
INTRODUCTION

Solid pseudopapillary tumor (SPT) is one of the ra-
re primary tumors of the pancreas. It was first des-
cribed by Frantz in 1959 (1). It mainly affects yo-

ung females in the second and third decades and
has a low malignant potential. Despite being defi-
ned as an epithelial tumor of the pancreas, it does
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Girifl ve Amaç: Solid psödopapiller tümör pankreas›n nadir ekzokrin primer tümörlerindendir. Etyolojisi, orijini ve tedavi yakla-
fl›m›na ait bilgiler halen tart›fl›lmaktad›r. Bu çal›flmada 9 solid psödopapiller tümör olgusunun klinik, patolojik ve immunohisto-
kimyasal özellikleri güncel literatür bilgilerine göre yeniden de¤erlendirilmifltir. Gereç ve Yöntem: Laboratuvar›m›zda 2005-2010
y›llar› aras›nda kay›tl› olup, solid psödopapiller tümör tan›s› alan 9 olgu klinik, laboratuar ve histopatolojik yönleri ile de¤erlen-
dirilmifl ve sunulmufltur. Bulgular: Mikroskopik olarak tüm olgularda tümör iyi s›n›rl› olup, genellikle kal›n fibröz kapsül ile çev-
re pankreas dokusundan ayr›lmaktad›r. Tümör genifl hemoraji ve kistik aç›kl›klar›n efllik etti¤i, arada fokal solid alanlar d›fl›nda,
genellikle psödopapiller yap›lardan oluflmaktad›r. Bu tümör için tan›mlanan tipik morfolojik özellikler de¤iflen oranlarda olgula-
r›m›zda bulunmaktad›r. Bu olgulardan biri ilk operasyondan yaklafl›k 2 sene sonra nüks etmifl ve lokal nükse ait cerrahi spesmen
de taraf›m›zdan de¤erlendirilmifltir. Sonuç: Solid psödopapiller tümörlerin son zamanlarda bildirilen olgularla birlikte kliniko-
patolojik özellikleri daha iyi anlafl›lmaya bafllanmas›na ra¤men, etiyolojisi, orijini ve tedavi yaklafl›m› ile ilgili bilinmeyeni hala
çoktur. Bu çal›flmada 9 solid psödopapiller tümör olgusunun klinikopatolojik karakteristik özellikleri gözden geçirilmifltir.

Anahtar kelimeler: Solid psödopapiller tümör, pankreas tümörleri, Frant'z tümör

Background/aims: Solid pseudopapillary tumor is a rare exocrine tumor of the pancreas. There is no clear consensus on its etio-
logy, origin and treatment. In this study, the clinical, pathological and immunohistochemical features of nine patients with solid
pseudopapillary tumor were re-evaluated in view of the current literature findings. Materials and Methods:  We studied nine ca-
ses diagnosed with solid pseudopapillary tumor between 2005 and 2010. The clinical, pathological and laboratory data were analy-
zed. Results: On microscopy, all tumors had well-defined borders and were separated from surrounding pancreatic tissue by a thick
fibrous capsule. The tumor consisted mainly of pseudopapillary structures with focal solid areas accompanied by wide hemorrha-
gic and cystic regions. The typical morphological features were present to varying degrees. Of the nine cases, one relapsed approxi-
mately two years after the diagnosis, and our laboratory also evaluated the surgical specimen of local recurrence. Conclusions:
While some new light has been shed on the clinicopathological features of solid pseudopapillary tumor concerning its etiology, ori-
gin and treatment methods, there is much to be understood. Further studies focusing on genetics, pathogenesis and prognosis are
needed for a better understanding of this entity.
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not exhibit the typical immunohistochemical stai-
ning profile as do the other epithelial tumors. The
cell of origin is still the subject of debate. Although
it is rarely encountered, the recent increase in the
number of cases has drawn much attention. In the
study conducted in our hospital (between 2005 and
2010), the clinical, pathological and immunohistoc-
hemical features of nine SPT patients were reva-
luated in the light of current literature findings.

MATERIALS AND METHODS

A retrospective study was carried out between
2005 and 2010 at our hospital (Haydarpasa Nu-
mune Education and Research Hospital, Patho-
logy Lab). All patients diagnosed with SPT were
re-evaluated. The clinical data of each patient we-
re once again examined from patient files. The pa-
tients were then interviewed by telephone for con-
firmation of clinical information and to assess
prognosis. Questions were asked as to whether
any postoperative, current or new symptoms had
occurred. The initial slides of each case stained
with hematoxylin and eosin (H&E) were exami-
ned, and an immunohistochemical profile was
used to stain paraffin blocks. The primary antibo-
dies used were vimentin (1:100,  Neomarkers),
pan-cytokeratin (CK) (1:50, Neomarkers), CD10
(1:30, Novacastra), synaptophysin (1:100, Nova-
castra), chromogranin (1:200, Neomarkers), neu-
ron-specific enolase (NSE) (RU, Neomarkers), P53
(1:100, Neomarkers), progesterone (1:100, Neo-
markers), estrogen (1:100, Neomarkers), Ki-67
(1:100, Neomarkers), CD56 (RU, Neomarkers),
S100 (1:200, Neomarkers), E-cadherin (RU, Neo-
markers), beta-catenin (1:100, Genetex), and
cyclin-D1 (1:100, Biocare).

