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Abstract. Mucinous cystic neoplasm (MCN) is a premalignant 
cystic tumor of the pancreas. Resection of MCN in the distal 
pancreas is a standard treatment; however, at present, there is 
no consensus on the necessity or extent of lymph node dissec‑
tion, and minimally invasive pancreatectomy is commonly the 
preferred surgical technique. Thus, the present study aimed 
to assess the efficacy of minimally invasive surgery and the 
extent of lymph node metastasis as factors in determining an 
appropriate surgical treatment for MCN. The present study 
retrospectively analyzed 21 consecutive patients who under‑
went distal pancreatectomy (DP) for MCN under general 
anesthesia at Chiba University Hospital (Chiba, Japan) between 
April 2011 and July 2019. All 21 patients were female. DP with 
a splenectomy was performed in all the patients. A total of 
14 patients underwent laparoscopic DP (LDP). No lymph node 
metastasis was found in any of the patients. The minimally 
invasive surgery group had lower operative blood loss and a 
shorter hospital stay than the open surgery group. There was no 
significant difference in the number of dissected lymph nodes 
between the open surgery group and the minimally invasive 
surgery group. Preoperative findings of malignancy in MCN 
included solid components on enhanced CT and endoscopic 
ultrasonography, high carbohydrate antigen 19‑9 values and 
large tumor size. In conclusion, DP with spleen preservation, 
which is minimally invasive, may be preferentially considered 

as a surgical technique for MCN without malignant findings 
because lymph node metastases are rare in MCN and were not 
observed in the present study.

Introduction

Mucinous cystic neoplasm (MCN) is defined as a mucin‑
producing, septate cyst having a distinctive, ovarian‑type 
stroma and arising from an epithelial neoplasm in the pancreas. 
Because MCN is also a premalignant cystic tumor, resection is 
routinely considered (1,2).

The invasive carcinoma incidence in MCN varies between 
6 and 36% (3‑8). This fact raises the question of whether a 
surgical resection with a splenectomy should be done for 
lymph node dissection, considering the high risk of surgical 
morbidity and mortality (9). In the European consensus 
statement, a pancreas‑ and/or spleen‑preserving procedure 
for MCN without signs of malignancy may be performed by 
experienced surgeons because lymph node metastases are rare 
in MCN (10). The International Association of Pancreatology 
(IAP) guidelines recommend parenchyma‑sparing resection 
(i.e., middle pancreatectomy) and distal pancreatectomy 
(DP) with spleen preservation as options in patients with 
MCN without malignant findings, such as tumor size <4 cm 
without mural nodules (1). In addition, laparoscopic pancre‑
atectomies have come to be widely performed as a minimally 
invasive form of surgery. The IAP guidelines also recommend 
laparoscopic pancreatectomy for MCN (1).

Previous studies have reported factors predictive of 
malignancy in MCN. Park et al (11) reported that tumor size 
>30 mm, mural nodules on enhanced computed tomography 
(CT), and an elevated serum carbohydrate antigen 19‑9 
(CA19‑9) concentration were significant predictors of malig‑
nancy. Le Baleur et al (12) also revealed that preoperative CT 
detection of a mural nodule within a cystic pancreatic neoplasm 
and a tumor diameter >40 mm strongly suggested malignancy.

The relationship between these predictors and lymph node 
metastasis in MCN has not been examined. Several studies 
reported that MCN involved no lymph node metastases (13,14). 
Moreover, other studies reported no recurrence besides inva‑
sive cystadenocarcinoma in patients with MCN (15,16). Thus, 
lymphadenectomy may not be necessary in cases of MCN 
without any of these predictors.
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We aimed herein to assess the benefits of minimally 
invasive surgery for MCN. We also tried to identify the preop‑
erative radiological indicators of malignancy and lymph node 
involvement based on our experience.

Materials and methods

Patients and data collection. Twenty‑one, consecutive patients 
who underwent DP for MCN at Chiba University Hospital 
between April 2011 and July 2019 were included. The patients' 
data were retrieved from prospectively maintained data‑
bases and included baseline patient characteristics, such as 
demographic data, preoperative risk factors, co‑morbidities, 
intraoperative characteristics, and postoperative outcomes.

