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Abstract
BACKGROUND 
Pancreatic mucinous cystic neoplasms (MCNs) represent one of the precursor 
lesions of pancreatic ductal adenocarcinoma, and their detection has been 
facilitated by advances in preoperative imaging. Due primarily to the rarity of 
MCNs, however, there is limited knowledge regarding the prognostic variables 
and high-risk factors for malignant transformation. A more comprehensive and 
nuanced approach is necessary to fill this gap and provide a basis for improved 
treatment decisions and patient outcomes.

AIM 
To investigate the high-risk factors associated with malignant MCNs and to 
explore the prognostic factors of MCN with associated invasive carcinoma (MCN-
AIC).

METHODS 
All cases of resected MCNs from a single high-volume institution between 
January 2012 and January 2022 were retrospectively reviewed. Only cases with 
ovarian-type stroma verified by progesterone receptor staining were included. 
Preoperative features, histological findings and postoperative course were 
documented. Multivariate logistic regression was employed to investigate 
variables related to malignancy. Survival analysis was performed using the 
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Kaplan-Meier curve, and the prognostic factors were assessed to evaluate the postoperative course 
of patients with MCN-AIC.

RESULTS 
Among the 48 patients, 36 had benign MCNs, and 12 had malignant MCNs (1 high-grade atypical 
hyperplasia and 11 MCN-AIC). Age, tumour size, presence of solid components or mural nodules 
and pancreatic duct dilatation were identified as independent risk factors associated with 
malignancy. The follow-up period ranged from 12 mo to 120 mo, with a median overall survival of 
58.2 mo. Only three patients with MCN-AIC died, and the 5-year survival rate was 70.1%. All 11 
cases of MCN-AIC were stage I, and extracapsular invasion was identified as a prognostic factor 
for poorer outcomes.

CONCLUSION 
The risk factors independently associated with malignant transformation of MCNs included age, 
tumour size, presence of solid components or mural nodules, and pancreatic duct dilatation. Our 
study also revealed that encapsulated invasion was a favourable prognostic factor in MCN-AIC 
patients.

Key Words: Mucinous cystic neoplasms; Pancreatic adenocarcinoma; Invasive carcinoma; Risk of 
malignancy; Prognostic factor; Retrospective study
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Core Tip: Pancreatic mucinous cystic neoplasms (MCNs) are a rare tumour with a low incidence and one 
of the precursor lesions of pancreatic ductal adenocarcinoma. The detection of MCN has been increasing 
by advances in imaging technology. MCNs associated risk factors, clinicopathological manifestations, and 
prognosis must be explored to improve our understanding of this rare tumour type and optimize clinical 
treatment.
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INTRODUCTION
Pancreatic mucinous cystic neoplasm (MCN) is a rare sporadic tumour with a low incidence, accounting 
for 10%-45% of all resected primary pancreatic cystic neoplasms and 2.5% of exocrine pancreatic 
tumours[1,2]. With the increasing popularity of imaging evaluation and advances in radiological 
technology, the rate of MCN identification is on the rise. Pancreatic ductal adenocarcinoma (PDAC) is 
the leading cause of cancer-related death globally, and its incidence has been consistently increasing[3]. 
However, the majority of PDAC cases are detected at an advanced stage, highlighting the importance of 
early diagnosis and treatment of associated precancerous lesions to improve survival rates. MCN is a 
precancerous lesion of PDAC and evolves from benign adenoma to invasive carcinoma similarly to 
intraductal papillary mucinous neoplasm (IPMN) and pancreatic intraepithelial neoplasia (Pan IN)[4].

However, MCNs have not been studied in sufficient detail or breadth owing to their infrequency. The 
risk factors associated with malignancy have not been well characterized, and physicians have not been 
unanimous in adopting an optimal management profile. Discrepancies in recommendations offered by 
several medical associations may contribute to further challenges in managing the disease. Moreover, 
despite PDAC being the most common histopathological type of invasive MCN, notable differences 
exist in prognosis. However, the precise prognostic determinants of MCNs have yet to be fully elu-
cidated.

Therefore, we conducted a retrospective study of the clinicopathological, radiological and survival 
data of a sizable cohort of patients. The findings of this study were intended to help identify key risk 
factors of malignant transformation in MCNs as well as the prognostic determinants of MCN with 
associated invasive carcinoma (MCN-AIC). The insights gained from this study may be used to inform 
the development of more effective management strategies for patients with MCNs, ultimately 
improving their clinical outcomes.

https://www.wjgnet.com/1007-9327/full/v29/i20/3119.htm
https://dx.doi.org/10.3748/wjg.v29.i20.3119
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MATERIALS AND METHODS
Patient identification and ethics statement
All cases of MCN identified at the Department of Pathology of the First Affiliated Hospital of Bengbu 
Medical College from January 2012 to January 2022 were retrospectively retrieved. A total of 48 patients 
who fit the diagnostic criteria were included in the study. This study was approved by the Ethics 
Committee of the First Affiliated Hospital of Bengbu Medical College. Written informed consent was 
obtained from all patients for the use of their clinical data.