RESULTS

Solid pseudopapillary tumor (SPT) was diagnosed
in 9 patients (3 men, 6 women; mean age at diag-
nosis: 30.8 years, age range: 18-46 years) in our
hospital between 2005 and 2010. Of 9 cases, 1 pre-
sented with local recurrence approximately two
years after the diagnosis. Our laboratory also eva-
luated the local recurrence specimen. Two pati-
ents (Cases 3 and 6) were asymptomatic, and the-
ir masses were discovered incidentally. Case 2
presented with a palpable mass, Cases 1, 5, 8 and
9 with abdominal pain, Case 1 with back and ab-
dominal pain, and Case 7 with signs of weakness,
fever, vomiting, and other non-specific symptoms.
Radiological data were acquired in 4 cases. For

Case 1, a hypodense mass lesion with two puncta-
te calcifications was identified in the abdominal
computed tomography (CT), but the radiologic dif-
ferential diagnosis was not performed. In the data
of the abdominal ultrasound of Case 2, it was des-
cribed that the solid mass was heterogeneous in
nature, accompanied by areas of necrosis, could be
retroperitoneal or pancreatic in origin, and could
be interpreted for malignancy. In the abdominal
CT of Case 3, a heterogeneous solid mass lesion
with clear margins with cystic component was
identified in the pancreas, and it was defined as
cystic mucinous cystadenoma/cystadenocarcinoma
in the differential diagnosis. In the upper magne-
tic resonance imaging (MRI) examination of Case
7, the differential diagnosis of the mass being
exophytic, partly hemorrhagic, and with clear
margin was considered to be consistent with SPT
given the age of the patient. The preoperative va-
lues of CEA, CA19-9, CA15-3, and CA125 were
examined, and 2 cases with elevated CA19-9 were
identified.

Their tumor localization was also evaluated: Of
the 2, 1 was located in the body of the pancreas
while the other was located in the head of the pan-
creas. Regarding the tumors of the patients other
than the above-mentioned, 2 were localized in the
pancreas tail. Macroscopically, the tumors, apart
from the recurring tumor of 0.6 cm, measured 2-
12.5 cm, with a mean value of 6.8 cm. A summary
of tumor localization and macroscopic features is
given in Table 1.

On microscopy, the tumors of all patients had
well-defined borders and were separated from sur-
rounding pancreatic tissue by a thick fibrous cap-
sule. The tumor consisted mainly of pseudopapil-
lary structures with focal solid areas accompanied
by wide hemorrhagic and cystic regions. The typi-
cal morphological features for this tumor (accom-
panying histiocytes, cholesterol clefts, stromal
hyalinization and myxoid degeneration, calcifica-
tion, spindle and clear cell variations) were also
present to varying degree (Figure 1a,b,c,d). The
characteristics of SPT are seen in Table 2. A maxi-
mum ratio of 1-2 mitoses was observed. Focal nec-
rosis was present in some cases.

In addition to these morphologic features seen on
the resection specimen of Case 2, the tumor me-
asured 12.5 cm with well-defined borders, with no
obvious capsule invasion; however, focal capsular
invaginations as well as lymphatic invasion in the
pancreas tissue surrounding the capsule were no-
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ted. These features were highlighted in our patho-
logy report, and we recommended strict follow-up
to exclude local recurrence and/or aggressive be-
havior. The patient relapsed two years after the

diagnosis, and our laboratory received the speci-
men from the distal pancreatectomy and splenec-
tomy. The tumor of this specimen measured 0.6
cm. Case 8 exhibited a focal microscopic infiltrati-
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Case Size Macroscopic features Localization
1 2 cm Hemorrhagic, fragile semi-solid Corpus

2 12.5 cm Hemorrhagic, fragile semi-solid Tail

3 6 cm Hemorrhagic, cystic Tail

4 10 cm Hemorrhagic, microcystic Head

5 4 cm Hemorrhagic, fragile semi-solid Tail

6 10 cm Hemorrhagic, cystic Tail

7 8.5 cm Hemorrhagic, fragile semi-solid Tail

8 6 cm Hemorrhagic, fragile semi-solid Tail

9 3 cm Hemorrhagic, fragile semi-solid Tail

Case 2,  recurrence 0.6 cm Solid Tail

Table 1. Tumor localization and macroscopic features

FFiigguurree  11..  A monomorphous cell population is seen forming pseudopapillary patterns (AA: H&E; 200x), stromal hyalinized fibrovas-
cular cores (BB: H&E; 40x), neoplastic cells with accompanying microcalcification (CC: H&E; 100x), and cholesterol crystals (DD: H&E;
100x). 

