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Abstract
[bookmark: OLE_LINK4134][bookmark: OLE_LINK4135][bookmark: OLE_LINK4144][bookmark: OLE_LINK4145]Solid pseudopapillary neoplasms (SPNs) of the pancreas are rare, low-grade, malignant neoplasms that are mostly seen in young women in the second and third decades of life and are quite uncommon in children. Standard resection for benign and borderline neoplasms of the pancreas is associated with a substantial risk of postoperative morbidity and long-term functional impairment, whereas enucleation leads to less morbidity and preserves healthy parenchyma as well as exocrine and endocrine function. Enucleation of SPNs has been increasingly reported to be feasible and safe for preserving the normal physiological function of the pancreas, especially in teenagers and children. This review summarizes findings published in recent years on the enucleation of SPNs as well as potential future developments and directions. Enucleation has undoubtedly come to stay as an alternative surgical procedure for SPNs. However, many questions remain unresolved, and future directions toward the best surgical indication, the prevention and intervention of complications, especially pancreatic fistula, intraoperative resection margin safety assessment, and long-term oncology prognosis remain to be evaluated and should be explored in future clinical trials.

Key Words: Solid pseudopapillary neoplasm; Enucleation; Pancreatic tumor; Distal pancreatectomy; Pancreaticoduodenectomy

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved. 

Citation: Wang R, Li J, Tan CL, Liu XB, Chen YH. Prospects and applications of enucleation in solid pseudopapillary neoplasms of the pancreas. World J Gastrointest Oncol 2022; 14(7): 1227-1238
URL: https://www.wjgnet.com/1948-5204/full/v14/i7/1227.htm
DOI: https://dx.doi.org/10.4251/wjgo.v14.i7.1227

[bookmark: OLE_LINK4331][bookmark: OLE_LINK4332]Core Tip: Enucleation of solid pseudopapillary neoplasms (SPNs) has been increasingly reported to be feasible and safe for preserving pancreatic function, especially in teenagers and children. This review summarizes findings published in recent years on the enucleation of SPNs as well as potential future developments and directions. Enucleation has undoubtedly come to stay as an alternative surgical procedure for SPNs. However, many questions remain unresolved, and future directions toward the best surgical indication, the prevention and intervention of complications, especially pancreatic fistula, intraoperative resection margin safety assessment, and long-term oncology prognosis remain to be evaluated.


INTRODUCTION
Solid pseudopapillary neoplasms (SPNs) of the pancreas account for approximately 1%-3% of all pancreatic neoplasms[1,2]. To date, surgery remains the only curative treatment for SPN patients[3-5]. Conventional pancreatectomy, such as pancreaticoduodenectomy and distal pancreatectomy, as the mainstream surgical options, has achieved good results and prognoses.
In recent years, enucleation, as an organ-sparing surgical method, has been increasingly widely used in the treatment of some benign and low-grade malignant tumors, including SPNs[1,4,6,7]. Compared to conventional pancreatectomy, enucleation can preserve the physiological function of the pancreas to the maximum extent while treating tumors, lengthen the life of patients, and improve their quality of life[1,7].
Enucleation has undoubtedly come to stay as an alternative surgical procedure for SPNs. However, to improve and widen the application of enucleation in SPNs, some problems must be solved in the future. This review article summarizes findings published in recent years on the enucleation of SPNs as well as potential future developments and directions.

