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INTRODUCTION

Pancreatic neuroendocrine tumors (PNETs) are rare diseases 
that originate in the pancreas with gradually increasing inci-
dence in recent years [1]. Advancements in imaging diagnostics 
have led to an increase in the detection of asymptomatic, inci-
dental, and non-functional pancreatic neuroendocrine tumors 
(NF-PNETs) [2,3]. Surgical resection is the primary treatment 
option for NF-PNETs. However, recent studies have shown that 
NF-PNETs < 2 cm tend to have a relatively stable progression, 
leading to a growing tendency to defer surgical treatment [4-
6]. The latest guidelines by the European Neuroendocrine Tu-
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mor Society recommend monitoring progression rather than 
proceeding with surgical intervention for NF-PNETs < 2 cm 
[7]. After undergoing pancreatic resection, the quality of life 
of patients can deteriorate with risks of complications. There-
fore, benefits and risks of surgery must be carefully considered 
for NF-PNETs. Although previous studies have addressed 
complications in PNET, there is a lack of focused research on 
postoperative complications in patients with sporadic NF-
PNETs [8-11]. Moreover, PNETs are known to have a higher 
risk of postoperative pancreatic fistula (POPF) owing to a soft 
texture of the pancreas and a relatively small diameter of the 
main pancreatic duct (MPD) [12-14]. Risk may differ from 
those of other pancreatic lesions such as pancreatic ductal ad-
enocarcinoma, necessitating a unique approach to POPF risk 
assessment. Thus, this study aimed to analyze complications 
and POPF occurrence patterns according to surgical method 
for patients with sporadic NF-PNETs and examine previously 
published risk factors affecting POPF by dividing subjects into 
subgroups according to surgical method.

MATERIALS AND METHODS

Study population and data collection
This study focused on patients diagnosed with NF-PNETs 

who underwent surgery at Severance Hospital, Seoul, South 
Korea between February 2000 and August 2023. The Insti-
tutional Review Board of our institution approved this study 
(approval number: 2023-3327-002). This study followed the 
STROCSS (strengthening the reporting of cohort studies in 
surgery) criteria for reporting [15]. Patients exhibiting symp-
toms or biochemical evidence of hormone overproduction 
from functional tumors were excluded. Patients with genetic 
conditions such as Multiple Endocrine Neoplasia type 1 and 
Von Hippel–Lindau disease were also excluded. To gather in-
formation on patients' general characteristics, tumor patholo-
gy, perioperative outcomes, surgical procedures, postoperative 
outcomes, and complications, their medical records, computed 
tomography (CT) scans, surgical, and pathologic reports were 
analyzed. Patients with insufficient imaging data or inadequate 
surgical records were excluded from this study.

Tumor classification and assessment criteria
Tumor grading was based on the World Health Organization 

2022 grading system. Tumor location was classified as head, 
body, or tail based on left borders of the superior mesenteric 
vein (SMV) and aorta. Tumors crossing these areas were la-
beled “diffuse.” The number and size of tumors were deter-
mined based on final pathology reports.

Risk assessment for pancreatic fistula using surgical records 
and preoperative and postoperative imaging

To evaluate the risk of POPF in patients, risk factors identi-
fied in previous studies were analyzed using surgical records 