AA BB

CC DD



on into adjacent pancreatic tissue and an area of
lymphovascular and perineural invasion. For this
reason, in the subsequent pathology report, we po-
inted out that such cases had malignant potential.
However, no signs of recurrence or metastases we-
re found in the evaluation performed in the 16 pos-
toperative months during the follow-up. There

was no capsular or lymphatic invasion in our other
patients. The results of our immunohistochemical
analysis are summarized in Tables 3 and 4.

All patients underwent surgical treatment (2
Whipple procedure, 2 distal pancreatectomy, and
distal pancreatectomy and splenectomy in the re-
maining patients).
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Case Vimentin Pan-Cytokeratin  CD10 Synaptophysin Chromogranin NSE P53 PR ER Ki-67 % Cd56 S100 

1 + Focal, weak + Focal, weak + Focal, weak + - 2+ - + - 1-2 + -

2 + - Focal, weak + - - 3+ - + - 1-2 + -

3 + - - Focal, weak + - 2+ - + - 1-2 + -

4 + - Focal, weak + - - + - 3+ - 1-2 + -

5 + - - - - 2+ - 3+ - <1 + -

6 + - - - - + - 2+ - <1 + -

7 + - - - - + - + - <1 + -

8 + - - - - + - + - <1 + -

9 + - - - - + - 2+ - <1 + -

Case 2, + - - - - + - + - <1 + -
recurrence

Table 3. The results of immunohistochemical analysis-1

Case E-Cadherin ββ-Catenin Cyclin-D1
Cytoplasmic Staining Membranous Staining Nuclear Staining

1 - 2+ 1+ 1+ -

2 - 2+ 2+ - +

3 - - 3+ - 2+

4 - 2+ - 2+ 3+

5 - 2+ 1+ 3+ +

6 - 2+ - 3+ 3+

7 - - 2+ 2+ -

8 - 1+ - 3+ +

9 - 1+ - 2+ +

Case 2,  recurrence - 1+ - 2+ +

Table 4. The results of immunohistochemical analysis-2

Case Pseudopapillary Histiocytes Cholesterol Stromal Clear cell Spindle cell Myxoid Microcalcification
structures crystals hyalinization changes changes changes

1 + + - + - - - +

2 + - + - + - - +

3 + + + + + - - -

4 + - + - - - + +

5 + + - - - - - -

6 + - - - - - - -

7 + + + + - - - +

8 + - - + - - - -

9 + - + + - - - +

Case 2, + - - - - - - -
recurrence

Table 2. The outstanding characteristics of SPT



DISCUSSION

Solid pseudopapillary tumor (SPT) was first obser-
ved in a 19-year-old girl in 1927. However, Frantz
first described it in 1959, and he proposed that fo-
ur cases with non-functional island cell tumors
were actually a new entity called ‘papillary pan-
creas tumor’ (1). SPT accounts for 1-2% of exocri-
ne pancreas neoplasms (2,6,11).  It accounts for
1% of all pancreas tumors and 3% of all cystic pan-
creas neoplasms (3). 

There are 750 cases reported in the English litera-
ture, and 553 cases were reported in Chinese lite-
rature studies (4,5). The increasing frequency of
SPT in the last 10 years has caught much attenti-
on. The broadest series of reported cases came
from China, comprising 26, 20 and 14 cases, res-
pectively (4,6-10). SPT can be observed in patients
of all ages, with the mean age of 30 years. The ma-
le to female ratio is 1:8-1:9 (2,5). In our series, two-
thirds were female (6 female/3 male), and the me-
an age was 30.8 (15-46) years. As patients present
with no specific symptoms, tumors are usually
identified incidentally on routine radiological exa-
mination, and consequently, the tumors reach lar-
ge proportions at the time of identification. The
mean size is 9.5 cm; however, tumors measuring
30 cm in size have been described (7,11). In our se-
ries, the largest tumor was 12.5 cm, the smallest
was 2 cm, and the mean tumor size was 6.8 cm.
These tumors do not have definite localization
(4,7). However, there is a predilection for the body
and tail of the pancreas (64%) (11). In our series,
all except two of the tumors were located in the ta-
il of the pancreas: one tumor was located in the he-
ad and one tumor was located in the body of the
pancreas. While most patients are asymptomatic
on presentation, patients may also frequently pre-
sent with the following symptoms: stomachache,
weight loss, loss of appetite, and bloating. These
symptoms appear when the tumor size reaches 6
cm and beyond (12). Rare cases presenting with
spontaneous rupture, intraabdominal bleeding
and gastric outlet obstruction have also been re-
ported (13). In SPT patients, tumor markers are
generally within normal limits. In a Chinese study
of 553 cases, elevated alpha fetoprotein (AFP), CE-
A, CA19-9, CA125 and CA242 were found in 11 ca-
ses. Of these, only two were found to be malignant
SPT. We studied the values of CEA, CA19-9,
CA15-3, and CA125 in our patients. Elevated
CA19-9 was found in two patients, one minimally,
the other significantly higher. The levels rapidly