Preoperative assessment and treatment and pathological 
analysis. All the patients were routinely examined with 
enhanced CT and endoscopic ultrasonography (EUS) except 
one patient who was pregnant and received only plain CT and 
magnetic resonance imaging (MRI). Tumors were categorized 
according to the WHO classification (17). The preoperative 
enhanced CT and EUS images were assessed for evidence of 
wall calcification, multilobular findings, mural nodules, wall 
thickness, dilatation of the main pancreatic duct, communi‑
cation with the main pancreatic duct, signs of pancreatitis, 
regional lymph node swelling, increased fat weave concentra‑
tion, and vascular invasion. Wall calcification was defined 
as a high attenuation lesion in the cyst wall on non‑contrast 
CT; multilobularity was defined by the contours of the cyst; 
mural nodules were defined as solid nodules ≥5 mm on CT 
or EUS; wall thickness was defined by the thickest point on 
CT or EUS; pancreatic duct dilatation was defined as a duct 
diameter >3 mm on CT and EUS; pancreatic duct communica‑
tion was defined as continuity between the cyst and the main 
pancreatic duct on endoscopic retrograde cholangiopancrea‑
tography, magnetic resonance cholangiopancreatography or 
CT; pancreatitis was defined as peripancreatic infiltration or 
fluid collection on CT; and regional lymph node swelling was 
defined as a swelling >10 mm on CT, MRI or EUS. 

Postoperative pancreatic fistulas (POPF) were assessed 
using the International Study Group for Pancreatic Fistula 
definition (18).

Experienced pathologists reviewed all the surgical speci‑
mens and slides to confirm the presence of a mucin‑producing, 
columnar epithelium supported by an ovarian stroma. The 
7th Union for International Cancer Control classification was 
used for the pathologic evaluation of the specimens.

All the surgical procedures were performed after obtaining 
the patients' informed consent. The study was conducted in 
accordance with the guidelines of the Helsinki Declaration 
and was approved by the Chiba University Human Research 
Committee.

Statistical analysis. Categorical variables were expressed as 
a number (%) and were compared using Fisher's exact test. 
Continuous variables were expressed as the median (interquar‑
tile range [IQR)]) and were compared using Wilcoxon's rank 
sum test P<0.05 was considered statistically significant. All 
statistical analyses were performed using the commercially 
available software JMP® 13 (SAS Institute Inc., Cary, NC, USA).

Results

Patient demographics and clinical presentations. Twenty‑one 
patients were enrolled. Table I summarizes their demographic 
and clinical characteristics. All the patients were female, with 
a median age of 47 years (IQR: 38‑62 years). The operative 
procedures included ODP in six patients, ODP with celiac axis 
resection in one patient, hand‑assisted laparoscopic DP (HALS) 
in three patients, LDP in nine patients, and robot‑assisted DP 
(RDP) in two patients. A splenectomy was performed in all the 
patients. The surgical procedures did not differ significantly 
between the benign and malignant groups. There were no 
operative deaths, and no patient required re‑operation while 
hospitalized. Five patients had POPF grade B or higher. Lymph 
node dissection was performed in all patients, with a median 
number of lymph nodes dissected of 15.0 (IQR: 12.0‑24.5). 
None of the patients had a lymph node metastasis. 

The pathological findings demonstrated a mucinous cystic 
adenoma in 17 patients (81.0%), a mucinous cystadenocarci‑
noma (non‑invasive) in three patients (13.6%), and a mucinous 
carcinoma (invasive) in one patient (4.5%).

Comparison of clinical features between the open and 
minimally invasive surgery groups. The demographic data 
were compared between the open and the minimally inva‑
sive surgery groups, including the patients who underwent 
laparoscopic DP, robot‑assisted DP or HALS‑DP. The mini‑
mally invasive surgery group showed a lower malignancy 
rate (0% vs. 57.1%; P=0.006) and lower operative blood loss 
(82.5 ml vs. 525.0 ml; P=0.044) than the open surgery group. 
Additionally, the minimally invasive surgery group tended to 
have a lower preoperative CA19‑9 level, smaller tumor size, 
and shorter hospital stay. There was no significant difference 
in the number of dissected lymph nodes between the open 
surgery group and the minimally invasive surgery group 
(16.0 vs. 15.0; P=0.708) (Table II).

Comparison of clinical features between the benign and 
malignant tumor groups. Table III compares the clinical 
features of the benign and malignant tumor groups. Patients 
with benign postoperative pathological findings had a lower 
preoperative CA19‑9 value (8.4 U/ml vs. 241.8 U/ml, P=0.008 
and smaller tumor size (45.0 mm vs. 95.0 mm, P = 0.009) than 
the patients with malignant postoperative pathological findings. 

