
Summary. Background. Solid pseudopapillary
neoplasms (SPN) of the pancreas are a rare and low-
grade malignant entity with a female predominance.
However, it also occurs in males, but the rarity and lack
of concern makes its clinicopathological features
unclarified. 

Methods. The morphological, immunohisto-
chemical, prognostic features and CTNNB1 exon 3
mutation status of SPN were compared semi-quantitively
between 9 male and 21 female patients. 

Results. SPN in males grew in a distinctive solid
pattern, with abundant fibrotic stroma and clear cells.
Collagen tended to be the main component of tumor
stroma in males, while hyaluronan composed a
considerable proportion in females. A much stronger
expression of androgen receptor (AR) was found in
males, and CD56 and/or synaptophysin (Syn) was
expressed frequently in both genders. All patients
survived. One male patient had post-operational liver
nodules and accepted interventional therapy without
biopsy. Mutations of CTNNB1 exon 3 were observed in
all cases, distributed at codon 32, 33 and 37 in both
genders, as well as 34, 41 and 62 in females.

Conclusion. SPN in males presented with
significantly different morphological features from that
in females, which might be helpful in differential

diagnosis, especially when with extensive positivity for
CD56 and/or Syn. The stronger expression of AR in
males might be a clue to explore the underlying
mechanism of the gender difference.
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Introduction

Solid pseudopapillary neoplasms of the pancreas
(SPN) are a rare and low-grade malignant entity,
accounting for 0.17-2.7% of all pancreatic malignancies
(Papavramidis and Papavramidis, 2005). It was firstly
reported by Lichtenstein (Lichtenstein, 1934) in 1934,
and described well by Frantz (1959) in 1959, therefore,
also called Frantz’s tumor. Most SPN were found in
females, and the typical histological feature is the co-
existence of solid and pseudopapillary components to
different degrees, with nuclear positivity of β-catenin in
immunohistochemical (IHC) staining (Bosman et al.,
2010).

However, in previous studies, SPN also occurred in
males with a widely changing incidence (9.7-25.7% of
all SPN cases) (Yang et al., 2008; Lin and Stabile, 2010;
Kang et al., 2014; Kim et al., 2014a,b; Law et al., 2014;
Xu et al., 2017; Hanada et al., 2018). Several distinctive
characters of SPN in males had been reported
sporadically, including onset at older age with fewer
symptoms (Cai et al., 2014), higher proportion of solid
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components, fewer degenerative changes (Hirabayashi et
al., 2015), and unfavorable prognosis (Lin and Stabile,
2010). Nevertheless, due to its rarity and the lack of
concern, the clinicopathological features of SPN in
males remained largely unclarified, which caused
considerable diagnostic detours or even misdiagnosis in
our experience and other reports (Takahashi et al., 2006;
Vilaca et al., 2011; Ohara et al., 2016), especially when
overlaps of immunophenotype exist between SPN and
pancreatic neuroendocrine tumors (pNET) (Kallichanda
et al., 2006; Ohara et al., 2016). 

Therefore, more attention should be paid to SPN in
males, and the comparison study between genders could
reveal its distinctive features to avoid the morphological
pitfall and understand SPN more fully. In the present
study, the gender difference of SPN were characterized
systemically from the aspects of morphology,
immunohistochemistry, CTNNB1 mutation status and
prognosis. More information about SPN in males was
provided to pathological practice and the future
exploration of the underlying mechanism of the gender
difference.
Materials and methods

Patient selection

Between 2010 and 2017, totally 44 patients,
including 10 males (22.7%) and 34 females (77.3%),
were pathologically diagnosed with SPN between 2010
and 2017 in the Second Affiliated Hospital of Zhejiang
University School of Medicine (SAHZJU). Apart from
cases without available tissue blocks, a consecutive
series of 30 patients was enrolled in our study. All cases
did not undergo any preoperative treatment and met the
immunohistochemical (IHC) diagnostic criteria of
nuclear accumulation of β-catenin at least (Bosman et
al., 2010; Ohara et al., 2016). 