normalized, especially in the postoperative period.
The other laboratory values were normal, consis-
tent with the literature (8). The prognosis of SPT
is favorable with adequate surgical resection (14-
16). Therefore, it is important to establish the cor-
rect diagnosis and determine the surgical margins
preoperatively (17). Intraoperative consultation is
recommended. Frozen section specimens were
sent for intraoperative diagnosis in five of our ca-
ses. In three cases, our findings suggested a diag-
nosis of low-grade neuroendocrine neoplasm, whe-
reas two cases were diagnosed with SPT due to the
presence of pseudopapillary projections. In one ca-
se, frozen section was applied to confirm clear sur-
gical margins.

Imaging techniques are of great importance for
the diagnosis of SPT. Ultrasonography and CT re-
veal a sharply demarcated mass with solid and
cystic areas together with pressure effect on the
surrounding tissue. Procacci et al. (18) found that
CT was 60% accurate in the diagnosis of cystic
pancreatic tumors. MRI is superior to CT in dis-
tinguishing cystic from solid lesions. Encapsulated
cystic tumors that are hemorrhagic and lack an in-
ternal septum strongly point to the diagnosis of
SPT (5). Macroscopically, these tumors are soli-
tary, well- circumscribed, and encapsulated. Mul-
tiple tumors are exceptional. These tumors under-
go cystic degeneration during their growth pro-
cess; these cystic spaces then fill with necrotic deb-
ris. On cross-section, the tumor is yellow-brown in
color with hemorrhagic areas. These hemorrhagic
and cystic changes occasionally encompass the en-
tire lesion and thus can easily be mistaken for a
pseudocyst (as seen in Cases 3 and 7).

Morphologically, this neoplasm is characterized by
large areas of necrosis with preserved tissue situa-
ted peripherally beneath the fibrous capsule. The
tumor cells are arranged around delicate, often
hyalinized fibrovascular stalks with small vessels.
The neoplastic cells distant from the blood vessels
become degenerated and the cells adjacent to the
blood vessels create a ‘viable’ cuff that forms the
pseudopapillary structures. These structures have
no luminal spaces (2). Solid areas consist of nests
of neoplastic cells with accompanying foamy histi-
ocytes and cholesterol crystals. Varying degrees of
stromal hyalinization may be present. In a num-
ber of cylindrical pattern cases, stromal groups
can be noted in the nest of tumor cells (2). “Clear”
and “spindle” cell changes can be encountered (19-
21).  Eosinophilic periodic acid Schiff (PAS)-positi-
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ve and diastase-resistant hyaline globules are fo-
und within the cells cytoplasm or outside the cell
itself. The signs of stromal degeneration such as
myxoid changes and microcalcification may exist
(4). Mitoses are rare. 

The cell of origin of SPT remains a matter of con-
troversy. While some researches believe that the
tumor cell line originates from ductal epithelium,
acinar or endocrine cells, others have shown that
naming a pancreatic or extrapancreatic cell of ori-
gin is impossible (12,22,23). The latter is suppor-
ted by the immunohistochemical profile that does
not correlate with any pancreatic cell staining. Li-
kewise, markers supporting the theory of an epit-
helial neoplasm have a low percentage of positive
findings. CK expression is less than 30% or nega-
tive. Alpha-smooth muscle actin (SMA) negativity
rules out myoepithelial differentiation. No associ-
ation was found between alpha-1 anti-trypsin
(AAT) positivity and macrophage differentiation
in SPT, because positive staining was detected in
macrophages surrounding cholesterol granulomas
or in those found dispersed in the tumor, while ot-
her macrophage markers such as Ki-MP and Le-
uM1 were negative. Thus, although SPT is tho-
ught to be of multipotent stem cell origin, it has no
relation to pancreatic epithelium. The researches
have described the rare extrapancreatic tumors
that would support the theory that the tumor is
not derived from pancreatic cells (25). Another
hypothesis is that the tumor originates from pluri-
potent embryonic cells of the pancreas. In contrast
to ductal pancreas cancer, mucinous cystic neop-
lasms, microcystic serous adenoma and SPT are
primarily reported in young females. Consequ-
ently, these tumors are thought to be influenced
by sex hormones and their receptors. The theory
proposed here is that the pancreas and the genital
tubercle/ridge (especially on the left side) are clo-
sely related, and in the 7th gestational week, primi-
tive ovarian cells attach to and fuse with pancrea-
tic tissue (12,25,26).

