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Abstract
Background  Owing to the lack of evidence-based medical studies with large sample sizes, the surgical approach for 
the radical resection of rectal neuroendocrine tumors remains controversial.

Methods  We retrospectively collected the medical records of patients with rectal neuroendocrine tumors who 
underwent radical resection at 17 large tertiary care hospitals in China between January 1, 2010, and April 30, 2022. 
All patients were divided into laparoscopic and open surgery groups. After propensity score matching to reduce 
confounders, the postoperative and oncologic outcomes were compared between the groups.

Results  We enrolled 174 patients with rectal neuroendocrine tumors who underwent radical surgery. After random 
matching, 124 patients were included in the comparison (62, laparoscopic surgery group; 62, open surgery group). 
The laparoscopic surgery group had fewer complications (14.5% vs. 35.5%, P = 0.007) and superior relapse-free survival 
(P = 0.048). Subgroup analysis revealed that the laparoscopic surgery group had fewer complications (10.9% vs. 34.7%, 
P = 0.004), shorter postoperative hospital stays (9.56 ± 5.21 days vs. 12.31 ± 8.61 days, P = 0.049) and superior relapse-
free survival (P = 0.025) in the rectal neuroendocrine tumors ≤ 4 cm subgroup.

Conclusions  Laparoscopic surgery was associated with improved postoperative outcomes and oncologic prognosis 
for patients with rectal neuroendocrine tumors ≤ 4 cm; it can serve as a safe and feasible option for radical surgery of 
rectal neuroendocrine tumors.
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Background
Neuroendocrine neoplasms (NENs) are rare neo-
plasms that arise from embryonic neuroendocrine cells 
and are characterized by the presence of neuroendo-
crine markers. These neoplasms can occur in various 
organs throughout the body, with the rectum being a 
common site of incidence (1.04 per 100,000 people) [1, 
2]. Based on the Ki-67 index and mitotic count, rectal 
NENs (RNENs) can be stratified into rectal neuroendo-
crine tumors (RNETs), rectal neuroendocrine carcinoma 
(RNEC), and rectal mixed neuroendocrine and non-neu-
roendocrine neoplasms (RMiNENs), which exhibit sub-
stantial heterogeneity. Tumor grade is a major predictor 
of metastasis and prognosis in RNENs [3, 4].

Currently, the National Comprehensive Cancer Net-
work (NCCN), European Neuroendocrine Tumor Soci-
ety (ENETS), and Chinese Society of Clinical Oncology 
(CSCO) guidelines recommend radical resection for 
RNETs with risk factors (e.g., tumor size > 2  cm, T 
stage > T1, and lymph node metastasis), RNEC, and 
RMiNEN [5–7]. Laparoscopic techniques have been 
widely used in the treatment of RNETs [8, 9]. However, 
the outcomes of laparoscopic surgery for RNETs have 
been scarcely described owing to their rarity and the even 
rarer indications for radical surgery. Additionally, laparo-
scopic surgery lacks tactile sensation and poses the risk 
of tumor rupture and iatrogenic dissemination. However, 
comparisons with open surgery are lacking; thus, the sur-
gical options for RNETs remain to be determined.

In this study, we collected diagnostic and treatment 
data from 17 large tertiary care hospitals in China over 
a 13-year period to evaluate the efficacy of laparoscopic 
and open surgery through a subgroup analysis of tumor 
size.

Materials and methods
Patients and data collection
This study retrospectively reviewed the data of patients 
diagnosed with RNETs at 17 large-scale medical cen-
ters in China between January 1, 2010, and April 30, 
2022. Demographic, clinicopathological, treatment, and 
outcome data were extracted from the electronic medi-
cal records of each hospital by surveyors with expertise 
in NENs using standardized data collection templates. 
The inclusion criteria were as follows: (1) confirmation 
of neuroendocrine tumors by pathology; (2) primary 
rectal neuroendocrine tumors; (3) surgical treatment. 
The exclusion criteria were as follows: (1) comorbidities 
with other malignancies; (2) incomplete clinical data or 
follow-up information; (3) distant metastasis; (4) local 
resection. In total, 174 of 1,459 patients were enrolled in 
the study. The procedure used to identify eligible study 
participants is shown in Fig. 1.