Inclusion and exclusion criteria
The inclusion criteria were patients who had been confirmed by surgical pathology to have MCN, 
underwent imaging examinations, and did not receive preoperative radiotherapy or chemotherapy. The 
exclusion criteria included poor-quality radiographic images, insufficient pathological diagnostic data, 
the presence of other pancreatic diseases, and a history of other malignant tumours. These criteria were 
carefully selected to ensure the accuracy and reliability of the study’s findings.

Methods
All patients underwent preoperative imaging examinations, and the imaging data were uploaded to the 
Picture Archiving and Communication System. After reviewing and interpreting the data, two 
radiologists evaluated the radiographic tumour size, location, calcification, separation, solid com-
position or mural nodule status and duct dilatation of the lesion. Clinical information, including patient 
age and sex, symptoms, and serum tumour marker levels, was obtained through the analysis of medical 
records. The tumour tissues were paraffin-embedded and stained with haematoxylin-eosin staining 
(H&E) after being fixed in 10% neutral formaldehyde. MCN is classified by the World Health 
Organization (2019) as either atypical hyperplasia or MCN-AIC[5]. Low-grade atypical hyperplasia 
(LGD) and high-grade atypical hyperplasia (HGD, carcinoma in situ) have replaced the former three-
tiered classification of atypical hyperplasia in MCN. All slides were reassessed by two senior 
pathologists who were uninformed of the patients’ clinical diagnoses. All tissues were analysed immu-
nohistochemically using the EnVision technique, and the progesterone receptor (PR) primary antibody 
was purchased from Fuzhou Maixin Biotechnology Co., Ltd., China. Expression of PR was restricted to 
the subepithelial ovarian-type stroma.

Patient outcomes
From the date of diagnosis to January 31, 2022, 48 patients were followed up by reviewing their medical 
records, interviewing them via phone, or sending emails to acquire follow-up data, including post-
operative recurrence, overall survival (OS), and therapy. OS was measured from the date of surgery 
until the date of death or the end of follow-up.

Statistical analysis
The data were analyzed statistically using IBM SPSS Statistics (version 25.0) and R (version 4.0.0). The χ2 
test or Fisher’s exact test was used to compare categorical data. The preoperative risk variables 
associated with malignant MCNs were evaluated using a multivariate binary logistic regression model. 
The cumulative survival rate was calculated using the Kaplan-Meier method, and the log rank test was 
performed to analyse the association between clinicopathological data and survival rate. P < 0.05 was 
regarded as indicating statistical significance.

RESULTS
Clinicopathological and radiological information of patients
A total of 48 patients diagnosed with MCN were included in accordance with strict inclusion and 
exclusion criteria. MCNs accounted for 2.8% (48/1685) of all pancreatic lesions resected over the same 
period. The median age of the patients was 47.2 years ± 13.1 years (range, 27-72 years), and 16 patients 
(33.3%) were more than 50 years old. There were 34 females and 14 males, with a female-to-male ratio of 
2.2:1.0. Approximately 41.7% of patients were asymptomatic, including 18 patients whose disease was 
detected incidentally by imaging evaluation and 2 patients whose disease was identified by elevated 
preoperative carbohydrate antigen 19-9 (CA19-9) serology. The remaining 28 patients presented with 
nonspecific clinical symptoms, such as stomach pain, abdominal distension, abdominal discomfort, and 
jaundice. Serologic CA19-9 Levels were elevated in 16 patients (33.3%).

Imaging revealed oval-shaped, lobulated hypodense masses that were well circumscribed, separated 
linearly, and surrounded by egg-shell-like foci of calcification. The contents of the cyst were also visible. 
The average radiological diameter of the tumour was 5.8 cm ± 3.7 cm (1.2-14.5 cm), and in 23 patients 
(47.9%), the tumour measured more than 4 cm. Thirty-five patients (72.9%) had tumours that were 
located in the distal pancreas. Solid components or mural nodules were identified in 14 patients (29.2%), 
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septations in 21 (43.85%), calcification in 13 (27.1%) and duct dilatation in 18 (37.5%) (Figure 1). Detailed 
data on the imaging findings and clinicopathological information of MCN patients are shown in Table 1.

MCN was correctly diagnosed using preoperative imaging in 35 patients (72.9%). The most common 
misdiagnoses involved other subtypes of pancreatic cystic lesions (PCLs) and the use of imprecise terms 
such as pancreatic cystic or solid masses. The preoperative imaging modalities employed in this study 
comprised computed tomography (CT), magnetic resonance imaging (MRI), and endoscopic ultrasound 
(EUS). Of the 48 patients, all underwent CT, 33 underwent MRI, and 21 underwent EUS. The corres-
ponding detection accuracy rates were 64.6%, 87.9%, and 71.4%, respectively. Nevertheless, there was 
no significant difference in diagnostic accuracy among the three methods (P = 0.64).