FEASIBILITY AND ADVANTAGES OF ENUCLEATION APPLICATION IN SPNS
The low-grade malignancy of SPNs has been widely accepted, and reports of SPNs have become more extensive and in depth in recent years. To date, surgical treatment of SPNs, which has a 5-year survival rate of more than 95%, is still the only treatment that can achieve curative effects[2,3,8]. All patients who are eligible for surgical treatment should be encouraged to undergo relevant management, as surgery is indicated even if R1 resection is performed[8,9]. Surgery, if possible, is also a good option for patients with local progression and metastasis at the time of diagnosis, and distant metastasis is not an absolute contraindication to surgical treatment[3,9-12]. The specific surgical method is determined by the location, size, intraoperative pathology, and surrounding tissue invasion and distant metastasis of the tumor.
Clinical manifestations associated with SPNs are often nonspecific[5]. The most common symptom is abdominal pain[13]. For instance, patients with SPNs at the head of the pancreas do not experience obstructive jaundice and pancreatitis like those with other malignant pancreatic tumors[3]. In addition, some patients have no symptoms and are first discovered accidentally by epigastric imaging[4,10]. On the one hand, the awareness of the public about health management has gradually improved, and the state and individuals are paying increasing attention to timely physical examinations. On the other hand, with the expansion and improvement of imaging techniques worldwide, there has been an increase in the incidence of SPNs, and tumors are being increasingly detected at an early stage in asymptomatic patients. The earlier the tumor is detected, the smaller the tumor is likely to be, the more opportunities there are for surgical treatment, the more surgical options that are available, and the better the outcome.
In recent decades, the concepts of minimally invasive surgery and enhanced recovery after surgery have had a great influence on the surgical treatment of relevant diseases. In addition, technological innovation and research achievements provide support for and guarantee for the development of surgical strategies toward more minimally invasive and accurate directions. In the stage of rapid development of medicine, people pursue not only survival but also quality of life. For younger patients, especially pediatric patients, it is extremely critical to be able to treat the tumor and preserve normal function to the greatest extent to improve postoperative quality of life.
In fact, conventional pancreatectomy achieves the primary goal of negative margins while extensively removing the normal pancreatic parenchyma. Extensive excision of normal pancreatic tissue at the same time as tumor excision increases the risk of postoperative endocrine and exocrine pancreatic insufficiency[6]. Falconi et al[14] showed that the incidences of endocrine insufficiency in pancreatic parenchymal-preserving resection, distal pancreatectomy, and pancreaticoduodenectomy were 3%, 14%, and 18%, respectively. For wide surgical resection-induced pancreatic dysfunction, the lifetime psychological and physical effects of replacement therapy are enormous and unacceptable.
Compared with conventional surgical methods, enucleation removes the tumor while preserving as much of the normal pancreatic parenchyma as possible, which is closely related to the postoperative quality of life of patients, especially young patients. Importantly, according to recent studies[1,7,15], compared with conventional surgical methods, enucleation does not increase the risk of tumor recurrence or metastasis in SPN patients. Previous studies[1,2,7], including one of our studies, have reported the safety and efficacy of enucleation as an organ preservation method in the surgical management of SPNs, and it has some advantages over conventional pancreatectomy in some cases (Figure 1). Even if the tumor is located in the head of the pancreas, enucleation is safe and can ensure adequate margins[4,7,16]. Our previous study revealed that enucleation had a shorter duration of surgery, less blood loss, lower rate of exocrine insufficiency, and comparable morbidity compared with conventional pancreatectomy[7]. Compared with conventional pancreatectomy, enucleation does not require digestive tract reconstruction, reducing surgical complexity and the risk of associated postoperative complications.
In summary, enucleation, as a safe and effective surgical procedure, should be more widely used in appropriate patients. An increasing number of studies have reported that enucleation can be achieved successfully by laparotomy, laparoscopy, or even robotic techniques (Table 1).

PRECAUTIONS OF AND RELEVANT SUGGESTIONS FOR ENUCLEATION APPLICATION IN SPNS
For pediatric patients
There are differences in some clinical characteristics between children and adults, such as sex composition, mean diameter of the tumor, and common tumor sites[17]. Cho et al[1] showed that compared with conventional surgery in children, enucleation is safe and effective and reported some indications for enucleation. In that study, enucleation had a similar rate of morbidity and mortality as conventional pancreatectomy, prevented tumor recurrence, and reduced the incidence of postoperative pancreatic fistula. Even in pediatric patients who must undergo conventional pancreatectomy, the spleen should be preserved to prevent potentially dangerous infections associated with splenectomy. As a special population, the monitoring and management of pediatric patients should be strengthened to reduce other complications caused by prolonged hospitalization.

For pregnant patients
A diagnosis of SPN during pregnancy is rare and poses a threat to both the mother and the fetus. Sometimes, large cystic-solid masses of the pancreas found in pregnant women should be considered SPNs[18]. A 26-year-old woman who was diagnosed with SPN at 21 wk of gestation underwent tumor enucleation for SPN at 22 wk of gestation, and a healthy female infant was delivered vaginally at 39 wk and 5 d of gestation[10]. Similarly, another woman who was 26 years old underwent enucleation for SPN at 14 wk of gestation and gave birth to a mature female baby at 38 wk[18]. Surgery during pregnancy should be performed in cooperation with the surgeon and obstetrician to remove the tumor while ensuring the safety of the mother and fetus. Generally, the second trimester is the most favorable time window for surgical intervention for SPNs because fetal organogenesis is complete and the size of the fetus is adequate, which can reduce the influence of spontaneous abortion in early pregnancy and the influence of the large size of the fetus in late pregnancy on the difficulty of the operation[10].