Criteria
Tumor size was determined based on the longest tumor 
diameter, as recorded in the pathological reports. Tumor 
site was divided into low (≤ 7 cm), median (7–12 cm), and 

Fig. 1  Patient selection flowchart
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high RNETs (12–15 cm), according to the distance from 
the lower edge of the tumor to the anal verge. Tumor 
stage was classified according to the American Joint 
Committee on Cancer (AJCC) cancer staging manual, 
whereas tumor grade was classified based on the WHO 
2019 classification. The mitotic count was expressed 
as the number of mitotic cells in ten high-power fields 
from hematoxylin and eosin-stained slides examined 
under a microscope. The Ki-67 index was calculated 
as the percentage of cells labeled using immunohisto-
chemistry. Complications within 30 days after surgery 
were recorded and graded according to the Clavien-
Dindo classification. Patients with tumor size > 2  cm, T 
stage > T1, tumor grade G3, lymph node metastasis, or 
neurovascular invasion were recommended to undergo 
radical resection. Patients with T stage ≥ T2, lymph node 
metastasis, neurovascular invasion, or tumor size > 2 cm 
were considered to have a high risk for recurrence; a mul-
tidisciplinary team was involved in formulating adjuvant 
therapy plans for these patients. Somatostatin analog 
therapy was recommended for somatostatin receptor-
positive patients.

Follow-up
Relapse-free survival (RFS) was calculated from the date 
of intervention to that of recurrence. Follow-up was 
conducted via telephone and out- or inpatient means. 
Patients who underwent complete resection were fol-
lowed up every 6 months for the first 5 years and annu-
ally thereafter. The final follow-up was conducted in July 
2022. Follow-up examinations included routine blood 
tests, chromogranin A tests, chest computed tomog-
raphy (CT), and whole-abdominal and pelvic contrast-
enhanced CT or magnetic resonance imaging (MRI). 
Positron-emission tomography (PET)-CT was performed 
if recurrence or metastasis was suspected. Loss to follow-
up was defined as failure to contact patients or their fam-
ily members.

Statistical analysis
Normally distributed quantitative data were presented 
as means ± standard deviations and were compared 
using the independent-sample t test; non-normally dis-
tributed quantitative data were presented as medians 
with interquartile ranges and were compared using the 
Mann‒Whitney U test. Categorical data were expressed 
as numbers and percentages, and were analyzed using 
either the chi-square test or Fisher’s exact test. RFS was 
analyzed using the Kaplan-Meier method, wherein vari-
ables were compared using the log-rank test in univari-
ate analysis and Cox proportional hazard regression in 
multivariable analysis. Propensity score matching was 
employed to minimize the influence of confounding fac-
tors; propensity score matching (PSM) was employed 

[10]. The propensity score was calculated according to 
the preoperative data available regarding sex, age, tumor 
size, tumor site, and neoadjuvant therapy. The nearest 
neighbor matching algorithm was used to match patients 
based on the logic of the propensity score. A standard 
deviation < 10% was considered acceptable for assess-
ing the matching covariate balance [11]; the distribution 
of propensity scores in both matched and unmatched 
groups was assessed using dot plots (Supplemental 
Fig. 1).

Statistical analyses were performed using R software 
(version 4.0.0). The optimal cut-off value for continu-
ous variables was determined using the X-tile software. 
Variables with P < 0.10 in the univariate analysis were 
included in the multivariate analysis. P < 0.05 was consid-
ered statistically significant.

Results
Demographic data and clinicopathological characteristics
This study included 174 patients who underwent radi-
cal surgery for localized RNETs. Among them, 112 
(64.4%) were males and 62 (35.6%) were females. The 
median patient age was 56 years (range: 26–83 years). 
The median tumor size was 2.0 cm, ranging from 0.1 to 
7.5  cm. The tumor grade was categorized as G1 in 95 
(54.6%) patients, G2 in 52 (29.9%), and G3 in 27 (15.5%). 
According to the TNM staging, 52 (29.9%) patients were 
classified as T1, 50 (28.7%) as T2, 56 (32.2%) as T3, and 
16 (9.2%) as T4. Lymph node metastasis was clinically 
positive in 88 (50.6%) patients based on histopathology 
results. Sixty (34.5%) patients received adjuvant therapy. 
The demographic and clinicopathological characteristics 
of the patients are summarized in Table 1.