The malignant group had a significantly higher frequency 
of solid components on EUS and enhanced CT than the benign 
group. The malignant group also had a higher frequency of 
increased fat weave concentration and vascular invasion find‑
ings on CT. There was no significant difference between the 
groups in terms of preoperative symptoms, wall calcification, 
multilobular findings, mucin balls, wall thickness, dilatation 
of the main pancreatic duct, communication with the main 
pancreatic duct or pancreatitis. There was also no significant 
difference in the number of dissected lymph nodes between 
the malignant and the benign groups (22.0 vs. 15.0; P=0.324). 
In comparison to the benign group, the malignant group 
showed significantly more median intraoperative bleeding, a 
higher POPF rate, and a longer median length of hospital stay 
(1,102.5 ml vs. 50.0 ml, P<0.001; 75.0% vs. 11.8%, P=0.008; 
36.0 days vs. 14.0 days, P=0.007, respectively) (Table III).
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Follow‑up and survival. The median postoperative follow‑up 
duration of the 21 MCN patients was 77.6 months (IQR: 
50.2‑90.1 months). During the follow‑up, one patient experi‑
enced a recurrence. The patient had diarrhea as a preoperative 
symptom and high CA19‑9 value (238.5 U/ml). She presented 
a 45 mm, cystic, multilobular tumor with a solid component in 
the pancreatic tail, increased fat weave concentration, vascular 
invasion findings, and lymph node swelling on enhanced CT. 
A liver metastasis and local recurrence developed one year 
after the primary resection, and the patient died 27.7 months 
after the primary resection. Histological examination found 

no lymph node metastasis, suggesting that lymph node dissec‑
tion would not have prevented tumor recurrence. The five‑year 
overall survival rate of all the patients was 95.2%.

Discussion

In the present series, none of the patients had lymph node 
metastasis. The IAP guidelines recommend DP with spleen 
preservation for patients with MCN <4 cm without mural 
nodules (1). Interestingly, ovarian mucinous neoplasms show 
similar biological behavior as MCN and have clearly different 

Table I. Patient demographics and clinical presentations (n=21).

Variables Value

Median age, years (range) 47.0 (37.5‑62.0)
Sex, n (female/male) 21/0
Median preoperative CEA level, ng/ml (range) 1.3 (1.0‑2.1)
Median preoperative CA19‑9 level, U/ml (range) 11.5 (6.6‑79.1)
Median tumor size, mm (range) 47.0 (32.5‑77.5)
Surgical method, n (ODP/DP‑CAR/HALS DP/LDP/RDP) 6/1/3/9/2
Median operative time, min (range) 292.0 (241.5‑340.5)
Median blood loss, ml (range) 130.0 (0.0‑477.5)
POPF, n (no POPF or BL/Grade B or C POPF) 16/5
Median length of hospital stay, days (range) 19.0 (12.0‑28.0)
Histological grade, n (adenoma/malignancy) 17/4
Median number of dissected lymph nodes (range) 15.0 (12.0‑24.5)
Pathological lymph node metastasis, n (positive/negative) 0/21

No POPF, BL, Grade B POPF and Grade C POPF were classified according to the International Study Group of Pancreatic Surgery 2016 
pancreatic fistula criteria. CEA, carcinoembryonic antigen; CA19‑9, carbohydrate antigen 19‑9; ODP, open distal pancreatectomy; DP‑CAR, 
ODP with celiac axis resection; LDP, laparoscopic distal pancreatectomy; HALS DP, hand‑assisted laparoscopic surgery distal pancreatectomy; 
RDP, robot‑assisted DP; POPF, postoperative pancreatic fistula; BL, biochemical leak.

Table II. Comparison of clinical features between the open and minimally invasive surgery groups.