and preoperative and postoperative imaging [12,16-20]. Al-
though various criteria exist for assessing pancreatic texture, 
in this study, we classified pancreatic texture as “soft” or “hard” 
based on surgeon’s notes in the surgical record [20]. We incor-
porated indicators derived from preoperative and postopera-
tive CT scans in the electronic medical records (EMR) to assess 
the risk of POPF as described in previous studies [16,17]. Mea-
surement methods varied depending on the surgical technique 
exemplified in Supplementary Fig. 1. Patients undergoing py-
lorus-preserving pancreaticoduodenectomy (PD) or Whipple 
operation, PD, and distal pancreatectomy (DP) had thickness 
of the pancreas (PT) and diameter of the MPD measured along 
the resection margin in the last CT scan before surgery. The 
resection margin was determined on the immediate postoper-
ative CT scan, referencing major structures such as the SMV 
or aorta. PT and diameter of the MPD at the pancreaticoje-
junostomy or pancreaticogastrostomy resection margin were 
measured for patients who underwent central pancreatectomy 
(CP). For enucleation, duct diameter and pancreatic thickness 
were measured at the tumor location. The ratio of the pancre-
atic thickness to the main pancreatic duct diameter (PT/MPD 
ratio) was also measured. Following previous research studies, 
cut-off values were set at a pancreatic duct diameter of 3 mm 
and pancreatic thickness of 13 mm to indicate an increased 
risk of pancreatic fistula [16,17,19].

Perioperative and postoperative data analysis
In this study, we collected body mass index (BMI) and Amer-

ican Society of Anesthesiology (ASA) scores from patients’ 
preoperative weight and height measurements and anesthesia 
records [21]. Type of surgery (open or minimally invasive) was 
determined from surgical records. Open surgeries included 
both initially planned open procedures and conversions from 
minimally invasive surgery (MIS), while MIS encompassed 
both laparoscopic and robotic approaches. Intraoperative data 
including total surgery time, estimated blood loss, and transfu-
sion requirements were collected. Postoperative outcomes and 
complications were gathered from postoperative records and 
test results, classified, and collected according to the Clavien–
Dindo classification [21]. To understand the overall burden of 
postoperative complications, we used the comprehensive com-
plication index (CCI) [22]. Severe complications were defined 
as those above grade IIIA in the Clavien–Dindo classification. 
Delayed gastric emptying, POPF, chyle leakage, and postpan-
createctomy hemorrhage were classified and defined according 
to the International Study Group for Pancreatic Surgery crite-
ria [23-26]. For POPF risk analysis, “clinically relevant POPF 
(CR-POPF)” was defined as grades B and C POPF, whereas “all 
POPF” included CR-POPF and biochemical leaks. Biochemical 
leaks were excluded from the definition of POPF as they were 
clinically insignificant without affecting patient outcomes [23]. 
However, the objective of this study was to investigate parame-
ters that could influence the risk, including subclinical occur-
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rences of POPF. Therefore, biochemical leaks were included in 
the analysis as part of the POPF definition.

Statistical analysis
Continuous variables were tested for normality and ex-

pressed as mean and standard deviation or median and in-
terquartile range (IQR). Continuous variables were analyzed 
using one-way analysis of variance or the Kruskal–Wallis test 
after normal distribution testing to compare perioperative and 
postoperative outcomes across different types of surgeries. Cat-
egorical variables were examined using Pearson’s chi-square 
or Fisher’s exact test. Risk factors for severe complications 
and POPF were analyzed using logistic regression. Variables 
included in the multiple regression were selected through step-
wise regression from those with a p-value < 0.2 in univariate 
analysis. For continuous variables requiring a cut-off value in 
this risk factor analysis, the cut-off value was determined using 
a receiver operating characteristic (ROC) curve. Statistical sig-
nificance was set at p < 0.05. All statistical analyses were per-
formed using SPSS version 24 (IBM Corp.) and R version 4.3.2.

RESULTS

Clinicopathologic characteristics of patients
Of patients diagnosed with sporadic NF-PNETs who under-

went surgery, 166 were included in this study after excluding 
four patients with insufficient imaging data in the EMR as 
shown in Supplementary Fig. 2. General characteristics of pa-
tients are summarized in Table 1. Number of patients accord-
ing to the type of surgery was as follows: enucleation, 23 (13.9%); 
DP, 83 (50.0%); CP, 8 (4.8%); PD, 44 (26.5%); and total pancre-
atectomy (TP), 8 (4.8%). Among these, 99 (59.6%) underwent 
MIS. Variables known to be risk factors for POPF were investi-
gated for all patients except for those who underwent TP.