Microscopic and immunohistochemical features
Postoperative pathological diagnosis revealed 36 cases of LGD, 1 case of HGD, and 11 cases of MCN-
AIC (the histological type of the invasive component was PDAC in all cases). All cases were solitary 
without multiple foci. The morphology of the cysts generally manifested as unilocular or multilocular 
with septa, and the fluid aspirated from the cystic cavity was frequently viscous.

Microscopically, the cyst walls were found to be coated with mucinous columnar epithelium 
(Figure 2A and B). Subepithelial tissue in the MCN consisted of ovarian-type stroma (OTS) charac-
terized by dense spindle cells expressing PR and possessing round or elongated nuclei with scant 
cytoplasm. Positive PR staining was observed in all tumours (Figure 2D). The mucin-producing 
columnar epithelial cells exhibited varying degrees of dysplasia. In cases of LGD, mild to moderate 
structural and cellular atypia was observed with occasional micropapillae (Figure 2A and B). HGD 
showed obvious atypia of both structures and cells, including multilayered cell arrangement, nuclear 
enlargement, loss of alignment polarity, and emergence of aberrant mitotic figures. In cases of MCN-
AIC, interstitial infiltration was noted in comparison to HGD, with invasive components growing 
interspersed in the stroma (Figure 2C). Solid components, mural nodules, or nipple protrusion were also 
occasionally visible. Notably, 5 cases of MCN-AIC showed atypical hyperplasia adjacent to invasive 
components.

Risk factors for malignant MCNs and the prediction probability
Based on malignant biological behaviours, LGD was defined as benign MCN in 36 cases (75%), while 
HGD and MCN-AIC were classified as malignant MCN in 12 cases (25%). Univariate analysis revealed 
that age ≥ 50 years [8 (66.7%) vs 8 (22.2%), P = 0.013], tumour size ≥ 4 cm [10 (83.3%) vs 13 (36.1%), P = 
0.010], pancreatic duct dilatation [8 (66.7%) vs 10 (27.8%), P = 0.039], and presence of a solid component 
or mural nodule [8 (66.7%) vs 10 (27.8%), P = 0.039] were associated with malignant MCN. However, 
sex, clinical symptoms, serum CA19-9 Level, tumour location, septations and calcification did not 
correlate with malignancy (P < 0.05) (Table 1).

Further multivariate analysis demonstrated that all four statistically significant indicators were 
independent risk factors for the preoperative diagnosis of malignant MCNs (P < 0.05) (Figure 3). The 
prediction probability of each indicator for malignancy risk in a cohort of patients was then explored. 
The results of the analysis showed that age, tumour size, duct dilatation, and solid component/mural 
nodule all had good performance in predicting malignancy risk, as evidenced by the area under the 
curve (AUC) values of 0.722 (95%CI: 0.546-0.898, P = 0.220), 0.736 (95%CI: 0.578-0.894, P = 0.015), 0.694 
(95%CI: 0.517-0.872, P = 0.046), and 0.694 (95%CI: 0.517-0.872, P = 0.046), respectively. Furthermore, 
when the four indicators were combined into a total predictor, the AUC value increased to 0.903 (95%CI: 
0.814-0.992, P < 0.010), improving the accuracy of the prediction model.

Survival analysis and prognostic variables of MCN-AIC
The follow-up period ranged from 12 mo to 120 mo with a mean of 58.2 mo ± 32.7 mo. Of the 36 patients 
with benign MCNs, 6 were lost to follow-up, and 1 died of an abrupt cerebral infarction. The remaining 
29 patients had an excellent prognosis; their 5-year disease-specific survival rate was 100%. Of the 12 
patients with malignant MCNs, 3 died at 8, 14, and 46 mo after surgery; the 5-year disease-specific 
survival rate was 70.1%. All deaths occurred in MCN-AIC patients.

Consequently, the clinicopathological characteristics of the 11 MCN-AIC patients were further 
explored (Table 2). The tumours examined in this study did not display any signs of lymph node 
involvement, distant metastasis, or nerve invasion. In addition, all the tumours were successfully 
resected, and the margins were negative. Based on the AJCC cancer staging system[6], all 11 cases of 
MAC-AIC were categorized as stage I, with 7 patients having stage IA cancers and 4 having stage IB 
cancers, depending on the tumour size. The encapsulated invasion of MCN-AIC was defined as infilt-
rating components not exceeding the outermost layer of the capsule, with or without infiltration into the 
subepithelial stroma or cystic septa[7]. Using this definition, 9 tumours were encapsulated, while 3 were 
extracapsular (Cases 1-3). In Case 1 and Case 2, the cancerous tissue extended into the capsule and 
intersected with the surrounding pancreatic parenchyma. The tumour in Case 3 was located in the head 
of the pancreas and showed infiltration into the adjacent duodenal muscular layer. There was no 
significant difference in age (P = 0.301), tumour size (P = 0.109), sex (P = 0.402), postoperative adjuvant 
therapy (P = 0.952) or TNM stage (P = 0.400). However, the difference in infiltration of the capsule was 
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Table 1 Clinicopathologic and radiological features in 48 patients

