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Abstract

Background: The adoption of spleen-preserving distal pancreatectomy (SPDP) for malignant 

disease such as pancreatic neuroendocrine tumors (pNETs) has been controversial. The objective 

of the current study was to assess the impact of SPDP on outcomes of patients with pNETs.
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Methods: Patients undergoing a distal pancreatectomy for pNET between 2002 and 2016 were 

identified in the US Neuroendocrine Tumor Study Group database. Propensity score matching 

(PSM) was used to compare short- and long-term outcomes of patients undergoing SPDP versus 

distal pancreatectomy with splenectomy (DPS).

Results: Among 621 patients, 103 patients (16.6%) underwent an SPDP. Patients who underwent 

SPDP were more likely to have lower BMI (median, 27.5 [IQR 24.0–31.2] vs. 28.7 [IQR 25.7–

33.6]; p = 0.005) and have undergone minimally invasive surgery (n = 56, 54.4% vs. n = 185, 

35.7%; p < 0.001). After PSM, while the median total number of lymph nodes examined among 

patients who underwent an SPDP was lower compared with DPS (3 [IQR 1–8] vs. 9 [5–13]; p 
< 0.001), 5-year overall survival (OS) and recurrence-free survival (RFS) were comparable (OS: 

96.8 vs. 92.0%, log-rank p = 0.21, RFS: 91.1 vs. 84.7%, log-rank p = 0.93). In addition, patients 

undergoing SPDP had less intraoperative blood loss (median, 100 mL [IQR 10–250] vs. 150 mL 

[IQR 100–400]; p = 0.001), lower incidence of serious complications (n = 13, 12.8% vs. n = 28, 

27.5%; p = 0.014), and shorter length of stay (median: 5 days [IQR 4–7] vs. 6 days [IQR 5–13]; p 
= 0.049) compared with patients undergoing DPS.

Conclusion: SPDP for pNET was associated with acceptable perioperative and long-term 

outcomes that were comparable to DPS. SPDP should be considered for patients with pNET.
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Introduction

Although pancreatic neuroendocrine tumors (pNETs) are rare neoplasms of the 

gastrointestinal tract, the incidence of pNETs has been increasing over the last 3 decades 

[1]. In fact, the incidence of pNET currently is now roughly 0.48 per 100,000 persons [2]. 

While several non-surgical modalities such as systemic chemotherapy, somatostatin analogs, 

and liver-directed therapies have been employed for patients with advanced disease [3–8], 

resection remains the mainstay treatment for patients with resectable pNETs. Specifically, 

among patients with a body or tail lesion, distal pancreatectomy (DP) is the surgical 

procedure of choice performed either in an open or, more commonly, via a minimally 

invasive approach. In spite of improvements in surgical techniques, the incidence of overall 

morbidity and postoperative pancreatic fistula after DP for pNETs can be as high as 70 and 

39%, respectively [9–12]. In turn, there has been interest in approaches to mitigate the risk 

of postoperative morbidity.

Spleen-preserving DP (SPDP) was first proposed by Mallet-Guy and Vachon in 1943 

as a means to reduce the risk of post-splenectomy sepsis [13]. Shoup and colleagues 

[14] reported that SPDP was associated with a reduction in perioperative infectious 

complications, severe complications, and length of hospital stay compared with conventional 

DP. While SPDP may be appropriate for patients with benign or low-grade malignant 

disease, conventional DP with splenectomy (DPS) is recommended for patients with 

pancreatic adenocarcinoma to ensure an adequate oncologic operation [15]. The adoption 

of SPDP for diseases such as pNETs has, however, been a topic of particular controversy. 
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While the European Neuroendocrine Tumor Society (ENETS) has noted that atypical 

resections are acceptable in the management of non-functional, well-demarcated, small 

pNETs, the general role of SPDP for a broader range of pNETs has not been defined [16]. 