According to surgical records, the pancreatic texture was 
classified as soft in 146 (93.0%) patients. The MPD diameter 
measured at the resection margin or tumor location had a 
median of 2.0 mm with an IQR of 1.6–2.5 mm. Seventy-seven 
(48.7%) patients had an MPD diameter ≤ 2 mm, 63 (39.9%) had 
a diameter > 2 mm but ≤ 3 mm, and 18 (11.4%) had a diameter 
> 3 mm. The median of pancreatic thickness was 13.2 mm with 
an IQR of 10.8–16.0 mm. The median of the PT/MPD ratio was 
6.3 with an IQR of 4.8–8.3.

Perioperative outcomes based on surgical types
Results of comparing perioperative and postoperative out-

comes according to surgery type are presented in Table 2. Op-
erative time, estimated blood loss, and length of hospital stay 
were higher in PD and TP groups than in enucleation and DP 
groups. In the TP group, the rate of severe complications was 
20/166 (12.05%). However, no mortalities occurred within 90 
days of surgery. Rates of severe complications for each type of 
surgery were as follows: enucleation, 8.7%; DP, 3.6%; CP, 25.0%; 

Table 1. Baseline characteristics of patients

Variable Value (n = 166)

Age (yr) 56.0 [46.0–62.0]
Sex
      Male 82 (49.4)
      Female 84 (50.6)
BMI (kg/m²) 24.1 ± 3.1
ASA classification
      ASA I 37 (22.3)
      ASA II 97 (58.4)
      ASA III 32 (19.3)
Tumor location
      Head 59 (35.5)
      Body 45 (27.1)
      Tail 54 (32.5)
      Diffuse 8 (4.8)
Type of surgery
      Enucleation 23 (13.9)
      Distal pancreatectomy 83 (50.0)
      Central pancreatectomy 8 (4.8)
      Pancreaticoduodenectomy 44 (26.5)
      Total pancreatectomy 8 (4.8)
Surgical approach
      Open 67 (40.4)
      Minimally invasive approach 99 (59.6)
WHO grading system
      Grade 1 129 (77.7)
      Grade 2 35 (21.1)
      Grade 3 2 (1.2)
Largest tumor size (mm) 1.9 [1.3–3.2]
Number of tumors
      Unifocal 158 (95.2)
      Multifocal 8 (4.8)
Variables associated with POPF
   (except patients who underwent TP)

(n=158)

Pancreatic texture
      Soft 146 (93.0)
      Hard 11 (7.0)
Pancreas thickness (mm) 13.2 [10.8–16.0]
Diameter of MPD (mm) 2.0 [1.6–2.5]
MPD diameter ≤ 2 mm 77 (48.7)
2 mm < MPD diameter ≤ 3 mm 63 (39.9)
3 mm < MPD diameter 18 (11.4)
PT/MPD ratio 6.3 [4.8–8.3]

Values are presented as median [range], number (%), or mean ± standard 
deviation.
BMI, body mass index; ASA, American Society of Anesthesiology; WHO, 
World Health Organization; POPF, postoperative pancreatic fistula; TP, 
total pancreatectomy; MPD, main pancreatic duct; PT/MPD ratio, the ratio 
of pancreatic thickness/main pancreatic duct diameter.
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PD, 27.3%; and TP, 12.5% (p = 0.002). Differences of CCI for 
each type of surgery are shown in Supplementary Fig. 3. The 
median CCI was higher in PD or CP group than in DP or enu-
cleation group. The median CCI of the TP group was less than 
that of the PD or CP group.

Risk factors for severe complications in patients with 
sporadic NF-PNETs undergoing pancreatic resection

Results of logistic regression analysis of risk factors for severe 
complications are shown in Table 3. Sex, age, BMI, and preop-
erative ASA scores were not significantly associated with severe 
complications. Severe complications showed no significant dif-
ferences between open and minimally invasive surgeries either. 

