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CASE REPORT
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Abstract
Serous cystic neoplasm (SCN) is a potentially malignant and invasive disease. However, there are no established guidelines 
regarding the surgical management of SCN. Here, we report a case of SCN with jejunal invasion that ultimately required 
a distal pancreatectomy with partial resection of the jejunum. The patient was a 65-year-old female who was referred to 
our department after a diagnosis of SCN in the pancreatic tail. CT and MRI showed a 75-mm multifocal cystic mass with 
calcifications; the splenic vein and left adrenal vein were entrapped within the tumor. Furthermore, the tumor was in contact 
with the beginning of the jejunum. Finally, she underwent a posterior radical antegrade modular pancreatosplenectomy with 
a partial wedge-shaped resection of the jejunum. Histological findings indicated serous cystadenoma. In addition, the tumor 
cells were found to have infiltrated the jejunal muscularis propria in some areas, suggesting that the tumor had malignant 
potential. Currently, 14 months have passed since surgery and there is no evidence of metastasis or recurrence. Surveil-
lance and the decision to perform surgical resection should be made based on tumor size and growth rate to avoid malignant 
transformation as well as to provide SCN patients with organ-sparing, less invasive surgery.
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Abbreviations
SCN	� Serous cystic neoplasm
EUS	� Endoscopic ultrasonography
PAS	� Periodic acid Schiff
d-PAS	� Diastase-periodic acid Schiff
IPMN	� Intraductal papillary mucinous neoplasm
MCN	� Mucinous cystic neoplasm

Introduction

Serous cystic neoplasm (SCN) accounts for 1–2% of all pan-
creatic tumors and is one of the most frequently encountered 
cystic tumors in a real clinical setting [1]. Though it is a 

slow-growing benign lesion [2, 3], it has the potential of 
transforming into a malignant mass [4, 5]. Nonetheless, the 
malignancy of SCN accounts for < 1% of all SCN [6–10]. 
Thus, SCN should be followed up with the possibility of 
surgical resection in mind. However, there are no established 
guidelines regarding the surgical management of this poten-
tially malignant disease.

In real-world clinical practice, surgical resection may 
be indicated in cases that are difficult to distinguish from 
malignant tumors, that are symptomatic, or have a tendency 
to grow [11, 12]. Furthermore, unlike other benign pancre-
atic tumors, SCN can become invasive to surrounding tis-
sues [13, 14]. This unique unfavorable characteristic further 
complicates the surveillance of SCN. Here, we report a case 
of SCN with the jejunal invasion that ultimately required a 
distal pancreatectomy with a partial resection of the jeju-
num. We also retrospectively evaluated the optimal timing 
of the surgery in this case and explored what tips might lead 
to generalization of surgical management for SCN.
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Case report

The patient was a 65-year-old female who was referred 
to our department after a diagnosis of SCN in the pan-
creatic tail. She had no relevant family history of pancre-
atic disease. She had undergone an appendectomy after 
suffering from appendicitis, an oophorectomy for ovarian 
cysts, a total hysterectomy due to endometriosis, a chol-
ecystectomy related to cholelithiasis, and a pituitary cyst. 
In November 2016, she received a computed tomography 
(CT) scan as part of an examination for suspected pri-
mary aldosteronism. The CT revealed an unanticipated 
35-mm cystic mass with calcification in the pancreatic 
tail. She was referred to another department at our institu-
tion and she underwent endoscopic ultrasonography (EUS) 
(Fig. 1), after which she was diagnosed with pancreatic 
SCN. Subsequently, she had regular follow-up CT scans 
in that department. Due to the fact that the tumor size was 
gradually increasing, she was referred to our department 
in February 2021.