Patients enrolled included 21 (70%) females and 9
(30%) males, ranging in age from 10 to 54 years (mean:
32.5±10.5 years, median: 31 years). All patients were
free from preoperative chemotherapy or radiotherapy.
This retrospective study was approved by the Ethical
Committee of SAHZJU.
Morphological and clinicopathological evaluation

All available H&E-stained whole tissue slides of
each case were reviewed (tumors less than 3 cm in
diameter were wholly sampled; others were sample from
sections at 1 cm intervals). The following histological
features were observed: pseudopapillary formation,
cystic change, fibrotic stromal hyperplasia, calcification,
hemorrhagic change, eosinophilic granular bodies, clear
cells, foamy cells, multinuclear cells, perineural and
vascular invasion (including tumor emboli). Among
them, pseudopapillary formation, fibrotic stromal
hyperplasia, calcification and the proportion of clear
cells were graded semi-quantitively. The nuclear

pleomorphism was graded according to Fuhrman criteria
(G1: round/oval nuclei and inconspicuous nucleoli, G2;
slightly irregular nuclei and visible nucleoli at high
power, G3: obviously irregular nuclei and prominent
nucleoli, G4: bizarre or multilobed nuclei). Other
clinicopathologic data, such as tumor location, size,
lymphatic and distant metastasis were retrieved from the
electronic pathological workstation of SAHZJU. The
clinical information, the radiological diagnoses and the
lab data of tumor markers (CEA, AFP, CA125, and
CA199) were collected by Electronic Medical Records
System of SAHZJU. 

All the patients were followed up by phone calls.
Immunohistochemistry

The IHC staining was performed on the Roche
Ventana platform for β-catenin (UMAB15, 1:1000),
cytokeratin pan (AE1/AE3, 1:300), vimentin
(UMAB159, 1:400), CD10 (UMAB235, 1:100), E-
cadherin (EP6, 1:300), trypsin (EPR19498, 1:3000),
androgen receptor (AR, EP120, 1:200), estrogen
receptor (ER, SP1, Roche instant kit), progesterone
receptor (PR, 1E2, Roche instant kit), synaptophysin
(Syn, EP158, 1:300), chromogranin A (CgA, EP38,
1:200), CD56 (UMAB83, 1:150) and Ki-67 (MIB-1,
1:300). All the antibodies were purchased from ZSGB-
BIO except for ER and PR which were from Roche. The
IHC results were interpreted semi-quantitatively into
three grades except for Ki-67: G0 (no or week
expression), G1 (moderate or partial expression) and G2
(strong expression) semi-quantitively. The Masson
staining, Van Gieson’s (VG) staining, Alcian Blue and
Periodic-Acid Schiff (AB-PAS) staining was applied by
an experienced technologist, following the instructions
of the corresponding staining kits (Baso Diagnostics,
Inc.). 
Mutation analysis of CTNNB1 exon 3 

First-generation sequencing was done to all cases.
Tissue blocks containing as much tumor as possible

were selected for genetic analysis. 3-5 pieces of 6-μm
tissue fragment were obtained from each selected tissue
block, and reserved in -20℃ refrigerator. The slice of
microtome and collecting utensils were scrubbed by
alcohol solution before scraping each tissue block.
Tissues were dissolved with 190 μL digestion buffer
(DNA tissue mini kit, Qiagen) and were incubated with
proteinase K overnight at 56°C. DNA was purified by a
nucleic acid robotic device (BIO 101, Qiagen).

The PCR reaction system was built in a total volume
of 20 μL with 20 ng genomic DNA, 0.5 units Taq
polymerase (Qiagen Hotstar Taq), 0.2 mmol/L
deoxynucleotide triphosphate and primers as following: 

Forward 5’-GGCCATGGAACCAGACAGAA-3’;
Reverse 5’-GCATTCTGACTTTCAGTAAGGCAA

T-3’

258
Gender difference of SPN



Cycle sequencing analysis of PCR products was
done using the BigDye™ Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystem) bidirectionally. The
reaction products were sequenced by ABI PRISM 3730
DNA Sequencer (SeqGen, Inc.) according to standard
protocols.