Before PSM, 112 (64.4%) patients underwent laparo-
scopic surgery, while 62 (35.6%) underwent open surgery. 
No significant differences were observed between the 
groups in terms of sex (P = 0.976), age (P = 0.976), tumor 
site (P = 0.144), neoadjuvant therapy (P = 0.139), or adju-
vant therapy (P = 0.383); however, the tumor size in the 
laparoscopic surgery (LAP) group was significantly lower 
than that in the open surgery (OPEN) group (P = 0.041). 
No significant differences were observed after matching. 
The clinicopathological characteristics of the two groups 
before and after matching are shown in Table 1.

Surgical outcomes
The operation time and postoperative hospital stay were 
comparable between the LAP and OPEN groups (Before 
PSM: 176.63 ± 56.56 min vs. 172.08 ± 86.52 min, P = 0.676; 
10.41 ± 5.56 days vs. 12.32 ± 7.78 days, P = 0.062. After 
PSM: 174.45 ± 60.82 min vs. 172.08 ± 86.52 min, P = 0.860; 
10.11 ± 5.55 days vs. 12.32 ± 7.78 days, P = 0.071). More-
over, the proportion of patients in the LAP group 
who underwent stoma creation and total mesorectal 
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Clinicopathological
characteristics

Overall population
(n = 174)

Before PSMd After PSM
LAPe group
(n = 112)

OPENf group
(n = 62)

P value LAP group
(n = 62)

OPEN group
(n = 62)

P value

Baseline characteristics
Gender, n (%) 0.976 0.704
  Female 62 (35.6%) 40 (35.7%) 22 (35.5%) 20 (32.3%) 22 (35.5%)
  Male 112 (64.4%) 72 (64.3%) 40 (64.5%) 42 (67.7%) 40 (64.5%)
Age, n (%), year 0.976 0.579
  ≤60 112 (64.4%) 72 (64.3%) 40 (64.5%) 37 (59.7%) 40 (64.5%)
  >60 62 (35.6%) 40 (35.7%) 22 (35.5%) 25 (40.3%) 22 (35.5%)
Tumor size, n (%), cm 0.041 0.143
  ≤4 150 (86.2%) 101 (90.2%) 49 (79.0%) 55 (88.7%) 49 (79.0%)
  >4 24 (13.8%) 11 (9.8%) 13 (21.0%) 7 (11.3%) 13 (21.0%)
Tumor site, n (%) 0.144 0.713
  Low 98 (56.3%) 57 (50.9%) 41 (66.1%) 38 (61.3%) 41 (66.1%)
  Medium 52 (29.9%) 37 (33.0%) 15 (24.2%) 19 (30.6%) 15 (24.2%)
  High 24 (13.8%) 18 (16.1%) 6 (9.7%) 5 (8.1%) 6 (9.7%)
Tumor grade, n (%) 0.155 0.192
  G1 95 (54.6%) 60 (53.6%) 35 (56.5%) 30 (48.4%) 35 (56.5%)
  G2 52 (29.9%) 38 (33.9%) 14 (22.6%) 23 (37.1%) 14 (22.6%)
  G3 27 (15.5%) 14 (12.5%) 13 (21.0%) 9 (14.5%) 13 (21.0%)
Lymph node metastasis, n (%) 0.074 0.716
  Negative 86 (49.4%) 61 (54.5%) 25 (40.3%) 27 (43.5%) 25 (40.3%)
  Positive 88 (50.6%) 51 (45.5%) 37 (59.7%) 35 (56.5%) 37 (59.7%)
Neoadjuvant, n (%) 0.139 1.000
  No 158 (90.8%) 99 (88.4%) 59 (95.2%) 59 (95.2%) 59 (95.2%)
  Yes 16 (9.2%) 13 (11.6%) 3 (4.8%) 3 (4.8%) 3 (4.8%)
Adjuvant, n (%) 0.383 0.710
  No 114 (65.5%) 76 (67.9%) 38 (61.3%) 40 (64.5%) 38 (61.3%)
  Yes 60 (34.5%) 36 (32.1%) 24 (38.7%) 22 (35.5%) 24 (38.7%)
Surgical outcomes
Resection margin, n (%) 0.049 0.133
  R0 170 (97.7%) 111 (99.1%) 59 (95.2%) 61 (98.4%) 59 (95.2%)
  R1 3 (1.7%) 0 (0.0%) 3 (4.8%) 0 (0.0%) 3 (4.8%)
  R2 1 (0.6%) 1 (0.9%) 0 (0.0%) 1 (1.6%) 0 (0.0%)
Resection procedure 0.180 0.549
  With TMEa 118 (67.8%) 72 (64.3%) 46 (74.2%) 43 (69.4%) 46 (74.2%)
  With PMEb 56 (32.2%) 40 (35.7%) 16 (25.8%) 19 (30.6%) 16 (25.8%)
Stoma creation 0.582 0.854
  No 99 (56.9%) 62 (55.4%) 37 (59.7%) 38 (61.3%) 37 (59.7%)
  Yes 75 (43.1%) 50 (44.6%) 25 (40.3%) 24 (38.7%) 25 (40.3%)
Operation time, mean ± SDc, min 175.01 ± 68.53 176.63 ± 56.56 172.08 ± 86.52 0.676 174.45 ± 60.82 172.08 ± 86.52 0.860
Complication, n (%) 0.001 0.007
  No 137 (78.7%) 97 (86.6%) 40 (64.5%) 53 (85.5%) 40 (64.5%)
  Yes 37 (21.3%) 15 (13.4%) 22 (35.5%) 9 (14.5%) 22 (35.5%)
Complication type
  Incision complication 8 (4.6%) 2 (1.8%) 6 (9.7%) 0.045 1 (1.6%) 6 (9.7%) 0.114
  Anastomotic leakage 6 (3.4%) 2 (1.8%) 4 (6.5%) 0.188 1 (1.6%) 4 (6.5%) 0.365
  Ileus 4 (2.3%) 2 (1.8%) 2 (3.2%) 0.617 1 (1.6%) 2 (3.2%) 1.000
  Urinary retention 3 (1.7%) 2 (1.8%) 1 (1.6%) 1.000 2 (3.2%) 1 (1.6%) 1.000
  Pneumonia 4 (2.3%) 2 (1.8%) 2 (3.2%) 0.617 1 (1.6%) 2 (3.2%) 1.000
  Pelvic abscess 1 (0.6%) 0 (0.0%) 1 (1.6%) 0.356 0 (0.0%) 1 (1.6%) 1.000
  Arrhythmias 4 (2.3%) 2 (1.8%) 2 (3.2%) 0.617 1 (1.6%) 2 (3.2%) 1.000
  Pleural effusion 3 (1.7%) 1 (0.9%) 2 (3.2%) 0.289 0 (0.0%) 2 (3.2%) 0.496