Previous data on SPDP included a variety of tumors – not only pNETs [14], and therefore 

there remains a lack of evidence. In particular, the role of organ-preserving surgery such 

as SPDP from an oncological aspect among patients with pNETs has not been studied. As 

such, the objective of the current study was to define the impact of SPDP on long-term 

survival of patients with pNETs using a large multi-institutional database. In addition, we 

sought to examine whether the total number of lymph nodes examined (TNLE) varied 

among patients with SPDP versus DPS after controlling for other clinical and perioperative 

factors.

Methods

Study Population and Data Collection from the US-NETSG Database

Patients undergoing DP for pNET between 2002 and 2016 were identified in the US 

Neuroendocrine Tumor Study Group (US-NETSG) database that included data from 8 

tertiary institutions (The Ohio State University Comprehensive Cancer Center, Columbus, 

OH; University of Michigan, Ann Arbor, MI; Stanford University, Palo Alto, CA; Virginia 

Mason Medical Center, Seattle, WA; Winship Cancer Institute, Emory University, Atlanta, 

GA; Washington University, School of Medicine, St. Louis, MO; University of Wisconsin, 

School of Medicine and Public Health, Madison, WI; Vanderbilt University, Nashville, TN, 

USA). All patients included in the study had a histologically proven pNET and underwent 

a curative intent DP. Patients with metastatic disease at presentation, as well as individuals 

who had missing follow-up data, macroscopically positive surgical margins (R2 resection), 

and underwent an enucleation were excluded from the analysis. The study was approved by 

the Institutional Review Board of all participating institutions.

Patient demographic and clinicopathologic data were recorded in a prospectively maintained 

database. Patient demographic and clinicopathologic data included age, sex, race, body mass 

index (BMI), ASA (American Society of Anesthesiologists) classification, comorbidities, 

symptomatic status, functional status, surgical approach, tumor size and number, tumor 

location, number of lymph nodes (LNs) examined, LN metastasis (LNM), tumor grade, 

lymph-vascular and perineural invasion. Tumor location, body or tail, was defined according 

to the AJCC 8th guidelines [17]. Specifically, tumors of the body of the pancreas were 

defined as those arising between the left edge of the superior mesenteric-portal vein 

confluence and the left edge of the aorta. In contrast, tumors of the tail of the pancreas 

were those arising to the left of the left edge of the aorta. Functional tumors were defined 

as lesions with hormone overproduction (i.e., insulinoma, gastrinoma, somatostatinoma, and 

VIPoma) [18].

Statistical Analysis

Descriptive statistics were presented as median (interquartile range [IQR]) and frequency 

(%) for continuous and categorical variables, respectively. Continuous variables were 

compared with the Mann-Whitney U or Kruskal-Wallis tests, as appropriate. Categorical 
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variables were compared with the χ2 test or Fisher’s exact test, as appropriate. All the 

analyses were performed with multivariate normal imputation method for missing data 

[19]. To overcome selection bias, a 1:1 nearest neighbor propensity score matching (PSM) 

was performed to compare outcomes among patients undergoing DP with and without 

splenectomy based on age, sex race, BMI, ASA classification, comorbidity, surgical 

approach, and adjuvant therapy, as well as tumor behaviors such as symptomatic status, 

functional status, tumor location, tumor size, tumor differentiation, Ki-67, and lympho-

vascular and perineural invasion. Statistical significance was assessed at α = 0.05 (two-

tailed). Logistic regression model was performed to identify independent factors that 

predicted use of SPDP. Cox regression model was used to identify independent predictors 

of recurrence-free survival (RFS). Variables used in the multivariable analysis were selected 

from a number of possible perioperative predictors based on a stepwise selection method 

(forward selection method using the lowest Bayesian information criterion). A sensitivity 

analysis was also performed only with complete cases. Overall survival (OS) and RFS 

were calculated by creating Kaplan-Meier curves and differences were evaluated using the 

log-rank test. OS was defined as the time interval from the date of surgery to the date of 

death, whereas RFS was defined as time from the date of surgery to tumor recurrence. All 

statistical analyses were performed using SPSS, version 25 (IBM Corp., Armonk, NY, USA) 

along with JMP statistical package version 14 (SAS Institute Inc., Cary, NC, USA).