The “wild type” tumors in first-generation
sequencing were analyzed with next-generation
sequencing (NGS). Complementary DNA (cDNA)
synthesis was carried out using SuperScript™ VILO™
cDNA Synthesis Kit (Thermo Fisher Scientific). Library
preparation was performed with the DNA Oncomine
Assay™ (Thermo Fisher Scientific), using a total of 10
ng input DNA per sample (minimum 1.0 ng/μL sample
DNA concentration). A maximum of seven DNA
samples were prepared per run on an Ion 318™ v2 chip
(Thermo Fisher Scientific), which can identify the
hotspot mutations in CTNNB1. Template preparation
was carried out on the Ion Chef System using the Ion
PGM Hi-Q Chef Kit (Thermo Fisher Scientific).
Sequencing was performed on the Ion Torrent Personal
Genome Machine with the Ion PGM Hi-Q Sequencing
Kit (Thermo Fisher Scientific). The sequencing data was
analyzed with Ion Torrent Suite™ Browser version 5.0
and Ion Reporter™ version 5.0. 
Statistical analyses

The Chi-square test or Fisher’s exact test was
applied to analyze the difference between ratios, and
ANOVA was used to compare the quantitative data.
Correlation between factors was evaluated by Pearson or
Spearman test. Disease-free survival time was compared
by Log Rank analysis. A probability value (P) less than
0.05 was considered significant statistically. A
correlation was significant when the correlation
coefficient (r) was more than 0.5. All the statistical
analyses were performed using SPSS 19.0.
Results 

Demography and clinical information

The age of male patients ranged from 10 to 48 years

(mean: 33.2±12.2 years, median: 35 years), and that of
female patients was from 17 to 54 years (mean:
32.1±10.0 years, median: 30 years). In the distribution of
age proportion by gender, the peak range of male
patients was 30-50 years, which showed a right shift
compared with that of female patients (30-40 years). No
statistical gender difference of mean age or age
distribution was found.

Only 8 patients were symptomatic (Table 1), and
most tumors were found during routine physical exam or
imaging exams for other diseases. Patients underwent
contrasted computed tomography (CT) and/or enhanced
magnetic resonance imaging (MRI). Totally, 20 patients
were diagnosed with “solid pseudopapillary neoplasm”
or “solid pseudopapillary tumor” in radiological reports.
Of these patients, 7 and 4 were diagnosed by contrasted
CT or enhanced MRI solely; 9 were diagnosed by both.
The detection rate was 51.7% (15/29) in contrasted CT
and 76.5% (13/17) in enhanced MRI. 18.8% (3/16) of
the patients undergoing both only got the right diagnosis
from enhanced MRI. Apart from cases with the right
diagnosis, other patients were diagnosed with 5
pancreatic cystadenomas, 1 cystadenocarcinoma, 3
pancreatic cancer and 1 pNET (Fig. 1A). 

No biopsy was performed, and the clinical diagnoses
were all rendered based on the results of radiological
examination. The concordance between clinical and
pathological diagnoses (Cc-p) in male patients was only
33.3% (3/9), which was much lower than the 81.0%
(17/21) of female patients (P=0.03) (Fig. 1A). Moreover,
in females, the Spearman’s test showed positive
correlation between the largest diameters and the Cc-p
(r=0.574, P=0.006), while in males, the Cc-p could not
be improved by larger tumor size, instead, a significantly
negative correlation with fibrotic stromal hyperplasia
(r=-0.75, P=0.02) was observed, which might explain the
reason for a high rate of misdiagnoses.

Patients underwent the corresponding surgical
procedures according to the location and size of the
tumors (Table 1). After surgery, 1 male and 5 female
patients suffered from post-operation complications,
including pancreatic fistula, incision infection,
pancreatic pseudocyst and hyperglycemia, but no
significant gender difference of the occurrence rate was
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Table 1. Comparison of clinical information (%).

Characteristic Male Female P value

Symptom abdominal pain 3 (33.33) 4 (19.05) 1.000
back pain 1 (11.11) 0 (0)

Surgery type simple segmental pancreatectomy 3 (33.3) 8 (38.10)
distal pancreatectomy combined with splenectomy 3 (33.3) 7 (33.33) 1.000
pancreaticoduodenectomy 3 (33.3) 6 (28.57)

Post-operative complication pancreatic fistula 1 (11.1) 2 (9.52) 1.000
incision infection 0 1 (0.05)
pancreatic pseudocyst 0 1 (0.05)
hyperglycemia 0 1 (0.05)



found (Table 1).
The accuracy of frozen section diagnosis in males

was also significantly lower than that in females
(P=0.004). Nearly 80% of male patients were diagnosed
with pNET, on the contrary, more than 80% of female
patients were given the correct intra-operative diagnosis
(Fig. 1B).