At the time of the initial consultation with our depart-
ment, there was no chief complaint. The abdomen was 
flat and soft, and no mass was palpable. Blood tests were 
within normal limits, including tumor markers, serum 
carbohydrate antigen 19–9 (CA19-9), and carcinoem-
bryonic antigen (CEA). CT showed a 75-mm multifocal 
cystic mass with calcifications in the pancreatic tail. It also 
showed that the splenic vein and left adrenal vein were 
entrapped within the tumor. Furthermore, the tumor was in 
contact with the left renal artery and the beginning of the 

jejunum. There were no findings suggestive of lymph node 
metastasis or distant metastasis (Fig. 2). Abdominal mag-
netic resonance imaging (MRI) also confirmed this multi-
focal cystic mass in the pancreatic tail. The mass extended 
into the left perirenal region and was found to be in contact 
with the left renal vein (Fig. 3). Positron emission tomog-
raphy CT (PET–CT) showed an accumulation of standard-
ized uptake value (SUV) max 4.0 at the lesion site. There 
were no findings suggestive of lymph node metastasis or 
distant metastasis (Fig. 4). Tumor biopsy using EUS was 
not performed. Based on the above aggressive findings, 
we could not deny the malignant potential and arranged to 
perform a distal pancreatectomy with splenectomy.

As for the surgical findings, an 80-mm multifocal cystic 
mass was found in the pancreatic tail. There were no swell-
ing lymph nodes, peritoneal nodules, or liver tumors, sug-
gestive of metastasis. The tumor surface was relatively 
smooth, and the cysts contained serous fluid. The tumor was 
close to the left renal artery and vein, but these vessels could 
be preserved. In contrast, the splenic and left adrenal veins 
had been invaded by the tumor, requiring a posterior radical 
antegrade modular pancreatosplenectomy. The tumor was 
also suspected to be invading the jejunum near the Treitz 
ligament, requiring a partial wedge-shaped resection of the 
jejunum. The operation time was 295 min, and the blood 
loss was 295 g. There were no severe postoperative compli-
cations exceeding Grade 2 of the Clavien–Dindo classifica-
tion, and the patient was discharged on postoperative day 
11. Since then, she has been followed up without postop-
erative adjuvant chemotherapy. Currently, 14 months have 

Fig. 1   Endoscopic ultrasonog-
raphy. a, b EUS revealed a 
23 × 23 mm low-isoechoic mass, 
with clusters of microcysts, in 
the pancreatic body. The area 
around the mass was circum-
scribed and hypoechoic, and the 
mass had a clear border with its 
surroundings. c The interior of 
the mass was rich in blood flow 
with small cysts
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passed after surgery, and there is no evidence of metastasis 
or recurrence.

As for the histological findings, the tumor was located in 
the tail of the pancreas and measured 62 × 40 mm. It was a 
serous tumor covered with a fibrous capsule composed of 
small cysts. Histological findings showed small and large 
cystic lesions, and the cyst walls were lined with one layer 

of tumor cells with clear to granular pink cytoplasms. In 
the cytoplasms of the tumor cells, glycogen was found to be 
positive for PAS staining and negative for d-PAS staining, 
and the cytoplasms were positive for α-inhibin. Since there 
was no evidence of distant metastasis on clinical examina-
tion, we diagnosed it as serous cystadenoma, in accordance 
with the 2010 WHO definition [9]. Although a large portion 

Fig. 2   A contrast-enhanced 
computed tomography image at 
the time of the initial consulta-
tion with our department. a 
(coronal veiw) The splenic 
vein was entrapped within the 
tumor (arrowhead). b (coronal 
veiw) Contact with left renal 
vein (arrowhead). c (coronal 
veiw) The left adrenal vein was 
entrapped within the tumor 
(arrowhead). d (sagittal veiw) 
Contact with the beginning of 
the jejunum (arrowhead). Com-
pared to the non-invasive area, 
the honeycomb structure of 
the invasive area was indistinct 
(circle)

Fig. 3   Magnetic resonance 
imaging. a T2-weighted image 
showed a 40-mm multifocal 
cystic mass, suspected to be a 
microcystic type SCN. (January 
2017) b T2-weighted image 
showed a 69-mm multifocal 
cystic mass (yellow arrow). The 
border between the tumor and 
the left kidney was clear (yellow 
arrowhead). (November 2020)
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of the tumor was confined to the pancreatic parenchyma, 
tumor cells were found to have infiltrated the jejunal mus-
cularis propria in some areas, suggesting that the tumor had 
malignant potential (Fig. 5).