Table 2. Comparison of surgical types: perioperative outcomes and complications

Variable
Enucleation

(n = 23)

Distal 
pancreatectomy

(n = 83)

Central 
pancreatectomy

(n = 8)

PPPD or Whipple 
operation

(n = 44)

Total  
pancreatectomy

(n = 8)
p-value

Age (yr) 55.0 [49.0–58.0] 54.0 [45.0–62.0] 56.5 [50.0–59.5] 57.5 [45.5–65.0] 58.0 [53.0–64.5] 0.801
Male : female 9 : 14 

(39.1% : 60.9%)
47 : 36 

(56.6% : 43.4%)
3 : 5 

(37.5% : 62.5%)
18 : 26 

(40.9% : 59.1%)
5 : 3 

(62.5% : 37.5%)
0.293

BMI (kg/m²) 23.8 ± 2.9 24.6 ± 3.1 22.6 ± 1.6 23.9 ± 3.3 22.8 ± 3.0 0.203
ASA classification 0.002
   ASA I 13 (56.5) 16 (19.3) 1 (12.5) 5 (11.4) 2 (25.0)
   ASA II 5 (21.7) 51 (61.4) 7 (87.5) 30 (68.2) 4 (50.0)
   ASA III 5 (21.7) 16 (19.3) 0 (0.0) 9 (20.5) 2 (25.0)
Open : MIS 13 : 10 

(56.5% : 43.5%)
19 : 64 

(22.9% : 77.1%)
3 : 5

(37.5% : 62.5%)
27 : 17

(61.4% : 38.6%)
5 : 3

(62.5% : 37.5%)
< 0.001

Operation time (min) 154.0 [90.0–190.0] 194.0 [152.0–250.0] 329.5 [267.5–429.5] 383.0 [326.5–499.5] 401.5 [343.5–473.5] < 0.001
Blood loss (mL) 50.0 [20.0–100.0] 100.0 [30.0–250.0] 100.0 [50.0–350.0] 275.0 [100.0–550.0] 750.0 [275.0–1,300.0] < 0.001
Transfusion 2 (8.7) 2 (2.4) 0 (0.0) 2 (4.5) 5 (62.5) < 0.001
Hospital stay (day) 9.0 [7.5–13.0] 9.0 [8.0–12.0] 24.5 [9.0–33.0] 14.0 [11.5–26.0] 23.0 [15.0–31.5] < 0.001
Clavien–Dindo classification
   Grade I 12 (52.2) 31 (37.3) 2 (25.0) 12 (27.3) 1 (12.5)
   Grade II 0 (0.0) 16 (19.3) 2 (25.0) 10 (22.7) 2 (25.0)
   Grade IIIA 2 (8.7) 3 (3.6) 1 (12.5) 7 (15.9) 0 (0.0)
   Grade IIIB 0 (0.0) 0 (0.0) 1 (12.5) 2 (4.5) 0 (0.0)
   Grade IV 0 (0.0) 0 (0.0) 0 (0.0) 3 (6.8) 1 (12.5)
CCI 8.7 [0.0–8.7] 8.7 [0.0–8.7] 14.8 [4.3–27.2] 14.8 [8.7–26.2] 4.3 [0.0–20.9] 0.007
POPF < 0.001
   Biochemical leak 9 (39.1) 39 (47.0) 4 (50.0) 23 (52.3) 0 (0.0)
      Grade B 2 (8.7) 2 (2.4) 1 (12.5) 7 (15.9) 0 (0.0)
      Grade C 0 (0.0) 0 (0.0) 1 (12.5) 0 (0.0) 0 (0.0)
   CR POPF (Grade B or C) 2 (8.7) 2 (2.4) 2 (25.0) 7 (15.9) 0 (0.0) 0.023
   Bile leakage 0.013
      Grade A 0 (0.0) 0 (0.0) 0 (0.0) 5 (11.4) 0 (0.0)
      Grade B 1 (4.3) 0 (0.0) 0 (0.0) 2 (4.5) 0 (0.0)
   Delayed gastric emptying 0.001
      Grade A 1 (4.3) 2 (2.4) 3 (37.5) 9 (20.5) 1 (12.5)
      Grade B 0 (0.0) 0 (0.0) 0 (0.0) 1 (2.3) 0 (0.0)
   Chyle leakage (Grade A) 0 (0.0) 4 (4.8) 0 (0.0) 2 (4.5) 2 (25.0) 0.154
   Post-pancreatectomy hemorrhage
      Grade A 0 (0.0) 0 (0.0) 0 (0.0) 1 (2.3) 0 (0.0) 0.189
      Grade B 0 (0.0) 0 (0.0) 0 (0.0) 1 (2.3) 1 (12.5)
      Grade C 0 (0.0) 0 (0.0) 0 (0.0) 1 (2.3) 0 (0.0)