Variables LDP/RDP (n=14) ODP (n=7) P‑value

Median age, years (range) 44.0 (35.3‑58.8) 60.0 (44.0‑76.0) 0.073
Median preoperative CEA level, ng/ml (range) 1.2 (1.0‑2.0) 1.6 (1.3‑2.3) 0.287
Median preoperative CA19‑9 levels, U/ml (range) 8.2 (4.7‑28.4) 114.9 (18.4‑245.1) 0.079
Median tumor size, mm (range) 42.5 (20.0‑73.8) 60.0 (45.0‑130.0) 0.065
Median operative time, min (range) 296.5 (264.3‑337.3) 240.0 (183.0‑423.0) 0.382
Median blood loss, ml (range) 82.5 (0.0‑225.0) 525.0 (40.0‑1260.0) 0.044
POPF, n (no POPF or BL/Grade B or C POPF) 12/2 4/3 0.280
Median length of hospital stay, days (range) 13.5 (11.8‑24.3) 22.0 (20.0‑41.0) 0.105
Histological grade, n (adenoma/malignancy) 14/0 3/4 0.006
Median number of dissected lymph nodes (range) 15.0 (12.5‑24.3) 16.0 (10.0‑29.0) 0.708
Pathological lymph node metastasis, n (positive/negative) 0/14 0/7 ‑

Categorical variables are presented as a number and were compared using Fisher's exact test. Continuous variables are presented as the median 
(interquartile range) and were compared using Wilcoxon's rank sum test. P<0.05 was considered to indicate a statistically significant difference. 
No POPF, BL, Grade B POPF and Grade C POPF were classified according to the International Study Group of Pancreatic Surgery 2016 pancre‑
atic fistula criteria. LDP, laparoscopic distal pancreatectomy; RDP, robot‑assisted distal pancreatectomy; ODP, open distal pancreatectomy; 
CEA, carcinoembryonic antigen; CA19‑9, carbohydrate antigen 19‑9; POPF, postoperative pancreatic fistula; BL, biochemical leak.
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clinicopathologic characteristics to other ovarian histo‑
types (19‑21). Ovarian mucinous carcinomas usually spread 
to the peritoneum and other organs via the bloodstream, but 
lymph node metastases were reported in fewer than 10% of the 
cases (22,23). Our experiences also suggest that a splenectomy 
for lymph node dissection, which may cause thromboembo‑
lisms or infectious complications, is unnecessary for MCN. 
Post‑splenectomy infections are potentially severe, and 
post‑splenectomy thrombosis causes complications involving 
both the vena cava system (deep‑vein thrombophlebitis, pulmo‑
nary embolism) and the portal system, both of which have 
the potential to become life‑threatening. For these reasons, 
we suggest avoiding a splenectomy for MCN except in cases 
where the tumor is near the splenic vessels or has invaded them. 
Although SPDP is technically more difficult than DP, previous 
reports have proven the safety and usefulness of SPDP, at least 
in the facilities familiar with this technique (24). Therefore, 
SPDP in a high‑volume center is recommended for MCN.

Our study identified three, independent indicators of 
malignancy in MCN: preoperative CA19‑9, tumor size, and 
a solid component on enhanced CT and/or EUS. Compared 
to the benign group, the malignant group had a significantly 
higher frequency of solid component on CT and/or EUS. 
Previous studies revealed that the sensitivity and specificity of 
CT in detecting mural nodules was 60.0‑90.9 and 94.8‑98.0%, 
respectively (11,12). EUS has a sensitivity and specificity of 
70 and 100%, respectively, in detecting a solid component, inva‑
sion outside the pancreas, and a pancreatic duct obstruction that 
is highly indicative of malignancy (25). However, in the absence 
of these findings, the ability of EUS to diagnose a malignancy is 
limited, at an overall sensitivity and specificity of 56 and 45%, 
respectively (26). On the other hand, Postlewait et al (27) showed 
a relatively high lymph node metastasis rate of 34.1%, especially 
for cases with predictive factors for malignancy. In cases with 
those malignant factors, such as high preoperative CA19‑9 level 
or large tumor size, DP with splenectomy is recommended.

Table III. Comparison of clinical features between the benign and malignant tumor groups.