Discussion

Pancreatic SCNs have extremely low malignancy poten-
tial. Thus, usually, they can be controlled through periodic 
surveillance, which means they do not commonly man-
date surgical resection unless they exhibit aggressiveness 
or unspecific characteristics that hinder accurate diagnosis 
[15, 16]. According to a nationwide survey in Japan, surgical 
resection should be considered (1) when differentiation from 
other neoplasms such as IPMN, MCN, endocrine tumor, and 
pancreatic cancer is difficult; (2) when the patient has symp-
toms or mass effects in the main pancreatic duct; and (3) 
when the tumor size is large or increasing [11]. In our case, 
differentiation from other neoplasms with malignant poten-
tial was not difficult. In addition, our case had no symptoms 
or mass effects on the main pancreatic duct. The indication 
of surgical resection was determined by size-related issues.

Regarding the indication of surgical resection during 
SCN surveillance, there are some reports discussing size-
related issues based on several aspects. In a review of 24 
cases of serous cystic carcinoma of the pancreas by Watan-
abe et al., the average maximum tumor diameter was 7.7 cm, 
which is larger than the average for all SCN [11]. These 
results suggested that a larger tumor diameter is linked with 
a higher possibility of malignancy. In short, we need to rec-
ognize the association between tumor size and malignant 
transformation. Next, there are reports on the relationship 

between tumor size and symptoms. It has been noted that 
tumor diameters greater than 4 cm are more likely to affect 
the main pancreatic duct. Some authors reported that surgery 
is indicated for tumors 4 cm in diameter or larger because 
symptomatic cases are more frequent [17]. Too much 
emphasis may have been placed on post-diagnostic surveil-
lance, mass size, and extraneous symptoms with this case, 
which may have led to insufficient attention to the unique 
extrapancreatic invasion of this benign tumor. Surgery was 
performed before malignancy could develop; however, that 
meant subjecting the patient to a more invasive procedure 
than anticipated.

Regarding the relationship between tumor size and extra-
pancreatic invasion, the Johns Hopkins Medical Institu-
tions have prepared a thought-provoking report [18]. In an 
analysis of 257 pathologically confirmed SCN patients who 
underwent surgical resection, thirteen tumors (5.1%) (mean 
size 10.5 cm) showed extrapancreatic invasion. Multivari-
ate analysis showed that tumor diameter and location of the 
tumor in the pancreatic head were independently associated 
with extrapancreatic invasion.

Additionally, the relationship between tumor size and the 
annual tumor growth rate should be considered in the man-
agement of patients with SCN. Tseng et al. reported that the 
median growth rate in patients with pancreatic serous cys-
tadenoma was 0.60 cm/year. Most notably, for tumors < 4 cm 
at presentation, the rate was 0.12 cm/year, whereas for 
tumors ≥ 4 cm, the rate was 1.98 cm/year (p = 0.0002) [19]. 
Similar to that report, our case demonstrated an increas-
ing tumor growth rate in proportion to the tumor size. Spe-
cifically, the rate was 4 mm/year at 4 cm or less, 6 mm/
year at 4–5 cm, and 20 mm/year at 5 cm or more (Fig. 6). 
Imaging findings at 4 cm showed no obvious invasion into 
other organs. This retrospective evaluation of our present 
case suggested that extrapancreatic invasion was established 
during the rapid enlargement period. These findings suggest 
to us that the tumor growing to the size of 4 cm might have 
signaled the optimal timing for surgical intervention in this 
case.

Furthermore, we retrospectively evaluated the relation-
ship between tumor growth rate and tumor size of all sur-
gically resected SCN cases in our department. The scatter 
plot was generated using Microsoft Excel based on 31 CT 
examinations of 11 cases (Fig. 7). Figure 7 shows that the 
tumor growth rate positively varied depending on the tumor 
size. Notably, we found an exponential increase in tumor 
growth rate after the tumor diameter exceeded 4 cm. The 
data suggest that it would be appropriate to perform an imag-
ing examination once a year when the tumor is less than 
4 cm in diameter. For SCN cases larger than 4 cm, surgical 
intervention or semiannual imaging studies are considered 
appropriate. Although further data accumulation is needed 
to set a definitive cutoff diameter, we should recognize that 

Fig. 4   Positron emission tomography–computed tomography. PET–
CT showed an accumulation of SUVmax 4.0 at the lesion site. There 
were no findings suggestive of lymph node metastasis or distant 
metastasis
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larger tumors appear to have a faster growth rate than smaller 
tumors. Our cases also suggest the need for varying sur-
veillance intervals according to tumor size, regardless of 
symptoms.