Sex differences
Through observations and studies, there are certain differences between male and female patients that deserve attention. Approximately 90% of SPNs occur in adolescents and young adult women[19]. The male–female ratio is approximately 1:10, and SPNs are a common diagnosis in females under 40 years old undergoing pancreatectomy[2,3,16]. In our previous study, male patients, with an average age of 43.1 years, were older than female patients, and there were more asymptomatic male patients[20].
Overall, the tumors are significantly larger in females with SPNs than in males[21], but the tumors are more aggressive and develop at a later age in men[11]. In terms of composition, the mean solid component is significantly higher in male patients than in female patients[21]. For immunohistochemical staining, the expression of β-catenin is significantly decreased in male patients, but vimentin expression is significantly increased in male patients[21]. More research is expected to explain the underlying causes of these differences. 
Imaging examination is widely used in the diagnosis and differential diagnosis of various diseases. In a study of SPNs, the accuracies of imaging diagnoses for SPNs in male and female patients were 54.0% and 70.5%, respectively[21]. However, in imaging diagnoses, SPNs in male patients were more likely to be misdiagnosed as malignant tumors than those in female patients, with misdiagnosis rates of 37.7% and 10.7%, respectively[21]. These results suggest that when imaging alone is insufficient to determine a diagnosis or differential diagnosis, other examinations, such as preoperative pathological examination, may be necessary to supplement the deficiency in imaging and improve the overall diagnostic accuracy for SPNs.
Furthermore, older age is an independent risk factor for recurrence[21] and is significantly associated with tumor recurrence[22]. In addition, as there are no significant differences in margin status, peripheral tissue invasion, postoperative complications, disease-free survival, or overall survival between male and female patients, the prognosis of SPNs has been reported to be similar between male and female patients[21]. Therefore, for elderly male and female patients with SPNs, surgery should be more radical, and postoperative follow-up should be more frequent[11].

Histopathological features
A definite pathological diagnosis can guarantee the application of enucleation in SPN. Endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA) can achieve pathological tissue acquisition, and SPNs can be diagnosed preoperatively and differentiated from other diseases. Lubezky et al[3] reported that the sensitivity and specificity of EUS-FNA were 90.9% and 100%, respectively. In addition, intraoperative frozen sections are important for determining the presence of an involved margin. If intraoperative frozen sectioning reveals invasive features (such as adenocarcinoma or carcinoma), conventional surgery should be performed[7].
In fact, there is still no consensus on the malignant characteristics of SPNs[1,8]. In 2010, the World Health Organization (WHO) classified SPNs as a low-grade malignant neoplasm. Prior to this, the malignant components of solid pseudopapillary carcinoma (SPC) of the pancreas were defined by the WHO as vascular invasion, perineural invasion, or deep invasion into the surrounding pancreatic parenchyma. Importantly, recurrence and metastasis of SPNs may occur even in the absence of microscopic features similar to SPC of the pancreas, and these features may not cause malignant behavior[1,8]. For example, in a study, 98 of 351 patients with SPNs presented with malignant features, but recurrence occurred in 9 of the 317 patients who underwent surgery for SPNs and had a follow-up of more than 6 mo[8]. Among these nine patients who relapsed after surgery, eight had R0 resection and six did not meet the WHO definition of SPC[8]. 
In summary, there is no consensus on the malignant characteristics of SPNs of the pancreas, and the malignant components of SPC of the pancreas may not be absolute contraindications for enucleation with negative surgical margin. However, it should be noted that during enucleation of SPNs with peripheral tissue invasion, more peritumor pancreatic tissue should be resected than that resected during enucleation of SPNs without peripheral tissue invasion.