Variable Benign group (n = 36) Malignant group (n = 12) P value

Sex 0.142

    Male 8 (22.2) 6 (50.0)

    Female 28 (77.8) 6 (50.0)

Age, yr 0.013

    ≥ 50 8 (22.2) 8 (66.7)

    < 50 28 (77.8) 4 (33.3)

Clinical symptoms 0.499

    Yes 20 (55.6) 8 (66.7)

    No 16 (44.4) 4 (33.3)

Serum CA19-9 level 0.077

    Elevate 9 (25) 7 (58.3)

    Normal 27 (75) 5 (41.7)

Tumor size, cm 0.005

    ≥ 4 13 (36.1) 10 (83.3)

    < 4 23 (63.9) 2 (16.7)

Location 0.348

    Head and neck 8 (22.2) 5 (41.7)

    Body and tail 28 (77.8) 7 (58.3)

Duct dilatation 0.039

    Yes 10 (27.8) 8 (66.7)

    No 26 (72.2) 4 (33.3)

Solid component/mural nodule 0.039

    Yes 10 (27.8) 8 (66.7)

    No 26 (72.2) 4 (33.3)

Septations 0.867

    Yes 16 (44.4) 5 (41.7)

    No 20 (55.6) 7 (58.3)

Calcification 0.851

    Yes 9 (25) 4 (33.3)

    No 27 (75) 8 (66.7)

Significant P in bold. Data presented in parentheses represent percentages. CA19-9: Carbohydrate antigen 19-9.

statistically significant (P < 0.001) (Figure 4).

DISCUSSION
The advancements and widespread use of imaging technology have led to an apparent rise in the 
prevalence of PCLs[1]. PCLs encompass both neoplastic and nonneoplastic lesions, with pancreatic 
cystic neoplasms (PCNs) representing a substantial subset. PCNs comprise serous cystic neoplasms 
(SCNs), solid pseudopapillary neoplasms (SPNs), IPMNs and mucinous cystic neoplasms. SCNs and 
SPNs are nearly benign and low-grade malignant tumours, respectively. IPMNs and MCNs, also known 
as pancreatic mucinous neoplasms, produce viscid mucin and have the potential to progress to PDAC. 
Notably, they are easier to detect by preoperative imaging than Pan IN due to the particular 
hypodensity of the cystic tumour.
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Table 2 Characteristics of 11 patients with mucinous cystic neoplasm associated invasive carcinoma

Case Age 
(yr) Sex Tumor size 

(cm)
Largest 
dimension (cm)

Invasion 
pattern

pT 
stage

pTNM 
stage Status Overall 

survival (mo)
Adjuvant 
chemotherapy

1 72 Female 8.0 3.0 Extracapsular T2 IB Death 8 Yes

2 60 Male 14.0 1.2 Extracapsular T1 IA Death 14 Yes

3 57 Male 7.2 4.0 Extracapsular T2 IB Death 46 No

4 64 Female 5.0 < 0.1 Encapsulated T1 IA Alive 56 Yes

5 56 Male 6.4 2.0 Encapsulated T1 IA Alive 53 Yes

6 43 Female 5.0 < 0.1 Encapsulated T1 IA Alive 38 No

7 52 Female 4.5 3.0 Encapsulated T2 IB Alive 47 No

8 28 Male 11.0 2.0 Encapsulated T1 IA Alive 104 Yes

9 34 Female 3.0 < 0.2 Encapsulated T1 IA Alive 75 No

10 45 Male 4.0 1.5 Encapsulated T1 IA Alive 24 No

11 63 Female 6.0 < 0.2 Encapsulated T1 IA Alive 94 Yes

Figure 1 Representative radiographic images showing the mucinous cystic neoplasms. A: Computed tomography (CT) scan showing a cystic 
neoplasm in the pancreatic tail with a clear boundary and linear separation within the lesion; B: CT scan showing multilocular cysts with a slightly high-density solid 
component, thickened septa, and punctate calcifications; C: CT scan showing a cyst with a slightly thickened cyst wall and multiple calcification foci; D: Magnetic 
resonance cholangiopancreatography showing mixed signals of the mass and the dilatation of the nearby pancreatic duct.

