3 (7.9) 24 (19)
 T3 19 (50) 60 (47)
 T4 14 (37) 35 (27)
 N+ 166 36 (95) 122 (97) 0.62

M staging 168 0.25
 M0 13 (33) 59 (46)
 M1a 13 (33) 45 (35)
 M1b 4 (10) 6 (4.7)
 M1c 9 (23) 19 (15)

Stage 168 0.23
 I 0 (0) 4 (3.1)
 II 1 (2.6) 1 (0.8)
 III 12 (31) 54 (42)
 IV 26 (67) 70 (54)

Frilling liver metastasis classification 168 0.34
 0 17 (44) 65 (50)
 1 1 (2.6) 5 (3.9)
 2 20 (51) 59 (46)
 3 1 (2.6) 0 (0)

Concurrent liver surgery 168 10 (26) 9 (7.0) 0.0029
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a recent study by Kaçmaz et al. using the Netherlands Can-
cer Registry found that MIS was associated with improved 
OS compared with open surgery; however, detailed data on 
clinicopathological and radiographic features were lacking.10

As guidelines indicate, pure laparoscopic surgery is not 
adequate for identifying multiple primary tumors or resect-
ing bulky mesenteric disease safely and completely.3,4 Some 
reports suggest that multifocality does not increase mortality 
and is not a contraindication for the laparoscopic method 

if the exteriorized bowel is palpated.7 The MIS procedure 
described here enables surgeons to investigate not only the 
whole jejunum-ileum but also the root of the mesentery 
via the hand-access port to facilitate oncological resection 
and safety.9,11 Tumoral invasion to the root of the mesen-
tery is associated with incomplete resection.9,20 In these 
cases, palliative MIS may be done to alleviate obstruction 
or ischemia.3–5 In our study, the rates of complete mesenteric 
mass resection and morbidity were similar in the two PSM 

TABLE 3   Characteristics 
related to surgical outcomes of 
the entire cohort

Data are expressed as n (%) unless otherwise specified
MIS minimally invasive surgery, IQR interquartile range, SSA somatostatin analog, PRRT​ peptide receptor 
radionuclide therapy

Characteristic N Surgical procedure

Open [n = 39] MIS [n = 129] p value

Incomplete mesenteric lymph node dissection 167 9 (23) 18 (14) 0.21
Microscopically positive mesenteric margin 168 7 (18) 20 (16) 0.80
Complete mesenteric lymph node dissection 167 23 (59) 90 (70) 0.24
Estimated blood loss, mL [median (IQR)] 161 100 (30–150) 50 (20–100) 0.0082
Postoperative complications Grade ≥3 168 4 (10) 4 (3.1) 0.085
Length of stay, days [median (IQR)] 168 6 (5–7) 5 (4–7) 0.063
Postoperative treatment 168
 SSA or telotristat 19 (49) 61 (47) 1
 Liver-directed therapy 10 (26) 30 (23) 0.83
 Surgical resection 5 (13) 13 (10) 0.57
 PRRT​ 6 (15) 19 (15) 1
 Systemic medication 8 (21) 14 (11) 0.17

Survival status dead 168 10 (26) 34 (27) 1
Follow-up months [median (IQR)] 168 46 (16–99) 50 (25–83) 0.62
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FIG. 1   Survival curves. Kaplan–Meier overall survival curves are shown for the entire cohort (left) and the propensity score matched cohorts 
(right). Shaded areas are 95% confidence intervals. MIS minimally invasive surgery
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cohorts, which had similar rates of palliative surgery, hepatic 
metastasis, and mesenteric mass involvement. We selected 
open surgery when the mesenteric mass extended to the mes-
enteric root and a complete resection is deemed potentially 
possible. In some instances, when it is clear that complete 
mesenteric mass resection is not feasible, we performed a 
palliative MIS with care to preserve the superior mesenteric 
vessels during surgery.