Table 1  Comparison of demographic and clinicopathological characteristics before and after propensity score matching
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excision (TME) was similar to that in the OPEN group 
(Before PSM: 44.6% vs. 40.3%, P = 0.582; 64.3% vs. 74.2%, 
P = 0.180; After PSM: 38.7% vs. 40.3%, P = 0.854; 69.4% vs. 
74.2%, P = 0.549). Before PSM, the R0 resection rate was 
higher in the LAP group than in the OPEN group (99.1% 
vs. 95.2%; P = 0.049). Moreover, the LAP group had a 
lower incidence of postoperative complications as com-
pared to the OPEN group (13.4% vs. 35.5%, P = 0.001). 
After PSM, there was no significant difference in the R0 
resection rate between the two groups (98.4% vs. 95.2%, 
P = 0.133). However, the LAP group had a significantly 
lower postoperative complication rate than the OPEN 
group (14.5% vs. 35.5%, P = 0.007). The surgical outcomes 
of the two groups before and after matching are shown in 
Table 1.

Oncologic outcomes
The study had a median follow-up period of 34 months 
(range: 1-123). The 1-, 3-, and 5-year RFS for RNETs 
patients who underwent radical surgery were 90.3%, 
78.1%, and 76.0%, respectively (Fig. 2). The optimal cut-
off value for tumor size to predict RFS was determined 
to be 4.0 cm for the two subgroups, and 2.0 and 4.0 cm 
for the three subgroups. Multivariate analysis revealed 
that tumor grade (G2: hazard ratio [HR], 3.263; 95% CI: 
1.369–7.652, P = 0.012; G3: HR, 4.036. 95% CI: 1.102–
9.632, P = 0.009), lymph node metastasis (Positive: HR, 
2.896; 95% CI: 1.135–6.320, P = 0.030), and surgery type 

(OPEN: HR, 2.362; 95% CI: 1.069–5.324, P = 0.040) were 
independent risk factors for RFS. The log-rank test and 
Cox proportional hazards regression analysis of RFS are 
shown in Table 2.