Results

Patient Characteristics with and without Splenectomy

Among 621 patients who met the inclusion criteria and were included in the final analytic 

cohort, 103 patients (16.6%) underwent an SPDP; the Warshaw method was exclusively 

utilized for SPDP. Overall, the proportion of patients who underwent an SPDP did not 

increase over time (p = 0.62) (online suppl. Fig. 1; for all online suppl. material, see 

www.karger.com/doi/10.1159/000506399). In particular, the proportion of patients with 

SPDP was 14.6% during the period 2002–2006 versus 14.8% during 2012–2016. The 

frequency of SPDP utilization varied from 9.1 to 28.8% across the participating hospitals 

(p = 0.006). Among patients undergoing an SPDP, median age was 58 (IQR 48–66) and 

most patients were male (n = 55, 53.4%) and white (n = 89, 86.4%); roughly one-half of 

patients had ASA of 3–4 (n = 51, 49.5%). Patients who underwent an SPDP were more 

likely to have a lower BMI (median, 27.5 [IQR 24.0–31.2] vs. 28.7 [IQR 25.7–33.6]; p = 

0.005), undergone a minimally invasive approach (n = 56, 54.4% vs. n = 185, 35.7%; p < 

0.001), have a smaller tumor size (median, 1.6 [IQR 1.1–2.3] vs. 2.4 [IQR 1.5–4.5]; p < 

0.001), and have tumors with Ki-67 <3% (n = 75, 72.8% vs. n = 311, 60.0%; p = 0.019). In 

contrast, lymph-vascular invasion (n = 12, 11.7% vs. n = 162, 31.3%; p < 0.001) was more 

common among patients who underwent DPS (Table 1). Additionally, among 83 patients 

with a functional tumor, 52 patients (62.7%) were diagnosed with insulinoma, while the 

remaining patients had other functional tumors (n = 31, 37.3%). In multivariable logistic 

regression analysis, tumor size ≤2 cm (odds ratio [OR] 2.85; 95% confidence interval [CI], 

1.78–4.54), minimally invasive approach (OR 1.94; 95% CI, 1.24–3.03), and lower BMI 

(OR 1.06; 95% CI, 1.02–1.10) were each associated with a higher likelihood of SPDP.
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Comparison of Long-Term Outcomes with and without Splenectomy after PSM

To minimize potential confounding, PSM was utilized to create two matched cohorts of 

102 patients. Following PSM, the patient cohorts were similar in regards to demographics, 

tumor characteristics, and pathological findings (Table 1). With a median follow-up of 35.7 

months (IQR 11.6–67.5), 5-year OS and RFS after DP for pNET were 94.3 and 87.9%, 

respectively. In assessing the PSM cohort, there was no difference in OS among patients 

relative to the performance of splenectomy at the time of surgery (5-year OS, SPDP: 96.8% 

vs. DPS: 92.0%, log-rank p = 0.21) (Fig. 1a). RFS was also comparable among patients 

who did versus did not undergo splenectomy (5-year OS, SPDP: 91.1% vs. DPS: 84.7%, 

log-rank p = 0.93) (Fig. 1b). Specifically, 10 patients (9.9%) who underwent an SPDP 

experienced a recurrence versus 9 patients (8.9%) after DPS (p = 1.0); the incidence of local 

recurrence was also comparable (n = 4, 40.0% vs. n = 4, 44.4%; p = 0.84). Of note, no 

patient experienced a local recurrence in the splenic hilum after SPDP.

Clinicopathological Factors Associated with Poor RFS

In analyzing RFS, several factors were associated with worse RFS on bivariate analyses 

(Table 2). Specifically, symptomatic tumor (hazard ratio [HR], 1.83; 95% CI, 1.21–2.77), 

tumor size >2 cm (HR, 4.61; 95% CI, 2.73–7.79), Ki-67 >3% (HR, 3.77; 95% CI, 2.46–

5.80), LNM (HR, 3.19; 95% CI, 2.13–4.79), R1 margin status (HR, 1.86; 95% CI, 1.14–