Immunohistochemically, SPT stains strongly posi-
tive with vimentin (80%) (7). All our cases showed
powerful positive staining for vimentin. Similarly,
our cases were negative for CK except one having
weak focal positivity. CD10 has been known to ha-
ve 80-83% positivity in SPTs (27). The staining
pattern is generally cytoplasmic, and to a lesser
extent “dot-like” or membranous. This staining
pattern is found to be insignificant. Of our cases,
three displayed cytoplasmic staining, and the ot-

hers were negative. Progesterone receptor (PR) is
positive in 60% of pancreatic island cells and also
stains positive in pancreatic neuroendocrine tu-
mors (NETs). In our study, varying degree of PR
positivity was present, and estrogen receptor (ER)
was negative. Although the reason for ER staining
negative while PR is positive is not clear, it has be-
en ascribed to the Wnt pathway abnormalities, in
particular β-catenin (28). Chromogranin was ne-
gative in our cases, consistent with the literature.
CD56 is reported to have 55-100% staining in
SPTs (23). In our cases, positive staining was
shown. NSE is positive in most SPTs. However, as
it has a low specificity, its diagnostic value is limi-
ted. All our cases were positive with varying deg-
ree of staining. S100 was negative in all our cases,
consistent with the literature (29). Cytoplasmic c-
kit staining has been positive, whereas
KIT/PDGFRA mutation/translocation has not be-
en seen (11,30). C-kit non-mutation-mediated acti-
vation has been reported to be positive in 50%
(23). In our cases, C-kit was negative.

On electron microscopy, SPT imaging is seen to
have non-specific cell junctions, although typical
desmosome-like junctions are absent. The mitoc-
hondria-rich cytoplasm contains dense granules of
different sizes. Some of these granules contain
AAT. Nuclear indentation and cleft are seen (4).

In conclusion, electron microscopy and immuno-
histochemical studies remain inadequate in spe-
cifying tumor histogenesis. However, recent studi-
es focus on β-catenin mutation in the Wnt path-
way (4). Activation of the Wnt pathway causing β-
catenin mutation on exon 3 has been found in 83-
90% of SPTs (31,32). This mutation enables β-ca-
tenin to escape intracytoplasmic phosphorylation
leading to degradation and binding to t-cell trans-
cription factor (tcf)/lymphoid enhancer binding
factor (lef). β-catenin-tcf/lef complexes translocate
to the cell nucleus leading to strong nuclear and
cytoplasmic staining (27,33-35). At the same time,
this complex activates oncogenic gene transcripti-
on, the pathways of which contain cyclin-D. This
leads to overexpression of cyclin-D (70-100% of
SPN) (23).  While K-ras mutation is seen in most
ductal adenocarcinomas, it is absent in SPN (27).
β-catenin forms the main component of the cadhe-
rin-catenin epithelial adhesion complex (30,36).
E-cadherin and β-catenin are the key components
of the Wnt transduction pathway that influence
differentiation and growth of the exocrine pancre-
as. The E-cadherin gene (CDH 1) is a 120 kDa pro-
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tein located on the 16g22.1 locus. E-cadherin
binds to the actin skeleton. They interact with ca-
tenins and affect homotypic cell adhesion.  E-cad-
herin plays a key role in the integrity and polari-
zation of the epithelium. Structurally, it is made
up of a molecular cytoplasmic domain, a single-
pass transmembrane domain and an extracytop-
lasmic domain that consists of five repetitive cad-
herin motifs and is considered to be a calcium-bin-
ding region. The cytoplasmic domain interacts
with catenin and binds to the actin skeleton. A
decrease in the expression of E-cadherin is related
to the invasive behavior of epithelial cells, dediffe-
rentiation and metastatic potential. There are a
number of views supporting the theory of this pro-
tein as an “invasion suppressor molecule” (33).
The loss or decrease in the expression of E-cadhe-
rin can be seen in many malignancies, such as dif-
fuse-type gastric adenocarcinomas or lobular car-
cinoma of the breast. Cytoplasmic-nuclear β-cate-
nin expression together with loss of E-cadherin is
rare. It is seen in some endometrial adenocarcino-
mas, endometrioid cancers of the ovary and hepa-
tocellular carcinomas. Studies showing this union
in SPN are reported (27,33).  E-cadherin has been
shown to have a different staining pattern in SPT.
In immunohistochemical studies, if the E-cadhe-
rin molecule used recognizes the extracellular do-
main, membranous staining is seen in all cases,
with varying degree of dot-like staining. The im-
portance of this pattern of staining, also seen in
some gastric cancers, is unknown. If the antibody
recognizes the cytoplasmic domain, nuclear stai-
ning is positive (33,37). Nuclear E-cadherin immu-
noreactivity is positive in SPT, 30% of pancreatic
NETs, Merkel cell carcinoma, and 50% of renal
cell carcinomas.