Before PSM, the 1-, 3-, and 5-year RFS were 93.6%, 
83.2%, and 81.4% in the LAP group, and 84.3%, 69.8%, 
and 67.4% in the OPEN group, respectively. The differ-
ence was statistically significant (P = 0.045). After PSM, 
the 1-, 3-, and 5-year RFS were 95.2%, 85.3%, and 85.3% 
in the LAP group, and 84.3%, 69.8%, and 67.4% in the 
OPEN group, respectively. The difference was also statis-
tically significant (P = 0.048). Survival curves according to 
surgical type before and after PSM are shown in Fig. 3A 
and B.

Subgroup analysis
Tumor size was strongly correlated with surgical resection 
difficulty; thus, we performed a subgroup analysis based 
on this factor. In the aforementioned prognostic analy-
sis, we found that the optimal cut-off value of the tumor 
size for predicting RFS was 4.0 cm. In the RNETs ≤ 4 cm 
subgroup, there were 49 patients in the LAP group and 
55 in the OPEN group; in the RNETs > 4  cm subgroup, 
there were 13 patients in the LAP group and seven in the 
OPEN group. No significant differences were observed in 
their baseline characteristics.

There were no significant differences in the R0 resec-
tion rate or operation time in either the RNETs ≤ 4  cm 
(100.0% vs. 95.9%, P = 0.220; 175.29 ± 63.16  min vs. 
170.63 ± 92.01  min, P = 0.762) or the RNETs > 4  cm sub-
groups (85.7% vs. 92.3%, P = 0.299; 167.86 ± 40.50 min vs. 
177.54 ± 64.41 min, P = 0.724). Meanwhile, the proportion 
of patients in the LAP group who underwent stoma cre-
ation and TME was similar to those in the OPEN group, 
in either the RNETs ≤ 4  cm (38.2% vs. 36.7%, P = 0.879; 
67.3% vs. 73.5%, P = 0.490) or the RNETs > 4 cm subgroups 
(42.9% vs. 53.8%, P = 1.000; 71.4% vs. 84.6%, P = 0.587). 
The LAP group had a lower incidence of postoperative 
complications than the OPEN group in the RNETs ≤ 4 cm 
subgroup (10.9% vs. 34.7%, P = 0.004), while no significant 
difference was observed in the RNETs > 4  cm subgroup 
(42.9% vs. 38.5%, P = 1.000). Similarly, the postoperative 
hospital stay in the LAP group was significantly shorter 
than that in the OPEN group in the RNETs ≤ 4  cm sub-
group (9.56 ± 5.21 days vs. 12.31 ± 8.61 days, P = 0.049), 

Fig. 2  Relapse-free survival curve of the entire cohort of 174 rectal neuro-
endocrine tumors patients

 

Clinicopathological
characteristics

Overall population
(n = 174)

Before PSMd After PSM
LAPe group
(n = 112)

OPENf group
(n = 62)

P value LAP group
(n = 62)

OPEN group
(n = 62)

P value

  Gastric paralysis 4 (2.3%) 2 (1.8%) 2 (3.2%) 0.617 2 (3.2%) 2 (3.2%) 1.000
Postoperative hospital stay, mean ± SD, days 11.09 ± 6.48 10.41 ± 5.56 12.32 ± 7.78 0.062 10.11 ± 5.55 12.32 ± 7.78 0.071
aTME = total mesorectal excision. bPME = partial mesorectal excision.cSD = standard deviation. dPSM = propensity score matching. eLAP = laparoscopic surgery. 
fOPEN = open surgery

Table 1  (continued) 
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Table 2  Univariate and multivariate relapse-free survival analysis
Clinicopathological factors Univariate analysis Multivariable analysis