CA199, CEA and CA125 level were found elevated
in four, one and one patient respectively and AFP level
was normal in all. No significant difference of the serum
level of tumor markers existed between genders.
Pathological and immunohistochemical features

SPN in our study were located from the head/neck to
body/tail of the pancreas evenly, with a slight male
predilection for the head/neck. A round to oval shape
was common. The diameters of tumors ranged from 2.0
cm to 10.0 cm, with the mean size of 4.3±2.5 cm for
male and 4.9±2.4 cm for female. In males, bigger tumor
tended to appear in the body/tail of the pancreas
(r=0.733, P=0.025). Only 11% of the tumors in males
had intact capsule, which is lower than that in females
(P=0.048) (Table 2, Fig. 2, M1, F1). 

The histopathological appearance of SPN was
significantly different between genders. The tumors in
>85% female patients were composed of
pseudopapillary structures mainly, regardless of the
tumor size (r=-0.068, P=0.770). Whereas, in males,
pseudopapillary component only contributed <10% of
the tumor areas in nearly half of the cases (P<0.001), and
was more common in larger tumors (r=0.801, P=0.010).
Instead, solid nests with prominent fibrotic stromal
hyperplasia became the major component in nearly 80%
of the tumors in males with an age preference (r=0.736,
P=0.024), which was absent in most female patients
(P=0.000) (Fig. 2, M2, F2). A close observation for the
solid portion of tumors revealed that much more tumor
cells had vacuolated cytoplasm in males, exhibiting the

appearance of “clear cells”, by contrast, moderate to
abundant eosinophilic cytoplasm was seen in females
(P=0.001) (Table 2, Fig. 2, insets of M2, F2). The nuclei
of the tumors in both genders exhibited round/oval to
slightly irregular contours, and the nucleoli were present
to varying degrees, which were classified into Fuhrman
G1 or G2 without significant gender difference. The
mitosis counts in male and female patients were
similarly low, ranging from 0 to 5 per 50 high-power
fields (hpf) (Table 2).

Regardless of genders, all the tumors showed
degenerative changes to a different extent, including
pseudopapillary structure formation, cystic changes,
hemorrhagic changes and calcification. Pseudopapillary
structure formation and cystic changes occurred more
frequently in females (P=0.030). Calcification was the
most common degenerative change in males, appearing
in more than 3 100x fields per slide averagely for over
half cases, and tended to be more frequent in older
patients (r=0.699, P=0.036) or tumors with irregular
borderline (r=0.691, P=0.039). However, conspicuous
calcification only existed in less than 5% of female cases
(P=0.003). No significant difference was found for
hemorrhagic changes. The eosinophilic granular bodies
were also seen in 80% of tumors overall without gender
difference (Table 2, Figs. 2C1, C2 and C3).

We explored the component of the tumor stroma by
special staining. In Masson staining, tumor stroma was
colored in blue at different degrees, indicating collagen or
mucin (Fig. 3, M1, F1). VG staining was further done to
distinguish collagen from mucin. Collagen was highlighted
by bright red in most tumor stroma of male patients (Fig.
3, M2), and intriguingly a light staining of collagen was
also found in the cytoplasm of some tumor cells (Fig. 3,
inset of M2). However, in females, collagen was only seen
in the fiber-like core surrounded by non-staining space
(Fig. 3, F2) which was colored in blue in AB-PAS staining
(Fig. 3, F3), indicating acid mucin or hyaluronan, which
could not be seen in males (Fig. 3, M3). 
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Fig. 1. Comparison of the diagnostic
concordance. A. Comparison of the
radiological diagnosis of SPN between
genders; B. Comparison of the frozen
section diagnosis of SPN between
genders.
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Fig. 2. Morphological comparison of SPN between genders. More tumors in males show thin and inconspicuous capsule (M1, lower inset) with the
invasion of the adjacent pancreatic tissue (M1). While a thick and continuous fibrous septum often exists in female patients (F1). The solid growth
pattern with prominent fibrotic stromal hyperplasia is notable in males (M2). The anastomotic stroma separates tumor cells into nests, mimicking the
bone trabecula. Inside the nests, the cells show remarkably vacuolated cytoplasm with relatively uniform roundish nuclei (M2, lower right image). The
major portion of the tumors in females is papillary component (F2), and the cells around the fibrovascular core also have uniform nuclei with blind
chromatin (F2, lower right image). Massive calcic crystal can be seen in the fibrotic stroma in males (M3), but only some scattered collagen (asterisk)
accumulates inside the solid component without calcification in most of the female patients (F3). In addition, other diagnostic clues, such as eosinophilic
granule bodies (C1) and foamy cells (C2), can be found in both male and female patients. Perineural invasion (C3, ^: nerve, *: tumor cells) is common
in more than half of all the cases, and in nearly 90% of the males.