3.02), and lymph-vascular invasion (HR, 4.27; 95% CI, 2.83–6.45) were each associated 

with a worse RFS. On multivariable Cox regression analysis, tumor size >2 cm (HR, 2.64; 

95% CI, 1.50–4.67) and Ki-67 >3% (HR, 1.93; 95% CI, 1.18–3.14) were associated with 

a higher hazard of recurrence among preoperatively measurable variables. In addition to 

multiple imputation, to account for possible differences due to missing data, sensitivity 

analyses were also performed only with complete cases. On multivariate Cox regression 

analysis that only included complete cases, tumor size >2 cm, Ki-67 >3%, and lymph-

vascular invasion remained associated with a higher chance of recurrence (online suppl. 

Table 1).

Among the 204 patients included in the PSM cohort, 121 patients (59.3%) had neither of 

these risk factors, while 83 patients (40.7%) had at least one risk factor. There was no 

difference in RFS whether patients did or did not undergo splenectomy among those patients 

without a risk factor (5-year RFS, SPDP: 98.2% vs. DPS: 93.2%, log-rank p = 0.58) (Fig. 

2a). Similarly, among patients with tumor size >2 cm or Ki-67 >3%, RFS was comparable 

among patients who underwent SPDP versus DPS (5-year RFS, SPDP: 100.0% vs. DPS: 

81.0%, log-rank p = 0.34). In addition, splenectomy did not impact RFS among patients with 

both tumor size >2 cm and Ki-67 >3% (5-year RFS, SPDP: 62.2% vs. DPS: 60.0%, log-rank 

p = 0.93) (Fig. 2b, c).

Comparison of Short-Term Outcomes with and without Splenectomy after PSM

After PSM, median TNLE among patients who underwent an SPDP was lower compared 

with DPS (3 [IQR 1–8] vs. 9 [5–13]; p < 0.001) (Table 3). When stratified by surgical 

approach and splenectomy, median number of LNs examined was highest among patients 

undergoing a minimally invasive DPS (9 [IQR 2–13]) followed by open DPS (8 [IQR 

3–12]), whereas the median number of LNs examined was equivalent among patients 
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undergoing an SPDP (minimally invasive: 3 [IQR 1–7] vs. open: 3 [IQR 1–9]; p = 0.66) 

(Fig. 3).

Patients undergoing an SPDP also had less intraoperative blood loss (median, 100 mL [IQR 

10–250] vs. 150 mL [IQR 100–400]; p = 0.001) and a lower incidence of any complications 

(n = 46, 45.1% vs. n = 64, 62.8%; p = 0.017), serious complications (n = 13, 12.8% vs. n = 

28, 27.5%; p = 0.014), as well as deep surgical site infection (n = 1, 1.0% vs. n = 9, 8.8%; 

p = 0.019) (Table 3). In addition, median length of stay (LOS) was shorter among patients 

who underwent SPDP (5 days [IQR 4–7] vs. 6 days [IQR 4–8]; p = 0.049). The proportion 

of patients with an R1 resection was similar regardless of splenectomy (n = 11, 10.8% vs. n 
= 10, 10.0%; p = 0.86). Among patients undergoing a DPS, no post-splenectomy sepsis was 

observed during the follow-up period.

Discussion

DP can be performed with splenectomy or with splenic preservation. Several studies have 

suggested the feasibility and potential benefit of splenic preservation during DP including 

the preservation of immune function and reduction of the risk of overwhelming post-

splenectomy infection, intraoperative blood loss, infections, and other complications related 

to the splenectomy procedure itself [14, 20, 21]. A splenic preserving technique has not 

been endorsed for pancreatic adenocarcinoma to avoid an inadequate oncologic operation 

[15]. In contrast, the adoption of SPDP for premalignant and small malignant tumors 

remains controversial. Specifically, a systematic review by Jain et al. [11] noted the use 

of SPDP for pNET varied considerably, ranging from 9 to 16%. Most previous studies have 

only investigated the association of SPDP with perioperative outcomes (e.g., intraoperative 

blood loss, postoperative pancreatic fistula, and LOS), yet have failed to examine oncologic 

outcomes such as TNLE or recurrence. As such, the current study was important because we 

specifically evaluated the effect of SPDP on oncologic metrics, including long-term survival, 

using a large multi-institutional database consisting exclusively of patients with pNET. 