HRc 95% CId P value HR 95% CI P value
Gender (Male/Female) 1.082 0.538–2.178 0.825
Age (> 65/≤65) 0.635 0.315–1.279 0.204
Tumor site 0.508
  Low - - -
  Medium 0.638 0.298–1.370 0.249
  High 0.792 0.297–2.115 0.642
Tumor size, cm 0.235
  ≤2 - - -
  2 ~ 4 1.827 0.853–3.912 0.121
  >4 2.018 0.658–6.192 0.220
Tumor grade 0.029 0.012
  G1 - - - - - -
  G2 3.006 1.200-7.532 0.019 3.263 1.369–7.652 0.012
  G3 3.111 1.309–7.390 0.010 4.036 1.102–9.632 0.009
Lymph node metastasis (Positive/Negative) 4.526 1.526–8.563 0.009 2.896 1.135–6.320 0.030
Surgery (OPENa /LAPb) 2.050 1.015–4.140 0.045 2.362 1.069–5.324 0.040
Neoadjuvant (Yes /No) 0.981 0.301–3.194 0.974
Adjuvant (Yes /No) 3.335 1.602–6.943 0.001 1.356 0.862–12.369 0.103
aOPEN = open surgery. bLAP = laparoscopic surgery. cHR = hazard ratio. dCI = confidence interval

Fig. 3  Comparison of relapse-free survival between the laparoscopic surgery group and open surgery group: (A) Before propensity score matching; (B) 
After propensity score matching; (C) ≤ 4 cm subgroup after propensity score matching; (D) > 4 cm subgroup after propensity score matching
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while no significant difference was observed in the 
RNETs > 4 cm subgroup (14.43 ± 6.60 days vs. 12.38 ± 3.33 
days, P = 0.465). The clinicopathological characteristics 
and surgical outcomes of the subgroups are shown in 
Table 3.

The RFS of the LAP group was superior to that 
of the OPEN group in the RNETs ≤ 4  cm subgroup 
(P = 0.025), whereas no significant difference was found 
in the RNETs > 4 cm subgroup (P = 0.724). Survival curves 
according to the surgical type are shown in Fig. 3C and D.

Discussion
Radical resection, including low anterior and abdomino-
perineal resection, is the primary treatment for localized 
RNETs. However, while radical resection achieves more 
complete tumor dissection and improves patient sur-
vival, it may also result in poor functional outcomes as 
compared to local excision [12–16]. Therefore, the choice 
between local excision and radical resection is crucial in 
managing patients with RNETs.

In this study, the preoperative imaging results served 
as important references for selecting surgical methods 
for patients with RNETs. By effectively communicating 
with the patients and their families, we determined the 
optimal surgical approach after carefully assessing the 
tumor size, tumor grade, T stage, and lymph node metas-
tasis status. For RNETs, we recommend radical resection 
for patients with tumor size > 2  cm, T stage > T1, tumor 
grade G3, lymph node metastasis, or neurovascular inva-
sion. Radical resection has been suggested in patients 
with RNEC and RMANEC. These indications for radi-
cal resection are similar to those outlined in the CSCO 
guidelines for RNENs [5].

Laparoscopic surgery has become the standard treat-
ment for digestive tract tumors. Several retrospective 
case-control studies and randomized controlled trials 
have demonstrated that laparoscopic surgery has a long-
term prognosis not inferior to that of open surgery, as 
well as having the advantages of less trauma and rapid 
postoperative recovery [17–20]. However, evidence com-
paring laparoscopic and open surgery for RNETs remains 
scarce, owing to their rarity and even rarer indications for 
radical surgery. Therefore, we designed and implemented 
a multicenter study to compare the postoperative and 
oncological outcomes between laparoscopic and open 
surgery for RNETs. To the best of our knowledge, this is 
the largest study of RNETs in patients who underwent 
radical resection.

RNETs are located in the pelvic cavity, with complex 
adjacent organs and a narrow surgical space, thus mak-
ing precise localization and safe resection difficult. Lapa-
roscopic surgery can effectively reduce traction injury 
to the surrounding organs by directly reaching the 
lesion site with extended surgical instruments. Image 

reproduction is achieved through the endoscope and 
monitor, which makes it possible for surgeons to observe 
the surgical field more intuitively, thus assisting in safe 
tumor resection. Studies have shown that laparoscopic 
surgery for NENs in the stomach and small bowel yields 
short-term outcomes comparable to those of open sur-
gery [21, 22]. In this study, we found that laparoscopic 
surgery for RNETs resulted in a lower incidence of com-
plications and a higher rate of R0 resection than open 
surgery. To improve the credibility of our retrospective 
data analysis, we performed PSM between the groups to 
balance the covariates and confounders. After PSM, we 
found a lower incidence of postoperative complications 
in the LAP group, with no significant differences in the 
R0 resection rate, operation time, or postoperative hospi-
tal stay. These results demonstrate that laparoscopic sur-
gery may offer better surgical outcomes for RNETs owing 
to its minimally invasive nature.