The β-catenin staining pattern in our cases is
summarized in Table 4. Two of our cases (Cases 2
and 3) were negative for nuclear β-catenin stai-
ning; the rest displayed varying degree of positive
staining. Case 3 displayed powerful (3+) membra-
nous staining, whereas Case 2 displayed average
intensity (2+) cytoplasmic and membranous stai-
ning. All our cases were negative for E-cadherin
staining. In accordance with the literature, all our
cases stained positive for cyclin-D, other than Ca-
ses 1 and 7.

The differential diagnosis of SPT includes neop-
lasms that are partially solid, mostly cystic with
cellular features that differ from conventional duc-
tal adenocarcinomas. Pancreatic endocrine neop-

lasms head the list of differential diagnoses. En-
docrine tumors with cystic areas or SPT with a
more solid pattern are especially hard to distingu-
ish from one another. The presence of pseudopa-
pillary structures, hyaline globules, foamy mac-
rophages, and a nuclear groove with absence of fi-
ne endocrine-chromatin makes the diagnosis of
SPT easy. However, immunohistochemical analy-
sis is still necessary. Nuclear β-catenin staining,
loss of E-cadherin expression, and CD10 and AAT
staining positive together with chromogranin stai-
ning negative are helpful in the differential diag-
nosis. Pancreatoblastoma, which is a rare tumor,
usually affecting children younger than 10 years
of age, is also part of the differential diagnosis.
Histologically, polygonal cells in the areas of aci-
nar differentiation and characteristic squamous
corpuscles are helpful in the diagnosis. The cor-
puscles are separated by hypercellular stroma. On
immunohistochemical analysis, pancreatoblasto-
ma shows acinar (trypsin, chymotrypsin, lipase)
and endocrine differentiation. Acinar carcinoma
displays an acinar, trabecular and solid pattern.
On immunohistochemical analysis, pancreatic
enzyme expression is present. Nuclear β-catenin
expression is less common. Due to wide areas of
cystic degeneration in SPT, it can be hard to dis-
tinguish from pancreatic pseudocysts; therefore,
good clinical history together with extensive
sampling is necessary. Case 7 had a cystic lesion
with signs of previous hemorrhage, where large
areas of the wall epithelium were absent together
with chronic non-specific pancreatitis in the surro-
unding tissue. On extensive sampling, we discove-
red focal areas with pseudopapillary structures of
the tumor. The prognosis of SPT even in the pre-
sence of local recurrence, invasion or metastases is
favorable. The five-year survival rate is more than
95% (3,25,27).  Local recurrence is less than 10%
and usually occurs four years after surgery
(3,6,8,10). Even with metastases, the survival rate
is reported to be more than 10 years (38). In a se-
ries of 34 cases by Tang et al. (39), two cases of
SPT with high-grade malignant transformation
and aggressive courses were reported. One of our
cases relapsed two years after the diagnosis. In
this case, we stated in the initial report that the
tumor had invaded the capsule in certain areas to-
gether with lymphatic invasion of the surrounding
pancreas tissue, and we recommended strict fol-
low-up in case local recurrence and/or aggressive
transformation occurred. No additional features
showing aggressive behavior, such as diffuse
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growth pattern, nuclear pleomorphism, increased
mitotic index, necrosis, and dedifferentiation, we-
re present in our cases. Although criteria of malig-
nancy have not yet been clearly established, peri-
neural invasion, angioinvasion or deep invasion
into the surrounding tissue is thought to indicate
malignant behavior (40). Some studies believe a
high proliferation index for Ki-67 (>25%) is an in-
dication of malignancy (6). In our cases, including
our case with local recurrence, the Ki-67 prolifera-
tion index was a maximum 1-2%. Studies propo-
sing the theory that tumors of more than 5 cm ha-
ve malignant potential were later unproven by
subsequent studies (3). The follow-up of our cases
ranged from 9 months to 5 years. After the second
surgery for local recurrence in our relapsing case,

a further two-year follow-up showed no recurren-
ce or metastases. The clinical details of our other
cases were updated and no metastases or recur-
rences were found.