In the comparison of invasiveness, more SPN in
males showed invasion of adjacent structures (77.8% vs
66.7%), nerves (88.9% vs 57.1%) and vessels (55.6% vs
19.0%), but the differences were not statistically
significant (Table 2). In females, a higher proportion of
pseudopapillary component was related with less
aggressiveness (r=-0.510, P=0.018), but this was not
found in males.

All the tumors showed nuclear immunoreactivity for
β-catenin, but were negative for CgA, E-cadherin, ER
and trypsin. Ki-67 was low in both genders (1-3%). The
differential expression of CK pan, vimentin, CD10, PR,
AR, Syn and CD56 was observed between genders: male
patients showed lower expression of vimentin, PR and
Syn, but higher expression of Ck pan, CD56 and AR, but
only the difference of AR was statistically significant;
nearly half of the tumors (44.4%) in males showed
strong AR expression (G2) than that (0%) in females
(P=0.006). Notably, the expression of Syn (83.4%) and
CD56 (96.7%) was very common in all patients (Table 3
and Fig. 4).
Mutation analysis of exon 3 of CTNNB1

DNA samples from 7 male and 15 female patients
were available for sequencing analysis. In first-
generation sequencing, the mutations of CTNNB1 exon
3 were detected in 71.4% (5/7) of male patients and in
all female patients, distributed in codon 32, 33, 34, 37,
41 and 62. In NGS analysis, mutations were found in the
two “wild type” tumors in male patients, which were in
codon 32 and 37 (Fig. 5). 
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Table 2. Comparison of clinicopathological features (%).

Characteristic Gender P value
Male Female

Tumor location
Head/neck 6 (66.7) 10 (47.6) 0.440
Body/tail 3 (33.3) 11 (52.4)

Tumor size
<3cm 2 (22.2) 3 (14.3) 0.876
≥3 and <5cm 4 (44.4) 9 (42.9)
≥5cm 3 (33.3) 9 (42.9)

Thick capsule
Absent 4 (44.4) 6 (28.6) 0.048
Discontinuous 4 (44.4) 3 (14.3)
Intact 1 (11.1) 12 (57.1)

Pseudopapillary component
<10% 4 (44.4) 0 0.000
≥10% and <50% 3 (33.3) 3 (14.3)
≥50% 2 (22.2) 18 (85.7)

Fibrotic stromal hyperplasia1

Absent 1 (11.1) 12 (57.1) 0.000
<50% 1 (11.1) 8 (38.1)
≥50% 7 (77.8) 1 (4.8)

Clear cells in the solid component
Absent 0 11 (52.4) 0.001
<1/3 4 (44.4) 7 (33.3)
≥1/3 and <2/3 1 (11.1) 3 (14.3)
≥2/3 4 (44.4) 0

Nuclear pleomorphism
G1 3 (33.3) 3 (14.3) 0.329
G2 6 (66.7) 18 (85.7)

Mitosis /50hpf
0-2 6 (66.7) 13 (61.9) 1.000
3-5 3 (33.3) 8 (38.1)

Cystic change
Positive 3 (33.3) 17 (81.0) 0.030
Negative 6 (66.7) 4 (19.0)

Hemorrhagic change
Positive 4 (44.4) 14 (66.7) 0.418
Negative 5 (55.6) 7 (33.3)

Calcification
Absent 4 (44.4) 13 (61.9) 0.003
<3 100x fields/slide 0 7 (33.3)
≥3 100x fields/slide 5 (55.6) 1 (4.8)

Eosinophilic granular bodies
Positive 6 (66.7) 18 (85.7) 0.329
Negative 3 (33.3) 3 (14.3)

Invasion of adjacent structures2

1 structure 5 (55.6) 14 (66.7) 0.125
≥2 structures 2 (22.2) 0
Negative 2 (22.2) 7 (33.3)

Perineural invasion
Positive 8 (88.9) 12 (57.1) 0.204
Negative 1 (11.1) 9 (42.9)

Vascular invasion
Positive 5 (55.6) 4 (19.0) 0.082
Negative 4 (44.4) 17 (81.0)

1: Significant fibrotic stromal hyperplasia referred to hyperplastic stroma
forming thick anastomosing network or replacing the tumor cells. 
2: Adjacent structures included adjacent pancreatic, adipose tissue or
adjacent organs.