Values are presented as median [range], mean ± standard deviation, or number (%).
PPPD, pylorus-preserving pancreaticoduodenectomy; BMI, body mass index; ASA, American Society of Anesthesiology; MIS, minimally invasive surgery; 
CCI, comprehensive complication index; POPF, postoperative pancreatic fistula; CR POPF, clinically relevant POPF.
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Through stepwise regression, the multiple regression analysis 
included only type of surgery. Patients who underwent PD 
showed a tendency towards more severe complications com-
pared to those who had enucleation (odds ratio [OR]: 3.94, 95% 
confidential interval [CI]: 0.95–26.97, p = 0.092).

Risk factors for POPF in patients with sporadic NF-PNETs 
undergoing pancreatic resection

Results of the logistic regression analysis of risk factors for 
all POPFs in patients, excluding those who underwent TP, are 
shown in Table 4. Pancreatic texture, thickness of pancreas 
measured by CT at the resection margin or tumor location, and 
PT/MPD ratio were not significantly associated with the risk 

Table 3. Risk factors for a severe complications (Grade IIIA or higher)

Univariable analysis Multiple regression

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

Male (ref: female) 1.29 (0.50–3.38) 0.594
Age > 65 years (ref: age ≤ 65 years) 1.10 (0.30–3.29) 0.871
BMI ≥ 25.0 kg/m² (ref: BMI < 25 kg/m²) 0.54 (0.17–1.47) 0.251
ASA Grade 3 or 4 (ref: Grade 1 or 2) 1.47 (0.45–4.17) 0.491
MIS (ref: open laparotomy) 0.51 (0.19–1.31) 0.16
Type of surgery
   Enucleation ref ref ref ref
   DP 0.39 (0.06–3.13) 0.324 0.39 (0.06–3.13) 0.324
   PD 3.94 (0.95–26.97) 0.092 3.94 (0.95–26.97) 0.092
   TP or others 2.42 (0.36–20.33) 0.366 2.42 (0.36–20.33) 0.366
WHO grade 2 or 3 (ref: Grade 1) 1.59 (0.53–4.32) 0.38
Tumor size > 2 cm (ref: Size ≤ 2 cm) 0.80 (0.30–2.04) 0.634
LN metastasis (ref: no LN metastasis) 2.36 (0.61–7.55) 0.171

OR, odds ratio; CI, confidence interval; ref, reference; BMI, body mass index; ASA, American Society of Anesthesiology; MIS, minimally invasive surgery; DP, 
distal pancreatectomy; PD, pancreaticoduodenectomy; TP, total pancreatectomy; WHO, world health organization; LN, lymph node.