Interestingly, 1 in 6 patients (16.6%) who underwent DP had a splenic preservation, with the 

proportion of patients undergoing SPDP did not change over time. Of note, although median 

TNLE was lower among patients who underwent an SPDP (3 [IQR 1–8] vs. 9 [5–13]; p < 

0.001), OS and RFS were similar regardless of splenic preservation (log-rank p > 0.05). In 

addition, SPDP was associated with comparable RFS and DFS even among patients who 

had tumors with more aggressive features such as tumor size >2 cm and Ki-67 >3%. In 

contrast, SPDP was associated with less operative blood loss, as well as a lower incidence of 

postoperative morbidity including any or serious complications and a shorter LOS.

While organ-preserving surgical procedures may be associated with better perioperative 

outcomes, the impact on oncologic outcomes such as R0 margin status, as well as RFS 

has not been examined. In a study investigating patients with gastric cancer, Harrison et 

al. [22] reported that proximal versus total gastrectomy did not affect long-term survival. 

Other studies have noted that patients with pNET who were treated with organ/parenchymal 

preserving procedures such as enucleation had a similar long-term survival compared with 

patients who underwent conventional pancreatectomy for pNET [23, 24]. The impact of 

SPDP relative to oncologic outcomes among patients with pNET has, however, not been 
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previously examined. As such, to the best of our knowledge, the current study is the first to 

evaluate the effect of SPDP on oncologic and long-term outcomes of patients with pNET. 

After PSM to mitigate possible confounding, patients who underwent SPDP versus DPS had 

a comparable likelihood of an R0 resection (10.8 vs. 10.0%), yet TNLE was lower among 

patients who had an SPDP versus DPS (3 vs. 9). Interestingly, in a single center series 

reported by Parekh et al. [25], the investigators noted that patients who underwent DP with 

or without splenectomy had a comparable median TNLE (median: 4; range, 0–17 and 0–7, 

respectively). The reason for the disparate results is undoubtedly multifactorial, yet may be 

related to the unexpectedly low TNLE among patients who underwent DPS in the Parekh 

et al. report [25]. Of note, in the study by Parekh et al. [25], the proportion of patients who 

had at least one LN examined did, however, differ (DPS: 79.6% vs. SPDP: 54.5%). The 

TNLE may be important to stage patients adequately. Our group previously reported that a 

TNLE of at least 8 LN was necessary in order to adequately assess the nodal basin and avoid 

“missing” LNM [26]. As with other pancreatic and gastrointestinal tumors, the odds of LNM 

likely depends not only on TNLE but also tumor size and tumor grade/Ki-67 index [27–29]. 

That said, the data suggest that SPDP may be associated with a lower TNLE and, perhaps, 

not as comprehensive a nodal assessment of the regional nodal basin as DPS.

Both RFS and OS were comparable among patients with pNET independent of surgical 

approach. Specifically, patients who underwent SPDP had a similar long-term prognosis 

and a comparable very low incidence of local or distant recurrence versus patients who 

had DPS. Specifically, 5-year OS was very favorable regardless of the performance of 

splenectomy (SPDP: 96.8% vs. DPS: 92.0%), suggesting that surgical approach did not 

impact long-term outcomes of patients with pNET. The indolent nature of the disease 

was reflected in an excellent 5-year RFS regardless of splenic preservation (SPDP: 91.1% 

vs. DPS: 84.7%). Interestingly, the comparable long-term outcomes were attained despite 

differences in TNLE among patients undergoing SPDP versus DPS. While LN involvement 

has been demonstrated to be prognostic in some studies [26, 29, 30], other data have 

suggested that TNLE and LNM may not be as prognostically important among patients 

with pNET that have other favorable features such as ≤2 cm, Ki-67 <3% [31]. To this 

point, Mao et al. [32] reported that lymphadenectomy had no additional therapeutic benefit 

among patients undergoing resection for pNETs of the pancreatic body or tail. In addition, 

similar to the current study, Shoup et al. [14] had reported comparable OS among patients 

with pNET undergoing splenectomy versus splenic preservation after adjustment for tumor 

characteristics. Of note, in the current study, the comparable long-term outcomes for splenic 

preservation persisted even among patients with pNET >2 cm and Ki-67 >3%. As such, 

SPDP can be considered to have comparable RFS and OS outcomes as DPS for patients 

with pNET and, in turn, splenic preservation should be considered when technically feasible 

without a concern for adverse oncologic outcomes.