Figure 2 Representative micrographs showing the mucinous cystic neoplasm. A: The epithelium exhibits mild to moderate cellular and structural 
dysplasia, and there is subepithelial ovarian-type stroma (OTS), haematoxylin-eosin staining (H&E) × 200; B: The epithelium demonstrates papillary hyperplasia with 
some cells shedding into the lumen, and the stroma is partially replaced by fibrous collagen, H&E × 100; C: MCN-associated invasive carcinoma extended into the 
adjacent pancreatic tissue, and the epithelium exhibited severe dysplasia, H&E × 100; D: The OTS was positive for PR-staining, EnVision × 200.

Compagno and Oertel[8] initially distinguished MCN from SCN in 1978, citing its higher potential for 
malignancy. However, confusion between IPMNs and MCNs persisted until the International 
Association of Pancreatology designated OTS as the diagnostic criterion for MCN in 2006[9]. Earlier 
reports on MCNs inevitably included IPMN cases, leading to a high reported incidence of malignant 
transformation ranging from 6% to 39% over the last few decades[10-13]. In our sample, 25% of MCN 
cases were malignant, a rate nearly consistent with the findings of Höhn et al[14]. Loss of OTS was 
reported after the malignant transformation of MCNs[15]. In our study, although some cases showed 
this particular phenomenon following malignant transformation, with replacement by interstitial 
fibrous collagen, the remaining OTS was still visible. Once OTS cannot be recognized, detection of 
positive PR is recommended for a definitive diagnosis[16]. All cases in our study exhibited positive 
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Figure 3 Risk factors of malignant mucinous cystic neoplasm. A: Binary logistic regression analysis of preoperative risk factors for malignancy; B: 
Receiver operating characteristic curve analysis of the combined predictors and individual indicators. 95%CI: 95% confidence interval; AUC: Area under the curve.

Figure 4 Prognostic factors for mucinous cystic neoplasm with associated invasive carcinoma. A: There was no significant difference in 
prognosis between stage IA and stage IB mucinous cystic neoplasm with associated invasive carcinoma (MCN-AIC) (P = 0.400); B: Encapsulated MCN-AIC is 
associated with a significantly better prognosis (P < 0.001).

staining, ensuring accurate diagnosis.
Currently, there are no reliable preoperative variables that can be used to accurately predict the 

malignant potential of PCNs.
As one of the most frequently utilized preoperative assessment modalities, imaging has garnered 

considerable attention in the field of radiomics research for identifying certain subtypes of PCNs and 
stratifying the risk of IPMNs[17]. Conversely, MCNs have received far less attention than IPMNs, 
mainly owing to their less substantial incidence and malignancy rate. The management criteria for 
MCNs remain ambiguous and differ from those of IPMNs. Due to the inability to accurately predict the 
malignant potential of MCNs through preoperative inspection, it was formerly recommended that all 
MCNs amenable to surgery be removed regardless of lesion size[13]. Fortunately, the latest guidelines 
recommend monitoring for eligible MCNs[4,18], although the inclusion criteria are similar to those for 
IPMNs. This parallelism with IPMN criteria may warrant further consideration. A substantial 
proportion of patients diagnosed with pancreatic mucinous cysts prior to surgery are subsequently 
found to have benign disease and do not need surgery[19], highlighting the need for improved identi-
fication of those cases with malignant potential. Therefore, given the limitations of current risk strati-
fication schemes in predicting malignant transformation of MCNs, further investigation regarding 
potential risk factors is essential. While a variety of clinicopathological features and imaging findings 
have been proposed as potential risk factors for malignancy, their importance remains controversial 
across different studies[12,14,20-23]. In addition to the variables included in current guidelines, such as 
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tumour size, wall nodule, and duct dilation, other factors, including sex, location, wall thickening/
enhancement, weight, and serum CA19-9 Level, have also been reported to be relevant. Our own 
research identified age, tumour size, solid component or mural nodule, and duct dilation as inde-
pendent risk indicators.

To the best of our knowledge, age has not been widely recognized in the literature as a significant risk 
factor for malignant transformation of MCNs. The mean ages of patients with benign and malignant 
MCNs were 45.2 years ± 12.7 years and 52.2 years ± 13.4 years, respectively, which were comparable to 
those previously described in the literature[24]. Age has been shown to be related to malignancy in a 
cohort of pancreatic mucinous neoplasms[25]. Crippa et al[12] suggested that age was statistically 
significant in univariate analysis but did not emerge as a significant factor in multivariate analysis for 
malignant MCNs. Whether age is an independent risk factor for malignant MCNs needs further study. 
The occurrence of malignant MCNs appears to increase with age and seems to represent a dynamic 
pathological transition from adenoma to adenocarcinoma over time.