Variables Benign (n=17) Malignant (n=4) P‑value

Median age, years (IQR) 47.0 (37.5‑60.5) 60.0 (37.3‑79.0) 0.228
Symptoms, n (%)   0.146
  Asymptomatic 10 (58.8) 1 (25.0) 
  Nonspecific abdominal pain 6 (35.3) 2 (50.0) 
  Abdominal mass 1 (5.9) 0 (0.0) 
  Diarrhea 0 (0.0) 1 (25.0) 
Median preoperative CEA level, ng/ml (range) 1.2 (0.9‑2.0) 2.0 (1.4‑3.1) 0.084
Median preoperative CA19‑9 level, U/ml (range) 8.4 (6.4‑32.8) 241.8 (145.8‑1958.8) 0.008
Median tumor size, mm (range) 45.0 (25.0‑70.0) 95.0 (48.8‑212.5) 0.009
Solid component on EUS, n (presence/absence) 5/12 3/1 0.021
Solid component on enhanced CT, n (presence/absence) 0/17 3/1 0.003
Wall calcification on enhanced CT and/or EUS, n (presence/absence) 5/12 2/2 0.574
Multilobularity on enhanced CT and/or EUS, n (presence/absence) 13/4 4/0 0.546
Mucin balls on enhanced CT and/or EUS, n (presence/absence) 3/14 0/4 >0.999
Wall thickness on enhanced CT and/or EUS, n (presence/absence) 12/5 3/1 >0.999
Dilatation of main pancreatic duct on enhanced CT and/or EUS, n 3/14 1/3 >0.999
(presence/absence)   
Communication with main pancreatic duct on enhanced CT and/or 2/15 1/3 0.489
EUS, n (presence/absence)   
Pancreatitis on enhanced CT, n (%) 0/17 1/3 0.191
Increased fat weave concentration on enhanced CT, n (%) 0/17 2/2 0.029
Vascular invasion on enhanced CT and/or EUS, n (%) 0/17 2/2 0.029
Median operative time, min (range) 292.0 (238.5‑324.0) 333.0 (240.8‑430.5) 0.235
Median blood loss, ml (range) 50.0 (0.0‑210.0) 1102.5 (630.0‑3817.5) <0.001
POPF, n (no POPF or BL/Grade B or C POPF) 15/2 1/3 0.008
Median length of hospital stay, days (range) 14.0 (11.5‑23.0) 36.0 (22.8‑71.8) 0.007
Median number of dissected lymph nodes (range) 15.0 (12.0‑22.5) 22.0 (11.3‑38.0) 0.324
Pathological lymph node metastasis, n (positive/negative) 0/17 0/4 ‑

Categorical variables are presented as the number (%) and were compared using Fisher's exact test. Continuous variables are presented as 
the median (IQR) and were compared using Wilcoxon's rank sum test. P<0.05 was considered to indicate a statistically significant difference. 
No POPF, BL, Grade B POPF and Grade C POPF were classified according to the International Study Group of Pancreatic Surgery 2016 
pancreatic fistula criteria. IQR, interquartile range; CEA, carcinoembryonic antigen; CA19‑9, carbohydrate antigen 19‑9; EUS, endoscopic 
ultrasonography; CT, computed tomography; POPF, postoperative pancreatic fistula; BL, biochemical leak.
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In the present study, minimally invasive surgery, including 
laparoscopic and robot‑assisted surgery, resulted in less oper‑
ative blood loss and a shorter hospital stay than open surgery 
in DP for MCN, in line with previous findings. Some previous 
studies revealed that laparoscopic surgery provided short‑ and 
long‑term, oncologic outcomes equivalent to those of open 
surgery, including a potentially shorter hospital stay and less 
operative blood loss (28‑30). Moreover, Daouadi et al (31) 
demonstrated that patients in a robot‑assisted surgery group 
did not require conversion to open surgery and had a lower 
risk of excessive blood loss than a laparoscopic surgery group. 
Therefore, endoscopic procedures and DP with spleen preser‑
vation should be considered preferentially for the treatment 
of MCN.

Postlewait et al (32) reported that minimally invasive 
surgery was associated with smaller MCN size. However, as 
with LDP and RDP, HALS‑DP had lower operative blood loss 
and a shorter hospital stay than open surgery, with no increase 
in the complication rate (32). Shinchi et al (33) demonstrated 
that HALS‑DP might have the advantages of laparotomy and 
laparoscopy in the handling of the splenic artery and vein 
just below the mini‑laparotomy site, suggesting that it is more 
accessible and safer than a purely laparoscopic procedure. 
Thus, HALS may be helpful if the tumor is too large for a 
purely laparoscopic operation.

The present study had several limitations: it was retro‑
spective, and the relatively small number of MCN patients 
may have weakened the analyses. Therefore, further research 
enrolling a larger cohort is warranted.

In conclusion, endoscopic procedures and DP with spleen 
preservation may be considered preferentially for the surgical 
treatment of MCN without signs of malignancy and the pres‑
ence of a solid component because lymph node metastases are 
generally rare in such pancreatic MCN. Moreover, minimally 
invasive DP should be considered because of its superior 
operative and oncologic outcomes.
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