In our study, multivariable analysis suggested that con-
version from MIS to open surgery might have a potentially 
worse mortality risk, although there was no clear statisti-
cal evidence (Fig. 2). Conversion was performed in cases 
with bulky mesenteric lymphadenopathy or to perform a 
liver resection. Therefore, it was reasonable that the rate 
of hepatic metastasis and mesenteric mass extension to 
the mesenteric root were similar between the conversion 
and open cohorts (Online Resource Table 1). Our evalu-
ation of mediator factors that might affect the mortality 
of the conversion and open cohorts showed no differ-
ence in completion of mesentery resection, morbidity, or 
postoperative treatments. Among patient charateristics, 
the only potential confounder was the low percentage of 
White patients and the high percentage of Black patients 
in the conversion cohort. Recent studies demonstrate dif-
ferent genomic backgrounds and prognoses in gastroen-
teropancreatic NETs by race.21 Pancreatic NETs of Black 

patients had a higher incidence of lymph node metastases 
in small primary tumors <2 cm in size, suggesting that a 
specific strategy might be needed for non-White patients.22 
However, a post hoc Cox proportional hazards regression 
analysis showed no clear mortality risk for Black patients 
(HR 0.36 [0.085–1.5], p = 0.16), thus denying race as a 
clear effect modifier in our cohort. Since our multivariable 
analysis did not assume interactions in the model, other 
unknown different treatment effects could bias the results.

As there were no statistically proven differences in OS, 
we added analysis on progression-free survival (PFS) as 
a surrogate in a post hoc manner. PFS was defined as the 
length of time from the surgery date to disease progres-
sion, or death from any cause. PFS of the MIS cohort 
was still similar to that of the open surgery cohort in the 
entire cohort (45 months [95% CI 27–73] vs. 34 months 
[26–NA], p = 0.47; HR 0.83 [95% CI 0.50–1.4], p = 
0.47) and in the PSM cohort (59 months [95% CI 36–NA] 
vs. 34  months [16–NA], p = 0.37; HR 0.74 [95% CI 
0.38–1.4], p = 0.37) [Online Resource Fig. 2]. Further-
more, in multivariable analysis, there were no statistically 
proven differences in the progression risk of MIS conver-
sion to open surgery (HR 1.4 [0.67–2.9], p = 0.38) and 
MIS without conversion was comparable with the open 
method (HR 0.98 [0.53–1.8], p = 0.94) [Online Resource 
Fig. 3]. Therefore, this analysis of PRS further supports 

FIG. 2   Multivariable analysis 
for overall mortality. The boxes 
represent hazard ratios for 
overall mortality and the lines 
represent 95% confidence inter-
vals. P values are shown on the 
right. MIS minimally invasive 
surgery, AIC Akaike informa-
tion criterion
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our conclusion that MIS is an alternative to open surgery, 
ensuring similar survival outcomes.

As for non-survival outcomes, a lower frequency of post-
operative complications (Grade ≥3) and shorter hospital stay 
for MIS methods were found in the entire cohort (Table 3), 
but not in the PSM cohort (Table 4). Prior studies reported 
shorter hospital stay for the laparoscopic method,6,7 but it 
should be noted that these researchers did not adjust other 
confounding variables by PSM or multivariable Cox regres-
sion analysis. On the other hand, MIS was associated with 
less intraoperative blood loss in the PSM cohort (Table 4), 
and this may be a potential advantage for patients who 
undergo MIS. Furthermore, MIS can achieve a similar mes-
enteric dissection margin with the open method (Table 4), 
therefore leading to comparable PFS and OS. This result 
was obtained with adjustment of the mesenteric mass status 
(see the Methods section, and Online resource Fig. 1), and 
thus excluded the selection bias of MIS cases. However, in 
clinical situations, we encounter severe mesenteric masses 
that have fibrosis, tethering, and thickening, but without 
involvement of the root of the mesentery. These conditions 
make resection more challenging. In these cases, particularly 
in patients with abundant visceral fat, open or conversion 
surgery may still be appropriate.

This study has some limitations. First, as a single-insti-
tution, retrospective analysis, the study is subject to selec-
tion and referral bias. Since most surgeries for patients with 
i-NETs are performed minimally invasively at our institu-
tion, our findings require corroboration by studies elsewhere, 
given variable experience in advanced MIS worldwide.23 
On the other hand, as a single-institution study of a large 

number of patients undergoing MIS for i-NETs, a major 
strength was the ability to capture granular data, such as 
clinicopathological features, that may not be present in large 
databases. Second, 108/168 patients included in our current 
study overlap with those in our previous publications on MIS 
for iNETs,9,11 and there remains the possibility of duplica-
tion or redundancy in the data. However, by reviewing the 
variables and the values, and by having a longer follow-up 
period and a larger cohort size in the current study than the 
prior studies that did not analyze OS, the risk of overstating 
the findings is thought to be minimalized. Third, with the 
smaller sample size after matching had been performed in 
order to better balance the potential confounders, the con-
fidence limits around the HR estimate are fairly wide, but 
because they balance evenly above and below the null value 
of 1.0, it is very likely that a larger sample and more power 
would yield similar evidence that the effects on survival of 
the two surgical approaches of MIS and open surgery are 
neutral.