The average diameter of MCN masses in our investigation was found to be 5.8 cm, which is consistent 
with the previously reported average diameter of 6-11 cm. It has been emphasized that MCNs should be 
stratified into surveillance and surgery groups based on a diameter threshold of 4.0 cm, as stated in 
current guidelines[18]. Tumour size ≥ 4 cm was confirmed to be an independent risk for malignant 
MCNs in our study. In our research, we further identified that the presence of a solid component or 
mural nodule in MCNs is an independent risk factor for malignancy; it even ranks first in the likelihood 
of malignancy in certain studies[23]. The combination of solid component or mural nodule and tumour 
size has been utilized as a tool for identifying malignancy in some studies. In one cohort, it was reported 
that all malignant MCNs were either larger than 4 cm in diameter or had nodules[12]. Consistent with 
this, guidelines recommend surgical intervention for MCNs larger than 4 cm in diameter or for those 
with a mural nodule.

The majority of patients with MCNs are typically asymptomatic. In our analysis, while the percentage 
of malignant patients with clinical symptoms was higher than that of benign patients, the difference was 
not statistically significant. The relationship between clinical symptoms and malignancy in MCNs is still 
debatable[14,25], although surgical excision is advised if symptoms are present[18]. During follow-up, 
the increase in mass size can often result in nonspecific mass-related clinical complaints. In one case 
from our cohort, surgical intervention was advised after the tumour became larger than 4 cm and 
clinical symptoms appeared in the sixth year of imaging surveillance.

Unlike IPMNs, MCNs typically do not communicate with the pancreatic duct, which is one of their 
distinguishing features. Duct dilatation is a high-risk factor for malignant transformation in IPMNs, 
with dilatation greater than 10 mm being an unequivocal indication for surgery[18,26]. Similarly, our 
study found that pancreatic duct dilatation is a concerning imaging finding in MCNs, as verified by 
other investigations[23].

The management of malignant pancreatic tumours is predominantly centred on postoperative follow-
up, whereas the management of MCNs places greater emphasis on the potential risks associated with 
preoperative monitoring and misdiagnosis. The management plan for IPMN is relatively mature, 
considering that dedicated management guidelines for IPMN have been published[1]. However, despite 
MCN being a precursor lesion of pancreatic cancer, similar to IPMN, the management plan for MCN 
remains unclear, particularly in identifying high-risk factors. Although the risk factors and surgical 
indications for IPMN and MCN are not differentiated in some guidelines[4], the demographic, cystic, 
histological and other characteristics of these two tumours differ, so they should be managed 
differently, particularly with respect to exploring risk factors. Unfortunately, our findings suggest that 
the risk factors for malignant MCNs are quite similar to those for IPMNs. The size of the lesion and the 
presence of solid components/wall nodules have been widely recognized as high-risk factors for 
malignant transformation of MCNs and IPMNs in various guidelines and publications, including our 
study. While various other malignant risk factors for MCN reported in the literature are statistically 
significant, they require further confirmation. In the case of IPMNs, the characteristic risk factor is main 
pancreatic duct dilation, especially when the diameter exceeds 10 mm, given that IPMNs grow within 
the pancreatic ducts. However, MCNs lack their own characteristic risk factors. Based on their 
relationship with the pancreatic ducts, IPMNs are classified into the main duct type, mixed duct type, 
and branch duct type, and direct surgical resection is recommended for the first two types due to a high 
risk of malignant transformation[18]. However, immediate surgical intervention for MCNs with risk 
factors remains controversial. Höhn et al[14] conducted a retrospective analysis exploring the risk 
factors for malignant transformation of MCNs, similar to our own analysis. They recommended radical 
resection surgery for all eligible patients suspected of having MCNs due to concerns about the potential 
risk of malignant progression and the level of expertise of pancreatic surgeons in low-volume centres. 
However, this view seems too radical, and the decision for MCN patients to undergo surgery should be 
more cautious, as the incidence and malignant transformation rate of MCNs are much lower than those 
of IPMNs[27]. The main argument for surgical resection in all MCN patients based on eliminating the 
risk of future malignancy seems invalid. It is essential to increase awareness and continuously conduct 
research on this rare tumour, especially in terms of preoperative malignant risk factors. Based on the 
above premise, a multidisciplinary team with expertise in pancreatic cysts and surgery can combine 
various reported risk factors, patient comorbidities, surgery-related complications, and mortality rates 
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to comprehensively evaluate the potential risks and benefits of surgery and monitoring, thereby making 
the best treatment decision for the patient.