Although laparoscopic surgery lacks tactile sensation, 
which poses a risk for tumor rupture and iatrogenic dis-
semination, studies have shown satisfactory long-term 
prognosis in laparoscopic resection of RNETs, with a 
3-year overall survival rate of 97.8% [8, 9]. However, com-
parisons between laparoscopic and open surgeries, in 
terms of oncological outcomes for RNETs, remain lack-
ing. In our study, we used PSM to minimize the influence 
of confounding factors. The results suggested that lapa-
roscopic surgery was associated with a better RFS than 
open surgery before and after PSM. In conclusion, lapa-
roscopic surgery is a safe and feasible option for radical 
surgery in patients with RNETs.

Tumor size is associated with difficulty in surgical 
resection during the treatment of digestive tract tumors; 
a larger tumor size often indicates a more complicated 
surgical procedure, thus increasing the risk for intraop-
erative complications. To assess the impact of tumor size 
on short- and long-term outcomes, we performed a sub-
group analysis of patients with RNETs after PSM using a 
cutoff value of 4 cm. Among patients with RNETs ≤ 4 cm, 
those in the laparoscopic group had fewer complications, 
shorter postoperative hospital stays, and superior RFS as 
compared with those in the open group. Among patients 
with RNETs > 4  cm, the short- and long-term outcomes 
did not significantly differ between the laparoscopic and 
open groups. Similarly, previous studies at our medical 
center have shown that in rectal gastrointestinal stromal 
tumors, laparoscopic surgery was associated with supe-
rior RFS and fewer complications only in patients with 
≤ 5-cm tumors, whereas these advantages were lost in 
those with > 5 cm [23]. These results suggest that laparo-
scopic surgery has advantages related to tumor size in the 
management of rectal neoplasms.

This study had several limitations. First, although 
we used PSM to reduce potential bias and performed a 



Page 8 of 10Zeng et al. BMC Cancer          (2024) 24:956 

Table 3  Comparison of demographic and clinicopathological characteristics in subgroup analysis of tumor size after propensity score 
matching
Clinicopathological
characteristics

≤ 4 cm > 4 cm
LAPd group
(n = 55)

OPENe group
(n = 49)

P value LAP group
(n = 7)

OPEN group
(n = 13)