Table 3. Comparison of immunophenotypes (%).

Marker Gender P value
Male Female

Ck pan G0 6 (66.7) 16 (76.2) 0.821
G1 1 (11.1) 2 (9.5)
G2 2 (22.2) 3 (14.3)

Vimentin G0 1 (11.1) 0 0.300
G1 0 0
G2 8 (88.9) 21 (100.0)

CD10 G0 2 (22.2) 1 (4.8) 0.239
G1 3 (33.3) 6 (28.6)
G2 4 (44.4) 14 (66.7)

PR G0 1 (11.1) 1 (4.8) 0.456
G1 2 (22.2) 2 (9.5)
G2 6 (66.7) 18 (85.7)

AR G0 1 (11.1) 4 (19.0) 0.006
G1 4 (44.4) 17 (81.0)
G2 4 (44.4) 0

Syn G0 3 (33.3) 2 (9.5) 0.131
G1 3 (33.3) 5 (23.8)
G2 3 (33.3) 14 (66.7)

CD56 G0 0 1 (4.8) 1.000
G1 0 2 (9.5)
G2 9 (100.0) 18 (85.7)



263
Gender difference of SPN

Fig. 3. Comparison of stroma in SPN. In Masson staining, positive results are seen in both males and females. But the staining is stronger and more
homogeneous in males (M1), while only the stromal core is stained in females (F1), and some surrounding foamy cells also show slight blue cytoplasm
(F1, inset). In VG staining, the whole stroma in males (M2) and the stromal core in females (F2) exhibit positive color of collagen. Some tumor cells are
also stained in males (M2, inset), but the foamy cells in females are negative (F2, inset). In AB-PAS staining, only the peri-core space (F3) and foamy
cells (F3, inset) showed positive color in females.



Prognosis

The follow-up period ranged from 8 to 104 months
(median: 44.5 months). 28 patients survived without
recurrence or metastasis. Only one male patient
presented with multi-nodules in the liver nine months
after the operation, and accepted transcatheter arterial
chemoembolization (TACE), but the histology of the
liver nodules could not be confirmed as no biopsy was
done. After TACE, this patient also has disease-free
survival for 11 months by the last follow-up. There was
no significant difference of disease-free survival time
between genders (P=0.105).
Discussion

Solid pseudopapillary neoplasms of the pancreas are
rare, and only compose 0.9-2.7% of all exocrine
pancreatic neoplasms (Bosman et al., 2010). Due to its
significant female predominance, the pathological
information about SPN in males remains largely
unknown so far. In the present study, the
clinicopathological differences of SPN between genders

was evaluated in detail, and significant gender
differences were found from aspects of morphology and
immunohistochemistry.

SPN was featured by a solid and pseudopapillary
growth pattern with hemorrhagic or necrotic changes to
various degrees (Bosman et al., 2010). However, in our
study, SPN in males showed distinctive microscopic
characteristics. Nearly 50% of the tumors grew in a
predominant solid pattern, and the pseudopapillary
component was less than 10% in each case. The
hyperplastic stroma occupied over 50% of the solid area
in nearly 80% of the tumors in males, while that was
only found in 4.8% of female patients. Several
consequences were brought by this atypical histological
appearance. The first was the low Cc-p, which was only
33.3% in male patients compared to 81.0% in female
patients. This causality was confirmed by the
Spearman’s test that there was a significant negative
correlation between the Cc-p and the fibrotic stromal
hyperplasia (r=-0.75, P=0.02). Previous radiological
studies also noticed the distinctive growth pattern of
SPN in males. They found the gender difference did
exist in imaging manifestation and the tumors of male
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Fig. 4. Comparison of IHC staining. M: male, F: female, M vs F, P=0.006. All cases are positive for β-catenin, but negative for CgA, E-cadherin, ER and
trypsin. CK pan, vimentin, CD10, PR, AR, Syn and CD56 showed differential expression, and the bars on both sides of each marker column illustrate
the proportion of each grade, which is represented by red with different saturations. Statistically, only AR is expressed differently between genders, and
G2 compose nearly half of the tumors in males, but none in females. ki-67 proliferation index is very low in all tumors without gender difference.



patients tended to be much more solid in either MRI or
CT scan (Hu et al., 2014; Sur et al., 2015; Li et al.,
2017). Secondly, the atypical morphological appearance
caused a low diagnostic accuracy during frozen section
diagnosis that nearly 80% of the tumors in males could
not reach the right diagnoses but be misdiagnosed with
pNET.