In conclusion, the diagnosis of SPT, due to its low-
grade malignant potential as well as its different
treatment protocols for primary lesions and/or me-
tastases, is of paramount importance. SPTs, clini-
cally and histopathologically, exhibit different pro-
perties from other pancreatic tumors. While some
new light has been shed on the clinicopathological
features of SPT with regard to the etiology, origin
and treatment methods, there is still much to be
known. Further studies focusing on genetics, pat-
hogenesis and prognosis are needed for a better
understanding of this entity. 

ÖZKARA  et al.

734

REFERENCES
1. Frantz VK. Tumors of the pancreas. In: Blumberg CW, ed.

Atlas of tumor pathology. Washington, DC: Armed Forces
Institute of Pathology, 1959; 32-3.

2. Klimstra DS, Adsay NV. Tumors of the pancreas and am-
pulla of Vater. In: Odze RD, Goldblum JR, eds. Surgical
pathology of the GI tract, liver, biliary tract and pancreas.
2nd ed. Philadelphia: WB Saunders, 2009; 944-6.

3. Yang F, Fu DL, Jin C, et al. Clinical experiences of solid
pseudopapillary tumors of the pancreas in China. J Gastro-
enterol Hepatol 2008; 23: 1847-51.

4. Chakhachiro ZI, Zaatari G. Solid-pseudopapillary neop-
lasm: a pancreatic enigma. Arch Pathol Lab Med 2009; 133:
1989-93.

5. Yu PF, Hu ZH, Wang XB, et al. Solid pseudopapillary tu-
mor of the pancreas: a review of 553 cases in Chinese lite-
rature. World J Gastroenterol 2010; 16: 1209-14.

6. Yang F, Jin C, Long J, et al. Solid pseudopapillary tumor of
the pancreas: a case series of 26 consecutive patients. Am
J Surg 2009; 198: 210-5.

7. Chen X, Zhou GW, Zhou HJ, et al. Diagnosis and treatment
of solid-pseudopapillary tumors of the pancreas. Hepatobi-
liary Pancreat Dis Int 2005; 4: 456-9.

8. Patil TB, Shrikhande SV, Kanhere HA, et al. Solid pseudo-
papillary neoplasm of the pancreas: a single institution.
Experience of 14 cases. HPB (Oxford) 2006; 8: 148-50.

9. Papavramidis T, Papavramidis S. Solid pseudopapillary
tumors of the pancreas: review of 718 patients reported in
English literature. J Am Coll Surg 2005; 200: 965-72.

10. Tipton SG, Smyrk TC, Sarr MG, et al. Malignant potential
of solid pseudopapillary neoplasm of the pancreas. Br J
Surg 2006; 93: 733-7.

11. Thompson LDR, Heffess CS. Pancreas. In: Mills SE, Carter
D, Greenson JK, Reuter VE, Stoler MH, eds. Diagnostic
surgical pathology. 5th ed. Philadelphia: Lippincott Willi-
ams & Wilkins, 2010; 1469-71.

12. Costa SRP, Henriques AC, Godinho CA, et al. Pancreatic
solid-cystic papillary tumor: clinical aspects, radiological
findings and surgical treatment in a series of five patients.
Einstein 2007; 5: 161-5.

13. McFarlane MEC, Plummer JM, Patterson J, et al. Case re-
port, solid-pseudopapillary tumour of the pancreas as a ra-
re cause of gastric outlet obstruction. Cases J 2008; 1: 374.

14. Hassan I, Celik I, Nies C, et al. Successful treatment of so-
lid-pseudopapillary tumor of the pancreas with multiple li-
ver metastases. Pancreatology 2005; 5: 289-94.

15. Kamat RN, Naik LD, Joshi RM, et al. Solid pseudopapil-
lary tumor of the pancreas. Indian J Pathol Microbiol 2008;
51: 271-3.

16. Nakagohri T, Kinoshita T, Konishi M, et al. Surgical outco-
me of solid pseudopapillary tumor of the pancreas. J Hepa-
tobiliary Pancreat Surg 2008; 15: 318-21.

17. Zhang H, Liang TB, Wang WL, et al. Diagnosis and treat-
ment of solid-pseudopapillary tumor of the pancreas. Hepa-
tobiliary Pancreat Dis Int 2006; 5: 454-458.

18. Procacci C, Biasiutti C, Carbognin G, et al. Characterizati-
on of cystic tumors of the pancreas: CT accuracy. J Comput
Assist Tomogr 1999; 23: 906-12.

19. Jhala NJ, Siegal GP, Jhala D. Large, clear cytoplasmic va-
cuolation: an under-recognized cytologic clue to distinguish
solid pseudopapillary neoplasms of the pancreas from pan-
creatic endocrine neoplasms on fine-needle aspiration.
Cancer 2008; 114: 249-54.