P value

Baseline characteristics
Gender, n (%) 0.849 1.000
  Female 17 (30.9%) 16 (32.7%) 3 (42.9%) 6 (46.2%)
  Male 38 (69.1%) 33 (67.3%) 4 (57.1%) 7 (53.8%)
Age, n (%), year 0.557 1.000
  ≤60 34 (61.8%) 33 (67.3%) 3 (42.9%) 7 (53.8%)
  >60 21 (38.2%) 16 (32.7%) 4 (57.1%) 6 (46.2%)
Tumor site, n (%) 0.952 0.386
  Low 35 (63.6%) 32 (65.3%) 3 (42.9%) 9 (69.2%)
  Medium 16 (29.1%) 13 (26.5%) 3 (42.9%) 2 (15.4%)
  High 4 (7.3%) 4 (8.2%) 1 (14.3%) 2 (15.4%)
Tumor grade, n (%) 0.155 0.828
  G1 29 (52.7%) 34 (69.4%) 1 (14.3%) 1 (7.7%)
  G2 22 (40.0%) 11 (22.4%) 1 (14.3%) 3 (23.1%)
  G3 4 (7.3%) 4 (8.2%) 5 (71.4%) 9 (69.2%)
Lymph node metastasis, n (%) 0.585 0.197
  Negative 24 (43.6%) 24 (49.0%) 3 (42.9%) 1 (7.7%)
  Positive 31 (56.4%) 25 (51.0%) 4 (57.1%) 12 (92.3%)
Neoadjuvant, n (%) 1.000 1.000
  No 52 (94.5%) 47 (95.9%) 7 (100.0%) 12 (92.3%)
  Yes 3 (5.5%) 2 (4.1%) 0 (0.0%) 1 (7.7%)
Adjuvant, n (%) 0.668 1.000
  No 37 (67.3%) 31 (63.3%) 3 (42.9%) 7 (53.8%)
  Yes 18 (32.7%) 18 (36.7%) 4 (57.1%) 6 (46.2%)
Surgical outcomes
Resection margin, n (%) 0.220 0.299
  R0 55 (100.0%) 47 (95.9%) 6 (85.7%) 12 (92.3%)
  R1 0 (0.0%) 2 (4.1%) 0 (0.0%) 1 (7.7%)
  R2 0 (0.0%) 0 (0.0%) 1 (14.3%) 0 (0.0%)
Resection procedure 0.490 0.587
  With TMEa 37 (67.3%) 36 (73.5%) 5 (71.4%) 11 (84.6%)
  With PMEb 18 (32.7%) 13 (26.5%) 2 (28.6%) 2 (15.4%)
Stoma creation 0.879 1.000
  No 34 (61.8%) 31 (63.3%) 4 (57.1%) 6 (46.2%)
  Yes 21 (38.2%) 18 (36.7%) 3 (42.9%) 7 (53.8%)
Operation time, mean ± SDc, min 175.29 ± 63.16 170.63 ± 92.01 0.762 167.86 ± 40.50 177.54 ± 64.41 0.724
Complication, n (%) 0.004 1.000
  No 49 (89.1%) 32 (65.3%) 4 (57.1%) 8 (61.5%)
  Yes 6 (10.9%) 17 (34.7%) 3 (42.9%) 5 (38.5%)
Complication type
  Incision complication 0 (0.0%) 5 (10.2%) 0.021 1 (0.0%) 1 (7.7%) 1.000
  Anastomotic leakage 0 (0.0%) 2 (4.1%) 0.220 1 (14.3%) 2 (15.4%) 1.000
  Ileus 1 (1.8%) 1 (2.0%) 1.000 0 (0.0%) 1 (7.7%) 1.000
  Urinary retention 1 (1.8%) 1 (2.0%) 1.000 1 (14.3%) 0 (0.0%) 0.350
  Pneumonia 1 (1.8%) 2 (4.1%) 0.600 0 (0.0%) 0 (0.0%) -
  Pelvic abscess 1 (1.8%) 1 (2.0%) 1.000 0 (0.0%) 0 (0.0%) -
  Arrhythmias 1 (1.8%) 1 (2.0%) 1.000 0 (0.0%) 1 (7.7%) 1.000
  Pleural effusion 0 (0.0%) 2 (4.1%) 0.220 0 (0.0%) 0 (0.0%) -
  Gastric paralysis 1 (1.8%) 2 (4.1%) 0.600 0 (0.0%) 0 (0.0%) -
Postoperative hospital stay, mean ± SD, days 9.56 ± 5.21 12.31 ± 8.61 0.049 14.43 ± 6.60 12.38 ± 3.33 0.465
aTME = total mesorectal excision. bPME = partial mesorectal excision.cSD = standard deviation. dLAP = laparoscopic surgery. eOPEN = open surgery
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subgroup analysis to investigate the impact of the surgical 
approach on patient outcomes, the retrospective nature 
of the study affected its statistical power and clinical 
value. In addition, RNETs are slow-growing tumors [24]; 
a longer follow-up period is required for a comprehen-
sive clinical evaluation of patient status. Furthermore, the 
number of cases in the RNETs > 4 cm subgroup was too 
low to draw definitive conclusions. However, to the best 
of our knowledge, this is currently the largest study to 
compare laparoscopic with open surgery for RNETs, and 
thus may provide valuable guidance for their treatment. 
We look forward to a subsequent large prospective mul-
ticenter study to provide more reliable medical evidence 
for choosing a radical surgical approach for RNETs.

Conclusion
In summary, laparoscopic surgery is a safe and feasi-
ble option for radical resection of localized RNETs. For 
patients with RNETs ≤ 4  cm, laparoscopic surgery was 
associated with a superior RFS, a reduced rate of complica-
tions, and shorter postoperative hospital stays. For patients 
with RNETs > 4  cm, laparoscopic surgery has oncological 
and surgical outcomes similar to those of open surgery.
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