SPDP is perhaps not utilized as much because surgeons may consider the approach more 

difficult and time-consuming than conventional DP due to the additional dissection to the 

left of the pancreas to preserve the splenic vessels [33]. In fact, some surgeons have argued 

that SPDP is a more tedious procedure with a greater chance of adjacent vascular/organ 

injury [34, 35]. Data from the current study suggested, however, that SPDP was, in fact, 

safe – as SPDP was associated with less operative blood loss compared with DPS even 
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after PSM. In addition, patients who underwent SPDP generally had improved postoperative 

outcomes such as a lower incidence of postoperative serious complications, deep surgical 

site infection, as well as shorter LOS. These findings were consistent with data in a meta-

analysis reported by Pendola and colleagues [21], which included a wide range of pancreatic 

tumors. In this study, SPDP was associated with less operative blood loss, as well as a lower 

incidence of fluid collection/abscess and postoperative splenic and portal vein thrombosis 

[21]. Taken together, the data would strongly suggest that splenic preservation as part of 

DP for pNETs was not only feasible, but also associated with comparable or even better 

perioperative outcomes.

The current study had several limitations that should be considered when interpreting the 

results. Similar to other studies, while PSM reduced bias secondary to confounding, PSM 

cannot fully adjust for all potential differences in SPDP versus DPS groups. In addition, 

while the multi-center collaboration improved sample size and generalizability of the results, 

potential inconsistencies in patient selection, pathologic assessment, use of non-surgical 

therapies, as well as postoperative surveillance may have existed. Although the present study 

demonstrated acceptable perioperative and long-term outcomes among patients undergoing 

SPDP for pNETs, there might be pNET patients where SPDP may not be appropriate. 

Specifically, SPDP should not be considered for patients with tumors invading the splenic 

vessels or tumors with suspicious LNs in the splenic hilum. In addition, SPDP may not 

be recommended for patients with large tumors in the tip of the pancreatic tail since this 

approach may increase the likelihood of positive resection margins. Finally, given that only 

the Warshaw method was utilized at the centers comprising the US Neuroendocrine Study 

Group, it was not feasible to assess the impact of splenic vessel preservation (i.e., Kimura 

method) on long-term outcomes [36, 37]. Future studies should compare the outcomes of 

patients undergoing SPDP with or without splenic vessel preservation (i.e., Kimura vs. 

Warshaw methods).

In conclusion, splenic preservation for pNET was relatively uncommon even at major 

tertiary hepatopancreatic centers as only 1 in 6 patients underwent SPDP. SPDP was more 

common among patients with pNET ≤2 cm, as well as among patients with a lower BMI. 

On PSM, while TNLE was lower among patients who had SPDP, other oncologic outcomes 

such as RFS and OS were comparable among patients who underwent SPDP versus DPS. 

SPDP was demonstrated to be feasible and safe, as patients who underwent SPDP had lower 

intraoperative blood loss and a lower incidence of postoperative complications compared 

with patients who had DPS. These data support consideration of SPDP for patients with 

pNET as this organ-preserving approach had similar perioperative and long-term outcomes 

compared with pancreatectomy associated with spleen removal.
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Fig. 1. 
Propensity score-matched overall (a) and recurrence-free survival (b) after distal 

pancreatectomy with and without splenectomy.
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Fig. 2. 
Propensity score matched recurrence-free survival after distal pancreatectomy with and 

without splenectomy stratified by number of risk factors for recurrence.
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Fig. 3. 
Total number of lymph nodes (LN) examined stratified by surgical approach and 

splenectomy in the propensity score-matched cohort. Median values displayed, as well as 

individual patient numbers. MI, minimally invasive.
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Table 2.