CONCLUSION

MIS using a hand-access port is an alternative to open 
surgery for i-NETs, achieving similar short- and long-term 
oncological outcomes. Bulky mesenteric mass invading the 
mesenteric root and the need for concurrent liver resection 
are potential criteria for open surgery.

SUPPLEMENTARY INFORMATION  The online version con-
tains supplementary material available at https://​doi.​org/​10.​1245/​
s10434-​024-​15468-6.

TABLE 4   Characteristics 
related to surgical outcomes of 
the propensity score-matched 
cohorts

Data are expressed as n (%) unless otherwise specified
MIS minimally invasive surgery, IQR interquartile range, SSA somatostatin analog, PRRT​ peptide receptor 
radionuclide therapy

Characteristic N Surgical procedure

Open [n = 31] MIS [n = 55] p value

Incomplete mesenteric lymph node dissection 86 6 (19) 10 (18) 1
Microscopically positive mesenteric margin 86 5 (16) 11 (20) 0.77
Complete mesenteric lymph node dissection 86 20 (65) 34 (62) 1
Estimated blood loss, mL [median (IQR)] 82 100 (35–150) 50 (20–100) 0.0071
Postoperative complications Grade ≥3 86 2 (6.5) 2 (3.6) 0.9
Length of stay, days [median (IQR)] 86 6 (5–7) 5 (4–7) 0.098
Postoperative treatment 86
 SSA or telotristat 13 (42) 26 (47) 0.66
 Liver-directed therapy 13 (42) 26 (47) 0.66
 Surgical resection 4 (13) 4 (7.3) 0.45
 PRRT​ 6 (19) 10 (18) 1
 Systemic medication 6 (19) 9 (16) 0.77

Survival status dead 86 7 (23) 13 (24) 1
Follow-up, months [median (IQR)] 86 46 (16–82) 53 (33–79) 0.31
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https://doi.org/10.1245/s10434-024-15468-6


5514	 A. Yogo et al.

ACKNOWLEDGMENT  The authors would like to thank Pamela 
Derish, MA, from the University of California, San Francisco, for 
expert assistance with the writing and preparation of this manuscript, 
the Placzek Family Foundation for their generous support, and Marga-
ret Hauben for her continual support.

DISCLOSURE  Akitada Yogo, Alan Paciorek, Yosuke Kasai, 
Farhana Moon, Kenzo Hirose, Carlos U. Corvera, Emily K. Bergsland, 
and Eric K. Nakakura have no conflicts of interest or funding to declare 
in relation to this work.

OPEN ACCESS  This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

REFERENCES

	 1.	 Howe JR, Karnell LH, Menck HR, Scott-Conner C. Adenocar-
cinoma of the small bowel: review of the national cancer data 
base, 1985–1995. Cancer. 1999;86(12):2693–706. https://​doi.​
org/​10.​1002/​(SICI)​1097-​0142(19991​215)​86:​12%​3c269​3::​AID-​
CNCR14%​3e3.0.​CO;2-U.

	 2.	 Bilimoria KY, Bentrem DJ, Wayne JD, Ko CY, Bennett CL, Tala-
monti MS. Small bowel cancer in the United States: changes in 
epidemiology, treatment, and survival over the last 20 years. Ann 
Surg. 2009;249(1):63–71. https://​doi.​org/​10.​1097/​SLA.​0b013​
e3181​8e4641.

	 3.	 Howe JR, Cardona K, Fraker DL, et  al. The surgical man-
agement of small bowel neuroendocrine tumors. Pancreas. 
2017;46(6):715–31. https://​doi.​org/​10.​1097/​MPA.​00000​00000​
000846.

	 4.	 Niederle B, Pape UF, Costa F, et al. ENETS consensus guidelines 
update for neuroendocrine neoplasms of the jejunum and ileum. 
Neuroendocrinology. 2016;103(2):125–38. https://​doi.​org/​10.​
1159/​00044​3170.