Table 4. Risk factors for POPF in patients with non-functional pancreatic neuroendocrine tumors who underwent pancreatic resection except total pan-
createctomy

All POPF
Univariable analysis Multiple regression

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

Male (ref: female) 0.91 (0.49–1.71) 0.776
Age > 65 years (ref: age ≤ 65 years) 0.58 (0.26–1.31) 0.195 0.51 (0.21–1.21) 0.129
BMI ≥ 25.0 kg/m² (ref: BMI < 25.0 kg/m²) 0.91 (0.48–1.75) 0.776
MIS (ref: open laparotomy) 0.85 (0.45–1.62) 0.63
Pancreatic texture: Hard (ref: soft) 0.95 (0.27–3.43) 0.937
Type of surgery
   Enucleation ref ref ref ref
   DP 1.06 (0.42–2.72) 0.894 1.22 (0.46–3.24) 0.685
   CP 3.27 (0.60–25.70) 0.196 3.04 (0.55–24.30) 0.232
   PD 2.34 (0.83–6.71) 0.108 3.70 (1.22–11.74) 0.022
MPD diameter > 3 mm (ref: diameter ≤ 3 mm) 0.32 (0.11–0.86) 0.03 0.22 (0.07–0.63) 0.008
Pancreas thickness > 13 mm (ref: thickness ≤ 13 mm) 1.08 (0.58–2.03) 0.804
PT/MPD ratio (continuous) 1.06 (0.95–1.19) 0.315
WHO grade 2 or 3 (ref: Grade 1) 0.55 (0.25–1.18) 0.128 0.52 (0.22–1.17) 0.116
Tumor size > 2 cm (ref: size ≤ 2 cm) 0.79 (0.42–1.48) 0.456
EBL > 180 mL (ref: EBL ≤ 180 mL) 0.88 (0.45–1.69) 0.69

POPF, postoperative pancreatic fistula; OR, odds ratio; CI, confidence interval; ref, reference; BMI, body mass index; MIS, minimally invasive surgery; DP, 
distal pancreatectomy; CP, central pancreatectomy; PD, pancreaticoduodenectomy; MPD, main pancreatic duct; PT/MPD ratio, the ratio of pancreatic 
thickness/main pancreatic duct diameter; WHO, world health organization; EBL, estimated blood loss.



Complication & POPF in sporadic non-functional PNETs

www.ahbps.org

173

of POPF (pancreatic texture, OR: 0.95, 95% CI: 0.27–3.43, p = 
0.937; pancreatic thickness > 13 mm [reference: < 13 mm], OR: 
1.08, 95% CI: 0.58–2.03, p = 0.804; PT/MPD ratio [continuous], 
OR: 1.06, 95% CI: 0.95–1.19, p = 0.315). In the multiple regres-
sion analysis, undergoing PD and MPD diameter > 3 mm were 
significant risk factors for POPF (PD vs. enucleation: adjusted 
OR: 3.70, 95% CI: 1.22–11.74, p = 0.022; MPD diameter > 3 mm 
[ref ≤ 3 mm]: adjusted OR: 0.22, 95% CI: 0.07–0.63, p = 0.008). 
Results of logistic regression analysis for CR-POPF are detailed 
in Supplementary Table 1, showing no statistically significant 
risk factors.

Subgroup analysis of risk factors for POPF in patients with 
sporadic NF-PNETs based on surgical types

Results of logistic regression analysis for risk factors of all 
POPFs in patients undergoing PD are presented in Table 5. 
Both MPD diameter and PT/MPD ratio showed statistically 
significant associations with all POPFs. For MPD diameter 
> 3 mm (ref: ≤ 3 mm), the OR was 0.11 (95% CI: 0.02–0.50, p 
= 0.007). For PT/MPD ratio (continuous), OR was 1.80 (95% 
CI: 1.23–2.96, p  = 0.007). Results of ROC curve analysis to 
determine the cut-off value for the PT/MPD ratio in risk of all 
POPFs are shown in Supplementary Fig. 4. The ROC curve for 
the MPD diameter is also shown in Supplementary Fig. 4. Area 
under the curve (AUC) of the MPD diameter was 0.748 (95% 
CI: 0.58–0.915, p < 0.001). A PT/MPD ratio cut-off of 4.47 had a 
sensitivity of 86.2%, a specificity of 64.3%, a positive predictive 
value of 83.3%, and a negative predictive value of 69.2% with 
an AUC of 0.786 (95% CI: 0.626–0.945, p < 0.001). Patients with 
a PT/MPD ratio > 4.47 had an OR of 11.70 (95% CI: 2.76–60.08, 
p = 0.001) for risk of all POPFs compared to those with a ratio 