Cox regression analysis of factors associated with recurrence-free survival after distal pancreatectomy for 

pNET in the entire cohort (n = 621)

Variable Bivariate Multivariable

HR (95% CI) p HR (95% CI) p

Age >65 years 1.10 (0.68–1.78) 0.69

Sex 0.91

 Female Ref.

 Male 1.02 (0.68–1.53)

Race 0.16

 Non-white Ref.

 White 1.59 (0.83–3.07)

Symptomatic 0.004

 No Ref.

 Yes 1.83 (1.21–2.77)

Primary location 0.85

 Body Ref.

 Tail 1.04 (0.67–1.63)

Tumor size <0.001 <0.001

 ≤2 cm Ref. Ref.

 >2 cm 4.61 (2.73–7.79) 2.64 (1.50–4.67)

Multiple tumors 0.86 (0.45–1.66) 0.65

Tumor differentiation 0.13

 Well Ref.

 Moderate to poor 1.57 (0.88–2.83)

Ki-67 <0.001 0.008

 <3% Ref. Ref.

 ≥3% 3.77 (2.46–5.80) 1.93 (1.18–3.14)

LNM 3.19 (2.13–4.79) <0.001

Margin status 0.012

 R0 Ref.

 R1 1.86 (1.14–3.02)

Lymph-vascular invasion 4.27 (2.83–6.45) <0.001 2.23 (1.39–3.57) <0.001

Perineural invasion 1.55 (0.94–2.57) 0.087

Bold values indicate preoperatively measurable variables through imaging or biopsy. HR, hazard ratio; LNM, lymph node metastasis.
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Table 3.

Comparison of operative factors and short-term outcomes among patients undergoing distal pancreatectomy 

with and without splenectomy after propensity score matching

Variable SPDP (n = 102) DPS (n = 102) p

Operative factors

 Operative time, min* 210 (181–249) 214 (179–282) 0.51

 Blood loss, mL* 100 (10–250) 150 (100–400) 0.001

 Blood transfusion, U 0 5 (4.9%) 0.059

Complication

 Any complications 46 (45.1%) 64 (62.8%) 0.017

 Serious complications 13 (12.8%) 28 (27.5%) 0.014

 Pulmonary embolism 2 (2.0%) 3 (2.9%) 1.00

 Pneumonia 1 (1.0%) 8 (7.8%) 0.035

 UTI 1 (1.0%) 3 (2.9%) 0.62

 DVT 1 (1.0%) 3 (2.9%) 0.62

 Superficial SSI 3 (2.9%) 8 (7.8%) 0.21

 Deep SSI 1 (1.0%) 9 (8.8%) 0.019

 Organ space SSI 7 (7.2%) 13 (13.4%) 0.24

 Wound dehiscence 0 5 (4.9%) 0.059

 Postoperative bleeding 0 5 (4.9%) 0.059

 Pancreatic fistula 23 (22.6%) 30 (29.4%) 0.34

 Pancreatic fistula ≥ grade BC 10 (9.8%) 13 (12.8%) 0.66

 Sepsis 1 (1.0%) 3 (3.1%) 0.62

Return to OR 0 1 (1.0%) 1.00

Mortality 0 1 (1.0%) 1.00

LOS* 5 (4–7) 6 (4–8) 0.049

Readmission 16 (15.7%) 24 (23.5%) 0.22

Number of LNs examined* 3 (1–8) 9 (5–13) <0.001

Patients with LN metastasis 9 (8.8%) 5 (4.9%) 0.41

Number of LN metastasis 0 (0–0) 0 (0–0) 0.28

R1 margin status 11 (10.8%) 10 (10.0%) 0.86

*
Median (IQR). SPDP, spleen-preserving distal pancreatectomy; DPS, distal pancreatectomy with splenectomy; UTI, urinary tract infection; DVT, 

deep vein thrombosis; SSI: surgical site infection; LN, lymph node; OR, operating room; LOS, length of hospital stay.
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