Relationship between the tumor and surrounding tissue
SPNs can occur anywhere in the pancreas[2], even outside the pancreas[23], and they can be solid, solid-cystic, or cystic in composition. For enucleation, it is important to carefully evaluate the tumor size, location, depth of implantation into the pancreas, and distance between the pancreatic duct and tumor margin because it may be difficult to distinguish between the tumor and normal tissue and the relationship between the surrounding organs during surgery. While laparoscopic resection of tumors deeply embedded in the pancreas is technically feasible and safe compared to that of superficial tumors, it is more challenging[24]. Accidental damage to important surrounding structures may result in serious complications. If the main pancreatic duct (MPD) is damaged during enucleation, there is an increased risk of forced conversion of enucleation to conventional pancreatectomy, postoperative pancreatic leakage, and iatrogenic pancreatic duct stenosis.

Postoperative pancreatic fistula
Enucleation has been reported to be associated with a higher risk of postoperative pancreatic leakage, and pancreatic leakage is more serious than conventional pancreatectomy, especially in patients with tumors larger than 3 cm and tumors close to the MPD[1,7,14,25]. Cho et al[1] reported that the most common postoperative complication in pediatric patients was postoperative pancreatic fistula (POPF). Although the overall incidence of pancreatic leakage was similar in the enucleation and conventional pancreatectomy groups, mild grade A symptoms mainly occurred in the conventional pancreatectomy group, and the incidence of grades B and C symptoms was more common in the enucleation group, which consequently prolonged the duration of maintaining drainage with POPF in the enucleation group[1]. Patients with tumors at the head and neck of the pancreas had a higher incidence of complications than those with tumors at other sites after enucleation for pancreatic benign tumors[6]. However, it should be noted that postoperative pancreatic fistula was not associated with further progression to pancreatic insufficiency after pancreatectomy[14]. Because of the higher incidence of pancreatic fistula as a short-term complication after enucleation, it is not advised to choose a conventional surgical approach imprudently that will increase the risk of postoperative pancreatic dysfunction.
Although the results of current conservative treatments for pancreatic leakage are good, more methods for reducing postoperative pancreatic leakage are expected. 

Pancreatic excision and onset of diabetes mellitus
Kwon et al[26] found that the pancreatic resection volume (in milliliters) and resected volume ratio (in percentage) were associated with the onset of diabetes mellitus after distal pancreatectomy, especially in patients with a high pancreatic resected volume ratio (> 35.6%) in distal pancreatectomy. It is suggested to preserve as much normal pancreatic tissue as possible under the condition of ensuring a positive margin to reduce the risk of postoperative dysfunction. For patients diagnosed with severe impairment of pancreatic function before surgery, conventional pancreatectomy, which enables negative margins to be achieved more easily, should be considered.

Different types of enucleation
Enucleation has been gradually completed via laparotomy, laparoscopy, and robotic approaches, each of which has certain characteristics. For example, open enucleation is more suitable for tumors that are deep or posterior lesions and located to the right of the superior mesenteric vein[6]. Laparoscopic tumor enucleation is also feasible for the treatment of some SPN patients and has certain advantages[2,27]. Laparoscopic enucleation has a clear and magnifying optical field, which can make the resection more detailed and may be beneficial to the protection of the MPD[24]. Compared with open surgery, the robotic approach provides an alternative for SPNs in the head of the pancreas without increasing the incidence of clinically relevant pancreatic fistula or other major complications, and patients can obtain a favorable prognosis[28]. There are few reports on surgical procedures for enucleation in patients with SPNs, and some surgical details can be seen in these articles[6,24,28,29], including our previous one[7].