≤ 4.47. In the multiple regression analysis, only the variable of 
PT/MPD ratio divided at a 4.47 cut-off was included. On the 
other hand, the only factor that significantly increased the risk 
of CR-POPF in patients who underwent PD was the PT/MPD 
ratio (PT/MPD ratio, OR: 1.57, 95% CI: 1.09–2.48, p  = 0.024, 
Supplementary Table 2).

Results of logistic regression analysis for risk factors of all 
POPFs and CR-POPF in patients who underwent DP are pre-
sented in Supplementary Table 3. It was found that variables 
such as pancreatic texture, MPD diameter, pancreatic thick-
ness, and PT/MPD ratio did not show statistically significant 
differences with respect to POPF.

DISCUSSION

In this study, we comprehensively analyzed complications 
that occurred in patients undergoing surgery for sporadic 
non-functional neuroendocrine tumors. To the best of our 
knowledge, this is the first study focusing exclusively on post-
operative complications of sporadic NF-PNETs. In a previous 
study that included functional and hereditary PNETs, the rate 
of severe complications (Grade 3 or above) was approximately 
41.5% (51/123) [8]. However, a lower rate of 12.05% (20/166) 
was found in our study. Both our study and the previous study 
showed no statistically significant differences in severe com-
plications among patients ≥ 65 years or those with higher ASA 
grades [8]. This finding indicated that age and existing morbid-
ities might not necessarily preclude surgery in eligible patients. 
Additionally, there was no significant difference in complica-
tion rate between open and minimally invasive approaches, al-
though patients who underwent PD had a higher rate of severe 

Table 5. Risk factors for POPF in patients with non-functional pancreatic neuroendocrine tumors who underwent pancreaticoduodenectomy

All POPF
Univariable analysis Multiple regression

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

Male (ref: female) 1.38 (0.38–5.41) 0.633
Age > 65 years 1.12 (0.25–5.94) 0.888
BMI ≥ 25.0 kg/m² 2.44 (0.61–12.50) 0.234
MIS (ref: open laparotomy) 3.21 (0.81–16.36) 0.119
Pancreatic texture: Hard 0.67 (0.10–5.56) 0.678
MPD diameter > 3 mm 0.11 (0.02–0.50) 0.007
Pancreas thickness > 13 mm 1.04 (0.28–4.12) 0.951
PT/MPD ratio (continuous) 1.80 (1.23–2.96) 0.007
PT/MPD ratio > 4.47a) 11.70 (2.76–60.08) 0.001 11.70 (2.76–60.08) 0.001
WHO grade 2 or 3 0.62 (0.14–2.89) 0.529
Tumor size > 2 cm 0.96 (0.24–3.55) 0.951
EBL > 180 mL (ref: EBL ≤ 180 mL) 0.73 (0.18–2.64) 0.633

POPF, postoperative pancreatic fistula; OR, odds ratio; CI, confidence interval; ref, reference; BMI, body mass index; MIS, minimally invasive surgery; MPD, 
main pancreatic duct; PT/MPD ratio, the ratio of pancreatic thickness/main pancreatic duct diameter; WHO, world health organization; EBL, estimated 
blood loss.
a)Cut-off value of PT/MPD ratio was calculated using Receiver Operating Characteristic curve analysis on POPF.
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complications than those who underwent enucleation alone. 
In addition, patients who underwent TP tended to have a lower 
CCI than those who underwent PD or CP. This might be relat-
ed to the occurrence of POPF following reconstruction of the 
remnant pancreas.