In addition, preoperative imaging evaluation of various risk indicators for MCNs seems to require the 
use of different modalities. No single test can accurately diagnose all cases, and in fact, most patients 
undergo more than one diagnostic procedure[28]. Therefore, the comprehensive use of different 
detection methods is more conducive to preoperative diagnosis. In our study, this may be attributed to 
the preference of imaging doctors at our hospital. CT is the preferred initial test for patients undergoing 
physical examination or with symptoms, and if the CT results are inconclusive or require further 
confirmation, MRI or EUS will be performed. Unfortunately, there was no significant difference 
between these three detection methods in our study; nevertheless, combining CT with MRI/EUS 
increased the preoperative diagnosis rate of our patients from 64.4% to 72.9%. A review of the literature 
suggests that MRI has slightly higher accuracy in distinguishing between malignant PCNs and benign 
lesions than CT[29]. MRI was found to be more effective than EUS in distinguishing malignant MCNs
[30]. CT combined with MRI was shown to be better than CT alone in the preoperative diagnosis of 
pancreatic cysts[31]. Moreover, patients with MCNs who have a certain risk of malignant trans-
formation need long-term monitoring or even lifelong monitoring until surgery is no longer a suitable 
treatment option. For long-term follow-up of MCNs, MRI is the preferred method[18]. This may be 
because MRI has high contrast resolution and does not involve the use of radiation, which may increase 
the risk of developing malignant tumours in patients with long-term exposure to CT. EUS is an invasive 
procedure that highly depends on the operator’s skills, especially when combined with aspiration for 
cyst fluid analysis. EUS is recommended for cysts with significant risk characteristics or when a more 
accurate diagnosis may change the patient’s treatment plan[32].

Complete surgical resection of noninvasive MCNs is a curable treatment, resulting in a 5-year 
disease-specific survival rate of 100%, as previously reported[33], indicating that postoperative 
surveillance may not be necessary. As in PDAC patients, prognosis in cases of MCN-AIC was formerly 
believed to be dismal[34]. However, a series of recent studies have shown that the tumour behaviour 
and biological characteristics of MCN-AIC are entirely distinct from those of PDAC[23,35,36]. MCN-AIC 
is often diagnosed at an early stage, and surgical resection is the primary treatment. A study based on 
SEER research data showed that early-stage MCN-AIC (stage I-II) accounted for 82.9% of cases[37]. All 
12 MCN-AIC cases in our study were at stage I, and the 5-year disease-specific survival rate was 70.1%, 
which was higher than the range of 20%-60% reported in previous literature[12,13,38]. Currently, there 
is a paucity of studies in which the biological behaviour of invasive MCNs is explored. Previous 
research indicates that patients with early-stage tumours (stages I and II) have better survival rates than 
those with high-grade tumours (stages III and IV)[37]. The prognostic variables for patients with MCN-
AIC, such as pT grade and capsular invasion, have gained considerable attention. In PDAC, stage I is 
divided into stages IA and IB, which correspond to stages T1 and T2, respectively, without lymph node 
metastases and distant metastases[6]. A large cohort study has shown that the survival rate of patients 
with stage IA PDAC is much higher than that of patients with stage IB PDAC[39]. However, survival 
disparities between stage IA and IB invasive PDAC derived from MCN-AIC are rarely observed. Our 
findings, consistent with those of another study[7], demonstrate that there is no significant difference 
between the two stages. The invasion pattern of the capsule may provide a more accurate prediction of 
prognosis in MCN-AIC patients than stage classification. The notion of encapsulated invasion is not 
included in the MCN-AIC classification and guidelines, and the terminology varies somewhat across 
various research efforts. We adopted the term from the most recent publication[7]. The results of 
multiple studies have demonstrated that the prognosis is favourable when the invasion is confined to 
the capsule, and patients with encapsulated invasion exhibit a better survival rate than those with 
extracapsular invasion. Recurrence has been reported in one of sixteen cases of MCN-AIC confined to 
the OTS, and the probability of widespread invasion cannot be ruled out because of the minimal 
quantity of tumour sampled in this case[35]. It has been claimed that encapsulated MCN-AIC has a 
tumour-free survival rate that is comparable to that of noninvasive MCNs[7]. Our findings revealed that 
all patients with encapsulated invasion survived, while those with extracapsular invasion died 
regardless of whether MCN-AIC was stage IA or stage IB. It is recommended that MCN-AIC patients 
undergo standardized surveillance based on pancreatic cancer guidelines for 5 years after surgery[4]. 
During monitoring for stage I MCN-AIC, it seems that patients with extracapsular infiltration should be 
prioritized.

For patients with resected pancreatic cancer, the current standard of care mandates the adminis-
tration of either a modified FOLFIRINOX (mFOLFIRINOX) or a gemcitabine-based regimen, provided 
that no contraindications are present[40]. However, limited research has been conducted on the benefits 
and risks of adjuvant treatment for stage I PDAC, which represents a small proportion of all resectable 
cases[41]. A study based on the NCDB database indicated that none of the patients with stage IA PDAC 
had to receive adjuvant treatment following resection, as the side effects and economic costs substan-
tially outweighed the benefits[42]. Despite inadequate data to support this approach, current guidelines 
advocate adjuvant treatment for MCN-AIC patients comparable to that for patients with PDAC[18]. The 
role of adjuvant treatment in treating MCN-AIC patients after surgery, particularly for stage I tumours, 
remains unclear. Two of three patients with stage IA MCN-AIC did not receive adjuvant treatment after 
surgery, and none of them experienced disease recurrence or death[43]. Of the patients with tumours 
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who did not receive adjuvant therapy, seven recovered from stage IA and 1 died from stage IB MCN-
AIC[7]. These reported cases could be defined as “encapsulated invasion” based on the definition. 
Patients with stage IA MCN-AIC (T1a and T1b) seem to have the same favourable prognosis as those 
with LGD or HGD, particularly in the absence of extracapsular invasion. In our research, three IA 
patients and one IB patient with tumours confined to the capsule did not receive adjuvant treatment and 
survived, while those with extracapsular infiltration died regardless of whether adjuvant therapy was 
offered. Diligent monitoring might be preferred over intensive systemic therapy for stage I MCN-AIC 
with encapsulated invasion.