	 5.	 National Comprehensive Cancer Network (NCCN). Neuroen-
docrine and adrenal tumors. 2023;4. Available at: https://​www.​
nccn.​org/​profe​ssion​als/​physi​cian_​gls/​pdf/​neuro​endoc​rine.​pdf

	 6.	 Figueiredo MN, Maggiori L, Gaujoux S, et al. Surgery for small-
bowel neuroendocrine tumors: is there any benefit of the laparo-
scopic approach? Surg Endosc. 2014;28(5):1720–6. https://​doi.​
org/​10.​1007/​s00464-​013-​3381-x.

	 7.	 Kaçmaz E, Van Eeden S, Koppes JCC, et al. Value of laparos-
copy for resection of small-bowel neuroendocrine neoplasms 
including central mesenteric lymphadenectomy. Dis Colon Rec-
tum. 2021;64(10):1240–8. https://​doi.​org/​10.​1097/​DCR.​00000​
00000​001915.

	 8.	 Pedrazzani C, Conti C, Valdegamberi A, et al. Is laparoscopic 
CME right hemicolectomy an optimal indication for NET 
of the right colon and terminal ileum? J Gastrointest Surg. 
2021;25(1):333–6. https://​doi.​org/​10.​1007/​S11605-​020-​04682-
8/​METRI​CS.

	 9.	 Kasai Y, Mahuron K, Hirose K, et al. A novel stratification of 
mesenteric mass involvement as a predictor of challenging mes-
enteric lymph node dissection by minimally invasive approach 
for ileal neuroendocrine tumors. J Surg Oncol. 2020;122(2):204–
11. https://​doi.​org/​10.​1002/​JSO.​25930.

	10.	Kaçmaz E, Klümpen HJ, Bemelman WA, Nieveen van Dijkum 
EJM, Engelsman AF, Tanis PJ. Evaluating nationwide applica-
tion of minimally invasive surgery for treatment of small bowel 
neuroendocrine neoplasms. World J Surg. 2021;45(8):2463–70. 
https://​doi.​org/​10.​1007/​s00268-​021-​06036-0.

	11.	Mahuron KM, Kasai Y, Javeed ZA, et  al. Minimally inva-
sive surgery for ileal neuroendocrine tumors. J Gastroin-
test Surg. 2021;25(11):2954–6. https://​doi.​org/​10.​1007/​
s11605-​021-​04974-7.

	12.	Ethun CG, Postlewait LM, Baptiste GG, et al. Small bowel neu-
roendocrine tumors: a critical analysis of diagnostic work-up and 
operative approach. J Surg Oncol. 2016;114(6):671–6. https://​
doi.​org/​10.​1002/​jso.​24390.

	13.	Litwin DEM, Darzi A, Jakimowicz J, et al. Hand-assisted laparo-
scopic surgery (HALS) with the HandPort system: initial experi-
ence with 68 patients. Ann Surg. 2000;231(5):715–23. https://​
doi.​org/​10.​1097/​00000​658-​20000​5000-​00012.

	14.	Sun GW, Shook TL, Kay GL. Inappropriate use of bivariable 
analysis to screen risk factors for use in multivariable analysis. 
J Clin Epidemiol. 1996;49(8):907–16. https://​doi.​org/​10.​1016/​
0895-​4356(96)​00025-X.

	15.	Heinze G, Dunkler D. Five myths about variable selection. 
Transpl Int. 2017;30(1):6–10. https://​doi.​org/​10.​1111/​tri.​12895.

	16.	Frilling A, Li J, Malamutmann E, Schmid KW, Bockisch A, 
Broelsch CE. Treatment of liver metastases from neuroendocrine 
tumours in relation to the extent of hepatic disease. Br J Surg. 
2009;96(2):175–84. https://​doi.​org/​10.​1002/​bjs.​6468.

	17.	Kasai Y, Mahuron K, Hirose K, et al. Prognostic impact of a large 
mesenteric mass >2 cm in ileal neuroendocrine tumors. J Surg 
Oncol. 2019;120(8):1311–7. https://​doi.​org/​10.​1002/​jso.​25727.

	18.	Cohen J. Statistical Power Analysis for the Behavioral Sciences. 
2nd ed. Lawrence Erlbaum Associates; 1988.

	19.	Rubin DB. Using propensity scores to help design observational 
studies: application to the tobacco litigation. Health Serv Out-
comes Res Methodol. 2001;2:169–88. https://​doi.​org/​10.​1023/A:​
10203​63010​465.