20. Jorge AS, Karen WS, Seth JB. The clear cell variant of so-
lid pseudopapillary tumor of the pancreas: a previously un-
recognized pancreatic neoplasm. Am J Surg Pathol 2006;
30: 1237-42.

21. Go JH. A spindle cell predominant pancreatic solid-pseudo-
papillary tumor. Yonsei Med J 2008; 49: 672-5.

22. Kallichanda N, Tsai S, Stabile BE, et al. Histogenesis of so-
lid pseudopapillary tumor of the pancreas: the case for the
centroacinar cell of origin. Exp Mol Pathol 2006; 81: 101-7.

23. Tiemann K, Heitling U, Kosmahl M, et al. Solid pseudopa-
pillary neoplasms of the pancreas show an interruption of
the Wnt-signaling pathway and express gene products of
11q. Mod Pathol 2007; 20: 955-60.

24. Petrakis I, Vrachassotakis N, Kogerakis N, et al. Solid pse-
udopapillary neoplasm of the pancreas: report of a case af-
ter a 10-year follow-up and review of literature. Pancreato-
logy 2001; 1: 123-8.

25. Mohammadi TA, Rahmani SH, Mozaffar M, et al. Solid
pseudopapillary tumor of pancreas: presentation and  ma-
nagement. Shiraz E-Med J 2008; 9: 149-57.

26. Kosmahl M, Seada LS, Jänig U, et al. Solid–pseudopapil-
lary tumor of the pancreas: its origin revisited.  Virchows
Arch 2000; 436: 473-80. 



27. Kim MJ, Jang SJ, Yu E. Loss of E-cadherin and cytoplas-
mic-nuclear expression of β-catenin are the most useful im-
munoprofiles in the diagnosis of solid-pseudopapillary ne-
oplasm of the pancreas. Hum Pathol 2008; 39: 251-8.

28. Serra S, Chetty R. An immunohistochemical approach and
evaluation of solid pseudopapillary tumour of the pancreas.
J Clin Pathol 2008; 61: 1153-9.

29. Zheng H, Zhang Q, Han B, et al. Solid pseudopapillary tu-
mor of the pancreas: a case report. Chinese J Clin Oncol
2007; 4: 442-4.

30. Dengfeng CD, Antonescu C, Wong G, et al. Positive immu-
nohistochemical staining of KIT in solid-pseudopapillary
neoplasms of the pancreas is not associated with
KIT/PDGFRA mutations. Mod Pathol 2006; 19: 1157-63.

31. Abraham SC, Klimstra  DS, Wilentz RE, et al. Solid-pse-
udopapillary tumors of the pancreas are genetically dis-
tinct from pancreatic ductal adenocarcinomas and almost
always harbor ß-catenin mutations. Am J Pathol 2002; 160:
1361-9.

32. Tanaka Y, Kato K, Notohara K, et al. Frequent β-catenin
mutation and cytoplasmic/nuclear accumulation in pan-
creatic solid-pseudopapillary neoplasm. Cancer Res 2001;
61: 8401-4.

33. Serra S, Salahshor S, Fagih M, et al. Nuclear expression of
e-cadherin in solid pseudopapillary tumors of the pancreas.
JOP J Pancreas (Online) 2007; 8: 296-303.

34. Tang WW, Stelter AA, French S, et al. Loss of cell-adhesi-
on molecule complexes in solid pseudopapillary tumor of
pancreas. Mod Pathol 2007; 20: 509-13.

35. Liu BA, Li ZM, Su ZS, et al. Pathological differential diag-
nosis of solid-pseudopapillary neoplasm and endocrine tu-
mors of the pancreas. World J Gastroenterol 2010; 16:
1025-30.

36. Heiser PW, Cano DA, Landsman L, et al. Stabilization of β-
catenin induces pancreas tumor formation. Gastroentero-
logy 2008; 135: 1288-300. 

37. El-Bahrawy MA, Rowan A, Horncastle D, et al. E-cadhe-
rin/catenin complex status in solid pseudopapillary tumor
of the pancreas. Am J Surg Pathol 2008; 32: 1-7.

38. Klimstra DS. Nonductal neoplasms of the pancreas. Mod
Pathol 2007; 20: 94-112.

39. Tang LH, Aydin H, Brennan MF, et al. Clinically aggressi-
ve solid pseudopapillary tumors of the pancreas: a report of
two cases with components of undifferentiated carcinoma
and a comparative clinicopathologic analysis of 34 conven-
tional cases. Am J Surg Pathol 2005; 29: 512-9.

40. Choi JY, Kim MJ, Kim JH, et al. Solid pseudopapillary tu-
mor of the pancreas: typical and atypical manifestations.
AJR 2006; 187: 178-86.

Solid pseudopapillary tumor of the pancreas

735



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