MCNs are known to harbour gene mutations associated with PDAC, as they are precursor lesions of 
cancer[17]. However, the genetic pathways underlying IPMNs and MCNs are distinct from one another. 
The most prevalent and early genetic event in IPMN and MCN carcinogenesis is the KRAS mutation
[44], which is present in 30% of MCNs, whereas the GNAS mutation is almost nonexistent[45,46]. In 
contrast, the combined detection of KRAS and GNAS mutations exhibits 100% sensitivity for IPMNs
[46]. The decreased frequency of genetic mutations in MCNs compared to IPMNs partly explains why 
MCNs have a lower probability of malignant transformation. Other mutations, including TP53, PIK3CA, 
PTEN, CDKN2A, and SMAD4, have also been described in MCNs but only in advanced stages[47,48]. 
KRAS mutation could be detected in all phases of MCNs and increased with the degree of dysplasia. 
Sawai et al[49] discovered KRAS mutations in 19% of LGD and 100% of HGD cases, whereas TP53 and 
CDKN2A mutations were exclusively observed only in HGD cases. Gene sequencing may aid in the 
early identification and tailored treatment of MCNs.

This study was subject to several limitations. First, it was a retrospective study that only included 
patients who underwent surgical resection and were pathologically confirmed to have MCNs, which 
may result in selection bias. Second, the rarity of MCNs limited the sample size, leading to a large 
confidence interval that may have hindered statistical analysis. Third, the MRI/EUS results were based 
on previous CT information, potentially affecting the interpretation of imaging results. Therefore, 
further multicentre and large-scale studies are needed to explore the clinical, pathological, imaging, and 
biological behaviours of MCNs.

CONCLUSION
In conclusion, this study involved analysing data from 48 patients who underwent complete resection of 
MCNs. The incidence of malignant MCNs was low, and the specific risk factors for malignancy were 
age, tumour size, presence of solid components or mural nodules, and duct dilatation. The prognosis of 
stage I MCN-AIC was closely related to encapsulated invasion, and complete surgical excision alone or 
in combination with postoperative treatment may be a viable option for invasive masses confined 
within the capsule.

ARTICLE HIGHLIGHTS
Research background
Mucinous cystic neoplasms (MCNs) are recognized as precursor lesions of pancreatic cancer. Despite 
their rarity, the detection of MCNs is on the rise due to advancements in preoperative imaging 
techniques. Thus, there is a pressing need to increase our knowledge of MCNs to ensure that patients 
receive the most appropriate treatment decisions.

Research motivation
An inadequate understanding of MCNs can hinder the treatment of patients, underscoring the 
importance of research on MCNs.

Research objectives
To investigate the risk factors for malignancy in MCNs and the prognostic factors associated with MCN-
associated invasive carcinoma (MCN-AIC) to advance our comprehension of this uncommon tumour.

Research methods
This study involved a retrospective analysis of clinical and pathological data, imaging records, and 
outcomes of patients diagnosed with MCNs at our research centre over a 10-year period. We then 
investigated the risk factors for malignancy in MCNs and the prognostic factors associated with MCN-
AIC.

Research results
A total of 48 patients with MCNs, accounting for 2.8% of pancreatic lesions resected during the study 
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period, were included in this study. Among these patients, 36 had benign MCNs, while 12 had 
malignant MCNs. We conducted a comparative analysis of clinical and imaging features and discovered 
that age, tumour size, solid components or wall nodules, and pancreatic duct dilation were significantly 
associated with malignancy. Subsequently, we performed a prognostic analysis of malignant MCNs and 
observed that all malignant MCNs in our study were at stage I, and extracapsular invasion was 
identified as a significant prognostic factor for poor outcomes.

Research conclusions
Age, tumour size, solid components or wall nodules, and pancreatic duct dilation were independent 
risk factors associated with malignancy in MCN. In addition, extracapsular invasion was indicative of 
poor prognosis of MCN-AIC.

Research perspectives
The aim of this study was to enhance the management of MCN, a rare disease, by utilizing patient 
information from our research centre and conducting research from both preoperative and 
postoperative perspectives. We hope that this study can provide valuable insights into the management 
of MCNs.
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