Surgical key points of enucleation
The main procedures for enucleation are summarized in Figure 2, and some keys to enucleation are described below. Some preoperative and intraoperative auxiliary examinations are closely related to the correct diagnosis and evaluation of the relationship between the tumor and the surrounding tissues, such as the MPD, common bile duct (CBD), and mesenteric vessels. Although the measurement is less precise, in patients with postoperative complications, computed tomography can be used to detect tumors close to the MPD, and a distance between the tumor and the MPD of less than 2-3 mm is a risk factor for postoperative pancreatic leakage[15]. Intraoperative ultrasound can be further used to evaluate the tumor and provide guidance for surgical resection. Importantly, multiple lesions may occur in patients with SPNs[7].
Correctly exposing the location of the tumor is critical for surgery because it can appear anywhere in the pancreas. In the process of enucleation, the tumor can be taped to expose the boundary between the tumor and normal tissue more clearly, which is conducive to the complete enucleation of the tumor and the preservation of normal pancreatic parenchyma[7]. Similarly, traction sutures are beneficial for enucleation of solid pancreatic tumors[6]. In the dissection of tumors from the surrounding normal pancreatic parenchyma, the use of monopolar cautery is more efficient than the use of an ultrasonic scalpel for fine dissection[6]. Parenchymal sutures and a tissue sealant can be used in patients whose hemostasis and pancreatostasis cannot be satisfactorily managed with bipolar cautery and ultrasound scalpel[7].
Pancreatic duct stents can be used in patients with a small distance between the tumor and the pancreatic duct to facilitate intraoperative identification of the location of the pancreatic duct and reduce the risk of accidental intraoperative injury to the pancreatic duct. If the mass is near the confluence region, a Foley catheter can be inserted into the CBD to avoid accidental injury during surgery[25]. The possibility of damaging the MPD can be reduced by preoperative endoscopic implantation of pancreatic duct stents as intraoperative guidance[6].
The integrity of the MPD and CBD can be confirmed by intraoperative cholangiopancreatography with methylene blue[25]. For patients with proven MPD or CBD damage, polyprolene sutures can be used to repair or rebuild the tube[25]. The Roux-Y loop can be used to treat patients with suspected MPD injury or a wide wounded area (diameter > 3 cm) of the pancreatic parenchyma[7]. For patients with severe MPD damage, a fine silicon tube can be inserted into the MPD as a stent, and the other side of the silicon tube can be inserted through the papilla into the duodenal cavity, which is fixed with soluble sutures[23].
Drainage tubes and some measures to the enucleated sites are applied to reduce postoperative complications, unnecessary invasive procedures, and even reoperation. Some surgeons who apply fibrin glue and absorbable fibrin sealant patches to the enucleated sites in most patients[6]. In a case report of SPN, a drainage stent was placed in the MPD of the patient before surgery, and the surgeon used only interrupted sutures to close the pancreatic parenchymal defect after enucleation[29]. Even without the use of drainage tubes, the patient was discharged 2 wk after surgery without postoperative complications[29]. In the future, more research findings and inventions are expected to reduce the incidence of pancreatic leakage after enucleation.

For benign pancreatic tumors
For benign pancreatic tumors, Falconi et al[14] revealed that atypical resection has an acceptable risk of postoperative complications and significantly reduces the risk of long-term complications. Lu et al[25] reported that enucleation is recommended for benign or low-grade tumors of the proximal pancreas, and large tumors and proximity to the MPD are not absolute contraindications, although the postoperative fistula rate would be high. Laparoscopic enucleation is safe and effective for benign and low-grade malignancies and is associated with favorable perioperative outcomes[6]. Although these findings relate to benign or low-grade pancreatic tumors, they may also apply to SPNs, which are a member of the group.

UNANSWERED QUESTIONS REGARDING ENUCLEATION IN SPNS AND FUTURE PROSPECTS
What are the best surgical indications?
According to the above findings, it can be concluded that the lower the degree of malignancy of the tumor, the farther the distance from the MPD to the tumor margin, and the smaller the volume of the removed pancreatic tissue, the more suitable enucleation is. However, the specific critical value still lacks relevant data, so there is no unified view. Higher-level evidence is needed to further explore the following questions: How do the location and size of the tumor affect the indications for enucleation due to anatomic factors? What is the effect of tumor components on indications, and are solid or cystic component tumors more suitable for enucleation? Can surgical indications for enucleation be relaxed for people seeking a higher quality of life, and what are the indications for this group?

How can complications, especially pancreatic fistula, be prevented and intervened?
Common postoperative complications, such as pancreatic leakage and emerging diabetes, are related to the exocrine and endocrine functions of the pancreas. The problems related to pancreatic leakage have been presented in the section about postoperative pancreatic fistula and surgical procedures of enucleation mentioned in this paper. New-onset diabetes mellitus (NODM) should be monitored for a long time to prevent multisystem harm caused by the loss of glucose homeostasis. Due to the uneven distribution of islets in the pancreas, the resection volume of patients with NODM caused by resection at different sites needs to be further studied to guide the control and prediction of postoperative NODM.