Given the significant difference of stromal
hyperplasia between genders and its great effect on
diagnoses, we compared the stromal components by
special staining. In males, the proportion of collagen in
the fibrotic stroma was higher, and much more
calcification could be seen, while the stroma in females
seemed to be less mature with more hyaluronan (HA)
component, which was consistent with previous findings
in conventional SPN (Abe et al., 2018). It was reported
that HA in stroma could promote tumor cell proliferation
(McCarthy et al., 2018), which might explain the florid
tumor growth and the consequent degenerative changes
in females in our study, including pseudopapillary
formation and cystic changes caused by the conflict
between overgrowth and blood supply, and also the
larger tumor size reported in former studies (Hu et al.,
2014; Hirabayashi et al., 2015). However, the gender

difference concerning malignancy is controversial, some
previous studies showed similar outcomes regardless of
gender (Tien et al., 2005; Cai et al., 2014), but others
reported more aggressive behavior of SPN in males
(Machado et al., 2008; Lin and Stabile, 2010; Kim et al.,
2017). In our study, all patients have disease-free
survival so far. One male patient had multi-nodules in
the liver nine months after surgery and accepted TACE
therapy. But metastasis could not be confirmed for this
patient due to lack of biopsy, and the follow-up period
after TACE is relatively short (1.5 years). A further
survival observation is still needed.

Compared to the exuberant tumor cells in females,
clear-cell change occurred in all male patients to various
degrees (M vs F, P=0.001). This cytological feature was
also mentioned in some case reports (Albores-Saavedra
et al., 2006; Jhala et al., 2007, 2008; Tanino et al., 2012;
Zhao et al., 2013). Albores-Saavedra et al. (2006) firstly
described three SPN cases (1M & 2F) composed of clear
cells predominantly, and called them the clear cell
variant of SPN. They identified the intra-cellular
vacuoles as dilated or distended mitochondria or the
smooth endoplasmic reticulum by transmission electron
microscope, which was confirmed again by Tanino et al.
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Fig. 5. Changes of amino acid in mutant tumors All available cases harbored mutations in CTNNB1 exon 3, of which two were found by next-generation
sequencing (*). Mutations were distributed in codon 32, 33, 34, 37, 41 and 62, which are all found in females, but only 32, 33 and 37 in males. The
conversions of aspartate at codon 32 to glycine (22.7%) and tyrosine (22.7%) are the most frequent proteinic changes, along with some scattered
changes.



(2012) in one male patient. Jhala et al. (2007, 2008)
demonstrated the cytological features of clear cell
variant and emphasized the diagnostic implication of
clear cells in pancreatic FNA samples, especially when
pseudopapillary structures were absent, which could be a
useful clue to differentiate SPN from pNET. This point
is also powerful for histological differential diagnosis, as
clear cells had significant correlation with atypical
histological features in our study, such as fewer
pseudopapillary structures (r=-0.557, P=0.01) and more
prominent fibrotic stromal hyperplasia (r=0.738,
P=0.00). The origin of these clear cells is not clear so far.
Some scholars proposed the hypothesis of autophagy
caused by ischemia (Zhao et al., 2013), as the further
away from the blood vessels, the more clear cells
emerged. Our finding also supports this hypothesis,
because typical clear cells were often seen in the area
with conspicuous fibrotic stroma. 