CT scan is a common modality for SCN surveillance. CT 
is useful to search for distant metastases and lymph node 
metastases while maintaining high reproducibility and 
objectivity. However, for situations resembling the present 
case, CT follow-up is potentially insufficient for evaluation 
of local invasion. It is possible that local invasion into the 
jejunum and large vessels could have been spotted earlier if 
surveillance had been performed by EUS. Even though EUS 
is not a common modality for SCN surveillance at present, in 

combination with CT, EUS could achieve a stricter level of 
surveillance, at least in patients with SCN over 4 cm in size.

Microcystic type SCN is generally characterized by a 
honeycomb appearance on CT or MRI. The SCN in this case 
was diagnosed as a microcystic type SCN based on imag-
ing findings of clusters of microcysts. However, notably, it 
was relatively rich in parenchyma cells in the invasive area 
based on the initial examination on CT and MRI, and the 
honeycomb appearance seemed to disappear as time passed. 
In contrast, no trend of disappearance of the honeycomb 
structure was evident in the non-invasion areas. Although we 
cannot draw conclusions based solely on the experience of 
this case, the trend toward loss of honeycomb structure may 

Fig. 5   Pathology specimen. a Gross cross section of the pancreatic 
body. The neoplasm is well-demarcated, composed of small cysts 
accompanied by a white fibrotic scar toward the center of the tumor. 
Gross findings did not reveal any invasion into the jejunum, but his-
tology showed invasion of tumor cells into the jejunal muscularis 
propria (arrowhead). b The tumor is polycystic, and the cysts contain 
proteinaceous fluid (scale bar 500  μm). c Cuboidal tumor cells line 
the lumen of the cyst, and some show low papillary growths (scale 
bar 100 μm). PAS staining (d) and d-PAS staining (e) highlight the 

abundant glycogen (scale bar 100  μm). f The cytoplasm was posi-
tive for α-inhibin (scale bar 100 μm). g Tumor cells directly infiltrate 
into the jejunal muscularis propria (arrowhead) (scale bar 200 μm). 
h Immunostaining (desmin) stains the jejunal muscularis propria and 
confirms tumor cell infiltration in the jejunal wall (arrow) (scale bar 
200 μm). i Tumor cells have clear to eosinophilic cytoplasm and form 
cysts. There is no histologic difference between the primary and the 
invasive lesion. (scale bar 100 μm)
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reflect invasiveness. Due to the relatively rare nature of the 
disease, it is not easy to establish an evidence-based strategy 
for SCN. Thus, to provide better surveillance and treatment 
strategy, it is important to accumulate valuable findings such 
as what has been uncovered in the present case.

Conclusion

We herein report a case of SCN with jejunal invasion that 
ultimately required a distal pancreatectomy with partial 
resection of the jejunum. Surveillance and the decision to 
perform surgical resection should be made based on tumor 
size and growth rate to avoid malignant transformation as 
well as to provide organ-sparing, less invasive surgery for 
SCN patients.

Fig. 6   Tumor growth rate in this case. (coronal veiw) a (33 mm), b 
(35 mm), c (37 mm): 4 cm or less: 4 mm/year. d (40 mm), e (43 mm), 
f (46 mm): 4–5 cm: 6 mm/year. g (54 mm), h (84 mm): 5 cm or more: 
20 > mm/year. Yellow arrowhead indicates the tumor. The contrast 

effect at the border with the small intestine (yellow arrow) becomes 
indistinct around figure e, which is over 4 cm, suspicious for jejunal 
invasion
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Fig. 7   Annual tumor growth rate of surgically resected SCNs in our 
institution. Quadratic curve plotting the annual tumor growth rate 
based on tumor diameter for SCN surgery cases in our department. 
The scatter plot was generated using Microsoft Excel based on 31 
CT examinations of 11 cases. The vertical axis is the annual tumor 
growth rate (mm/year) and the horizontal axis is the tumor diameter 
(mm). The growth rate is approximately 5  mm/year up to a tumor 
diameter of 40  mm, after which the growth rate increases expo-
nentially. The difference in slope of the curve was about twofold as 
y’ = 0.33 at x = 45 mm and y’ = 0.17 at x = 35 mm
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