	20.	Öhrvall U, Eriksson B, Juhlin C, et al. Method for dissection 
of mesenteric metastases in mid-gut carcinoid tumors. World J 
Surg. 2000;24:1402–8. https://​doi.​org/​10.​1007/​s0026​80010​232.

	21.	Herring BR, Bonner A, Guenter RE, et al. Under-representa-
tion of racial groups in genomics studies of gastroenteropan-
creatic neuroendocrine neoplasms. Cancer Res Commun. 
2022;2(10):1162–73. https://​doi.​org/​10.​1158/​2767-​9764.​
crc-​22-​0093.

	22.	Zheng-Pywell R, Lopez-Aguiar A, Fields RC, et  al. Are we 
undertreating black patients with nonfunctional pancreatic neu-
roendocrine tumors? critical analysis of current surveillance 
guidelines by race. J Am Coll Surg. 2022;234(4):599–606. 
https://​doi.​org/​10.​1097/​XCS.​00000​00000​000105.

	23.	Kaçmaz E, Engelsman AF, Bemelman WA, et al. International 
survey on opinions and use of minimally invasive surgery in 
small bowel neuroendocrine neoplasms. Eur J Surg Oncol. 
2022;48(6):1251–7. https://​doi.​org/​10.​1016/j.​ejso.​2021.​11.​011.

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1002/(SICI)1097-0142(19991215)86:12%3c2693::AID-CNCR14%3e3.0.CO;2-U
https://doi.org/10.1002/(SICI)1097-0142(19991215)86:12%3c2693::AID-CNCR14%3e3.0.CO;2-U
https://doi.org/10.1002/(SICI)1097-0142(19991215)86:12%3c2693::AID-CNCR14%3e3.0.CO;2-U
https://doi.org/10.1097/SLA.0b013e31818e4641
https://doi.org/10.1097/SLA.0b013e31818e4641
https://doi.org/10.1097/MPA.0000000000000846
https://doi.org/10.1097/MPA.0000000000000846
https://doi.org/10.1159/000443170
https://doi.org/10.1159/000443170
https://www.nccn.org/professionals/physician_gls/pdf/neuroendocrine.pdf
https://www.nccn.org/professionals/physician_gls/pdf/neuroendocrine.pdf
https://doi.org/10.1007/s00464-013-3381-x
https://doi.org/10.1007/s00464-013-3381-x
https://doi.org/10.1097/DCR.0000000000001915
https://doi.org/10.1097/DCR.0000000000001915
https://doi.org/10.1007/S11605-020-04682-8/METRICS
https://doi.org/10.1007/S11605-020-04682-8/METRICS
https://doi.org/10.1002/JSO.25930
https://doi.org/10.1007/s00268-021-06036-0
https://doi.org/10.1007/s11605-021-04974-7
https://doi.org/10.1007/s11605-021-04974-7
https://doi.org/10.1002/jso.24390
https://doi.org/10.1002/jso.24390
https://doi.org/10.1097/00000658-200005000-00012
https://doi.org/10.1097/00000658-200005000-00012
https://doi.org/10.1016/0895-4356(96)00025-X
https://doi.org/10.1016/0895-4356(96)00025-X
https://doi.org/10.1111/tri.12895
https://doi.org/10.1002/bjs.6468
https://doi.org/10.1002/jso.25727
https://doi.org/10.1023/A:1020363010465
https://doi.org/10.1023/A:1020363010465
https://doi.org/10.1007/s002680010232
https://doi.org/10.1158/2767-9764.crc-22-0093
https://doi.org/10.1158/2767-9764.crc-22-0093
https://doi.org/10.1097/XCS.0000000000000105
https://doi.org/10.1016/j.ejso.2021.11.011

	Long-Term Survival Outcomes After Minimally Invasive Surgery for Ileal Neuroendocrine Tumors
	Abstract 
	Background. 
	Methods. 
	Results. 
	Conclusions. 

	Materials and Methods
	Study Design and Patients
	Surgical Approaches and Indications
	Outcomes and Variables
	Statistical Analysis

	Results
	Patient and Tumor Characteristics
	Survival Analysis Using Propensity Score Matching
	Survival Analysis and Risk Factors for Conversion from Minimally Invasive Surgery to Open Surgery

	Discussion
	Conclusion
	Acknowledgment 
	References