In the IHC staining for CK pan, Vimentin, CD10, E-
cadherin, Trypsin, AR, ER, PR, Syn, CD56 and Ki-67,
only AR showed different expression between genders.
Although overall more than 80% of tumors were positive
for AR, the expression in males was much stronger than
that in females. Kim et al. (2017) compared the
expression of AR among SPN, pancreatic ductal
carcinoma and pNET, and found the high expression of
AR in SPN. The activation of AR signaling pathway was
also confirmed at the level of mRNA in the gene
expression analysis (Park et al., 2014). These findings,
as well as ours, all indicate the significant role of AR
signaling pathway in SPN. It was demonstrated that the
AR signaling pathway has numerous crosstalk with
epithelial-mesenchymal transition (EMT) related
signaling pathways, such as hedgehog pathway, which
was also activated in SPN (Park et al., 2014). In prostate
cancer cell, AR could activate hedgehog with the help of
Gli3 (Li et al., 2018) which was also expressed strongly
in SPN (Park et al., 2014). Combining with the fact that
β-catenin could bind to AR and promote AR-related
transcriptions, especially with the presence of androgen
(Yang et al., 2002). We hypothesize that the activity of
AR signaling pathway might be enhanced by β-catenin
nuclear accumulation in both male and females, and the
higher level of androgen in males might stimulate AR
signaling pathway further and drive EMT by activating
hedgehog signaling pathway, leading to conspicuous
fibrotic stroma. On the other hand, AR could mediate the
apoptosis of AR-positive pancreatic β cells (Li et al.,
2008), and increased androgen could induce
mitochondrial injury in an AR-dependent manner (Wang
et al., 2015). These findings might be extended to SPN
cells, as SPN showed neuroendocrine property to some
extent (Wang et al., 2013), and explain the continuous
manifestation from cells with fusion/distended
mitochondria (clear cells) to stromal fibrosis and the
subsequent focal calcification.

In addition, the common expression of NE markers
in IHC emphasizes the risk of misdiagnosis in the
differential diagnosis from pNET, especially in males

whose tumors are mostly atypical on H&E slides. Hence,
according to our finding and previous studies (Wang et
al., 2013; Ohara et al., 2016), the comprehensive IHC
staining would be helpful. A typical SPN
immunophenotype should include the straightforward
nuclear positivity for β-catenin, the absence of E-
cadherin and absence/perinuclear dot-like expression of
CgA. For pNET, the diffuse positivity of CgA and
absence of nuclear positivity for β-catenin should be the
critical factors. Given the importance of β-catenin, gene
analysis of CTNNB1 would be recommended, when its
IHC result is equivocal.

We also found an intriguing phenomenon that VG-
positive materials were present in the cytoplasm of some
tumor cells in males, further study will be needed to
explore the nature and biological meaning of this
finding.

The mutations of CTNNB1 are thought to be the
molecular hallmark of SPN, which were reported in
codon 28, 32, 33, 34, 37 and 41 of exon 3 in previous
studies (Takahashi et al., 2006; Agaimy and Haller,
2016). To confirm the mutation reflected by the nuclear
accumulation of β-catenin in IHC and further compare
the potential genetic difference of CTNNB1 between
genders, the mutation analysis was applied. The codons
above, except codon 28, also harbored mutations without
significant gender difference in our study. However, two
mutations in male patients “escaped” from first-
generation sequencing but were “caught” by NGS,
reflecting higher sensitivity of NGS in the detection of
CTNNB1 mutation, especially when the tumor tissue
was scanty. These genetic findings were well consistent
with the similar nuclear positivity of β-catenin between
male and female patients in IHC, and indicated the
mutation of CTNNB1 might not be a reason for the
gender difference of SPN.

However, there were several limitations in our study.
Firstly, due to the rarity of SPN in males, the sample size
was small, which might cause statistical bias. Secondly,
in genetic analysis, only the hot zone (exon 3) of
CTNNB1 gene was focused, which could not find the
potential mutations in other exons. Hence, a larger
cohort of male patients and whole exon sequencing
would be recommended for a more comprehensive
comparative study in the future. 
Conclusion

In summary, the clinicopathological features of SPN
were compared between genders in detail here. SPN in
males was a distinctive entity in morphology, exhibiting
a higher proportion of solid component, prominent
fibrotic stroma and clear cells, which was significantly
different from the conventional appearance of SPN and
was a pitfall for pathologists, especially in frozen section
diagnosis. Hence, comprehensive IHC panel is strongly
recommended, at least including β-catenin, vimentin,
CD10 and CgA, and the strong expression of Syn and/or
CD56 could not deny SPN. AR was a sensitive auxiliary
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marker for SPN regardless of gender, but the expression
in males was much stronger, which might be a clue to
the underlying mechanism of the gender difference. 
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