How can the surgical margin be guaranteed?
Enucleation is expected to preserve normal pancreatic function and improve postoperative quality of life by preserving normal pancreatic tissue to a large extent. However, several cases of positive surgical margins in SPN patients undergoing enucleation have been reported[1,17]. To treat tumors while preserving organ function, we need to pay attention to the following points: First, further research and investigation are needed to determine the appropriate distance from the tumor to the surgical margin. Second, tumor characteristics, such as the composition, size, and shape of the tumor as well as its relationship with surrounding blood vessels, should be carefully evaluated by intraoperative ultrasound and other equipment, and then the resection scope can be determined. Finally, the determination of negative margins by intraoperative frozen section is of great significance to the prognosis of patients. We recommend multipoint biopsies on the tissue margins of the three-dimensional structure of the tumor to confirm the status of the margins, especially the dorsal side of the tumor in the visual blind area during surgery.

What is the prognosis of long-term oncology?
Although the majority of patients have a good prognosis, approximately 15% of patients present with malignant signs of peripheral organ invasion and metastatic disease[14]. The absence of malignant histological appearance cannot completely exclude the risk of postoperative metastasis and recurrence, so regular oncological follow-up and long-term surveillance are important for the early detection and further treatment of metastasis and recurrence.
In a small number of patients, distant metastasis can occur in the peritoneum, perirenal lymph nodes, colon, small intestine, and other sites[30]. Usually, the most common site of postoperative metastasis is the liver[2]. When a suspicious liver mass is detected during postoperative follow-up, it should be differentiated from primary hepatocellular carcinoma and nonpancreatic metastatic tumors. Percutaneous liver biopsy with immunohistochemistry can be used to confirm the diagnosis. Even if liver metastases occur, patients with SPNs can achieve long-term survival with timely surgical treatment.
To date, there are still no good tumor markers of suggesting the occurrence, development, recurrence, and metastasis of SPNs. Laboratory tests, including tumor markers, are nonspecific[3,4]. With regard to current imaging techniques and the development of tumor markers associated with SPNs, imaging is of higher value during follow-up. It is expected that more studies will be conducted to find relevant markers that can detect abnormalities early and provide help for the early diagnosis and treatment of this tumor. In addition, surgery-related complications, such as pancreatectomy-related diabetes mellitus, need to be monitored because most patients have no obvious symptoms early on.

CONCLUSION
Enucleation has undoubtedly come to stay as an alternative surgical procedure for SPNs. However, many questions remain unresolved, and future directions toward the best surgical indication, the prevention and intervention of complications, especially pancreatic fistula, intraoperative resection margin safety assessment, and long-term oncology prognosis remain to be evaluated and should be explored in future clinical trials.
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Figure Legends
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[bookmark: OLE_LINK4150][bookmark: OLE_LINK4151]Figure 1 Advantages (blue) and disadvantages (yellow) of enucleation compared with conventional pancreatectomy in solid pseudopapillary neoplasms.
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Figure 2 Main procedures of pancreatic enucleation. MPD: Main pancreatic duct; CBD: Common bile duct.

Table 1 Summary of selected patients with solid pseudopapillary neoplasms undergoing enucleation
	[bookmark: _Hlk96385048]Ref.
	No.
	Age
	Sex
	Tumor location
	Tumor size (cm)
	TM
	PF (Grade)
	DGE
	NODM
	Follow-up (mo)
	PR/PM
	Outcome
	Type

	[bookmark: OLE_LINK7]Wang et al[7], 2018
	31
	11-49
	27 F; 4 M
	12 head; 9 neck; 9 body-tail; 1 multiple
	2.0-14.5
	NA
	5 B; 1 C
	No
	NA
	46.1 (mean)
	No
	[bookmark: OLE_LINK5]Alive
	[bookmark: OLE_LINK6]30 EN; 1 LEN

	Wang et al[12], 2018
	15
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	No
	NA
	EN

	Cho et al[1], 2019
	15
	14.6 ± 10.7
	14 F; 1 M
	9 head; 6 body-tail
	6.1 ± 2.9
	NA
	2 A; 8 B + C
	NA
	No
	746.8-198.8
	1 PR
	NA
	EN

	Xu et al[24], 2021
	14
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	LEN

	Wei et al[21], 2022
	13
	NA
	8 F; 5 M
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	2 PR
	NA
	EN