In the context of PNETs, which generally have a favorable 
prognosis, predicting the risk of POPF is of significant clini-
cal importance. PNETs have previously been shown to have a 
higher tendency for POPF than other types of cancers [12-14]. 
In our study, the rate of POPF was 53.0% (88/166) and that of 
CR-POPF was 7.8% (13/166). Postoperative incidence of CR-
POPF in patients with NF-PNET who underwent surgery in 
this study was comparable to results reported by other institu-
tions in South Korea (12/94, 12.8% [27]; right-side NF-PNETs: 
9.7%, left-side NF-PNETs: 6.5% [28]; 31/404, 7.7% [29]). A pre-
vious study from the American College of Surgeons National 
Surgical Quality Improvement Program database (NSQIP) 
reported a POPF rate of 24.8% and a CR-POPF rate of 10% [12]. 
A single-center retrospective study in the Netherlands reported 
a CR-POPF rate of 22.7% [14]. In our study, the median diame-
ter of the MPD was 2 mm, with > 90% of patients having a soft 
pancreatic texture. Additionally, 80.72% (134/166) of patients 
with PNETs in our study had known independent high-risk 
factors for POPF: a soft pancreatic texture and an MPD diame-
ter ≤ 3 mm. Previous research from the NSQIP focusing solely 
on patients with PNETs has identified MPD diameter, pancre-
atic texture, male sex, and PD as risk factors for POPF [12]. Our 
study also found that MPD diameter and PD were risk factors 
for POPF after excluding patients who underwent TP, consis-
tent with previous findings. Therefore, special attention should 
be paid to POPF when performing PD in patients with PNETs.

In patients undergoing PD, both PT/MPD ratio and diameter 
of the MPD were found to be significant predictors of POPF 
risk. PT/MPD ratio derived from preoperative CT scans has 
been established as a valuable clinical tool for assessing POPF 
risk. It has been consistently validated in prior studies follow-
ing PD [30,31]. By anticipating the resection plane preopera-
tively and assessing PT and MPD diameter at that plane on CT 
scans, surgeons can effectively evaluate the risk of POPF. No-
tably, our study identified a specific cut-off value of PT/MPD 
(4.77) from the ROC curve, aiding surgeons in preoperative 
risk assessment for POPF.

When analyzing the 83 patients who underwent DP, previ-
ously known risk factors did not show statistically significant 
differences. This might be due to an insufficient number of 
patients. However, this could also be attributed to homogeneity 
of patients with PNET compared to other pathologies of the 
pancreas, suggesting that existing POPF risk-scoring models 
might not be directly applicable [19,32,33]. Further multicenter 
studies focusing specifically on NET patients are warranted to 
develop a more accurate POPF risk model.

Our study has several important limitations. First, as a sin-
gle-center study, the relatively small number of patients limited 

the validity of creating a robust risk model or logistic regres-
sion analysis for serious complications or POPF. Additionally, 
over a relatively long study period (2000–2023), changes in 
surgical techniques and indications might not have been fully 
accounted for in this study. Second, while biochemical leaks 
are clinically insignificant and not typically considered POPF, 
our small sample size limited the evaluation of CR-POPF risk 
as indicated in Supplementary Table 1–3. Therefore, indicators 
showing significant associations with the risk of all POPF, in-
cluding biochemical leaks, in this study might not be strongly 
linked to actual clinical outcomes. To address this limitation, 
future multicenter studies with a larger patient population are 
needed to develop a POPF risk prediction model that is clini-
cally meaningful and applicable. Finally, although many stud-
ies have investigated risk factors for POPF, another significant 
limitation of our study was the inability to incorporate all these 
variables into our analysis.

In conclusion, this study revealed that in patients with NETs 
undergoing surgery, the rate of severe complications did not 
differ significantly between older adults and comorbid patients. 
It also revealed that a higher rate of POPF in patients with 
PNETs might be attributable to factors such as small pancreatic 
ducts and soft texture. Notably, for patients undergoing PD, 
pancreatic duct thickness and its ratio to pancreatic thickness 
measured using preoperative CT were key predictors of surgi-
cal outcomes. These insights are crucial for evaluating surgical 
risks in the treatment of NF-PNET.
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