	Li et al[31], 2011
	9
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	EN

	Yalcin et al[17], 2019
	9
	10-16.5
	8 F; 1 M
	5 head; 2 head-neck; 1 neck; 1 body
	2.0-10.0
	NA
	NA
	NA
	NA
	17-136
	NA
	Alive
	EN

	Jin et al[28], 2020
	8
	NA
	NA
	Head
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	4 REN; 4 EN

	Yu et al[32], 2015
	5
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	EN

	Lu et al[25], 2017
	5
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	EN

	Afridi et al[16], 2014
	4
	NA
	NA
	3 head
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	4 EN

	Machado et al[11], 2008
	3
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	EN

	Nakagohri et al[33], 2008
	2
	NA
	NA
	2 body-tail
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	EN

	Butte et al[34], 2011
	2
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	EN

	Sugito et al[35], 2012
	2
	11-15
	2 F
	1 head; 1 tail
	NA
	NA
	No
	No
	No
	36-144
	NA
	Alive
	EN

	Eric et al[2], 2021
	1
	32
	F
	Body-tail
	2.0
	NL
	No
	No
	No
	12
	No
	Alive
	LEN

	Salvia et al[36], 2007
	1
	NA
	NA
	Head
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	EN

	Matos et al[37], 2009
	1
	16
	NA
	Body
	2.5
	NA
	No
	No
	No
	13
	NA
	Alive
	LEN

	Morikawa et al[38], 2013
	1
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	EN

	Takamatsu et al[39], 2013
	1
	13
	F
	Tail
	5.0
	NA
	1 A
	NA
	NA
	24
	No
	Alive
	LEN

	Juric et al[40], 2014
	1
	16
	F
	1 head + 1 tail
	Head 10.0; Tail 7.0
	NL
	No
	No
	No
	24
	No
	Alive
	EN

	Karakas et al[41], 2015
	1
	18
	F
	Head
	6.0
	NL
	No
	No
	No
	3
	No
	Alive
	EN

	Namur et al[4], 2016
	1
	18
	F
	Head
	4.5
	NA
	1 A
	NA
	NA
	38
	No
	NA
	EN

	Stewart et al[42], 2016
	1
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	No
	NA
	EN

	Esposito et al[43], 2017
	1
	5
	M
	Tail
	NA
	NA
	No
	No
	No
	NA
	NA
	NA
	LEN

	Tanaka et al[29], 2017
	1
	10
	F
	Head
	3.0
	NL
	No
	No
	No
	24
	No
	Alive
	EN

	[bookmark: OLE_LINK4152][bookmark: OLE_LINK4153]Senthilnathan et al[27], 2017
	1
	NA
	NA
	Head
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	LEN

	Scandavini et al[44], 2018
	1
	12
	F
	NA
	NA
	NA
	No
	No
	No
	159
	NA
	Alive
	EN

	Huang et al[10], 2018
	1
	26
	F
	Tail
	13.0
	[bookmark: OLE_LINK2]NL
	No
	No
	No
	6
	No
	Alive
	EN

	Farhat et al[13], 2020
	1
	19
	F
	Tail
	2.0
	NA
	Yes
	No
	No
	209
	No
	Alive
	[bookmark: OLE_LINK4]EN

	Feng et al[18], 2011
	1
	26
	F
	Head
	9.5
	NL
	Yes
	No
	No
	NA
	NA
	NA
	EN


PF: Pancreatic fistula; DGE: Delayed gastric emptying; NODM: New-onset diabetes mellitus; PR: Postoperative recurrence; PM: Postoperative metastasis; F: Female; M: Male; NL: Normal level; EN: Enucleation; LEN: Laparoscopic enucleation; REN: Robotic enucleation; NA: Not available; Yes: Happened; No: No event.
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The tumor is dissected progressively along the gap between the fibrous capsule of the tumor and surrounding normal pancreatic
tissue. When the tumor is large or there is no fibrous capsule, part of the pancreatic tissue around the tumor (1-3 mm) can be
enucleated simultaneously to fully ensure the safe resection margin of the tumor

Step 3
Step 4 Hemostasis is achieved, and the presence of MPD or CBD injury is assessed
Step 5 Pathological features and resection margins are preliminary examined by intraoperative frozen section
Step 6

Drainage device is placed at the surgical site, and the abdominal cavity is closed layer by layer according to the anatomy

Step 7 Surgical specimens are sent for final pathological and immunohistochemical examinations
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