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Abstract

Background: Solid pseudopapillary neoplasm (SPN) of the pancreas is an extremely rare neoplasm with a favorable
prognosis. On the other hand, pancreatic invasive ductal carcinoma (IDC) is known to be an aggressive malignancy.
To the best of our knowledge, there is no report of SPN combined with IDC of the pancreas.

Case presentation: A 66-year-old woman presented with abnormal genital bleeding and was diagnosed with
inoperable cervical cancer. During computed tomography for cancer staging, the patient was incidentally diagnosed
with pancreatic cancer. After radiation therapy for the cervical cancer, distal pancreatectomy with D2 lymph node
dissection was performed. A postoperative pathological examination revealed SPN with ossification and well-
differentiated IDC in the pancreatic body. On immunohistochemical staining, SPN tumor cells showed positive β-
catenin and CD10 staining, whereas IDC cells were negative for both. The tumor boundaries were clear. Accordingly,
the final pathological diagnosis was synchronous SPN and IDC of the pancreas. Moreover, pathological findings such as
the ossification and small number of SPN cells suggested that SPN may have existed long before IDC initiation.

Conclusions: Here, we report the first case of SPN combined with IDC of the pancreas. They may occur independently,
and the long-term presence of SPN may lead to the development of IDC.
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Background
Solid pseudopapillary neoplasm (SPN) of the pancreas is
extremely rare and shows favorable prognosis [1, 2]. In
contrast, pancreatic invasive ductal carcinoma (IDC) is
one of the most aggressive malignancies [3]. As far as we
know, there are no reports on the relationship between
SPN and IDC of the pancreas. Here, we present the first
case of SPN combined with IDC of the pancreas and dis-
cuss the development of SPN and IDC of the pancreas.

Case presentation
A 66-year-old woman presented with abnormal genital
bleeding. She was diagnosed with cervical cancer, and
radical surgery could not be performed because of severe
local invasion (stage IIIB; cT3bN1M0). Computed tom-
ography (CT) for cancer staging incidentally revealed a
pancreatic body tumor. The patient was referred to our
hospital for further examination and treatment. After
consulting with the gynecologist, we judged that it would
take a long time to start treatment for cervical cancer if
the pancreatic tumor was first examined closely and
then resected. For this reason, the pancreatic tumor was
inspected while performing radiation therapy for cervical
cancer. She had no history of malignancies. Physical
examination did not reveal any specific findings except
for the abnormal genital bleeding. Tumor markers such
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as carcinoembryonic antigen (CEA) (5.1 ng/mL), carbo-
hydrate antigen 19-9 (CA19-9) (749.8 U/mL), DUPAN-2
(320 U/mL), and Span-1 (69.0 U/mL) were elevated, while
squamous cell carcinoma antigen and cancer antigen 125
were within normal range. Plain CT, contrast-enhanced
CT, and gadolinium-ethoxybenzyl-diethylenetriamine
pantaacetic acid (Gd-EOB-DPTA)-enhanced magnetic
resonance imaging (MRI) revealed a 21-mm nodule in the
pancreatic body that showed gradually intense enhance-
ment, and a 20-mm calcification in the proximal side of
the nodule (Fig. 1a–f). No enlarged lymph nodes or dis-
tant metastasis were evident. Magnetic resonance cholan-
giopancreatography showed main pancreatic duct (MPD)
disruption and MPD dilation in the distal side of the dis-
ruption (Fig. 2a). Endoscopic retrograde cholangiopan-
creatography showed MPD disruption distal to the
calcification. Endoscopic ultrasonography (EUS) demon-
strated that there was a 21-mm hypoechoic lesion near
the calcification, and invasion to the splenic vein was sus-
pected (Fig. 2b, c). EUS-guided fine-needle aspiration cy-
tology of the hypoechoic lesion revealed adenocarcinoma.
Based on these findings, the patient was diagnosed with
pancreatic cancer (stage IIA; cT3N0M0). The patient had
been receiving radiotherapy for the cervical cancer for a

month (external irradiation 50.4Gy/28Fr, intracavity ir-
radiation 24Gy/4Fr) when distal pancreatectomy with D2
lymph node dissection was carried out. At the same time,
splenectomy was also performed. The operating time was
236min, and the blood loss volume was 60mL. A macro-
scopic examination of the resected specimen showed a
20-mm hard mass in the pancreatic body and a 38-mm
well-circumscribed nodule just distal to the mass (Figs. 3
and 4). A postoperative pathological examination revealed
well-differentiated IDC in the nodule and confirmed peri-
neural and anterior serosal invasion (Fig. 5a). There were
no findings such as squamous cell components suggesting
a relationship between pancreatic cancer and cervical can-
cer. In the hard mass, vitrified tissues with areas contain-
ing uniform tumor cells were found, presenting mild
atypia, no lymphovascular invasion, and no infiltration to
adjacent organs (Fig. 5b). In addition, calcification and os-
sification were also found in the vitrified tissues (Fig. 5c).
Immunohistochemical staining revealed that uniform
tumor cells from the hard mass were positive for β-
catenin and CD10 (Fig. 6a, b), which were compatible with
SPN. Additionally, the number of viable SPN cells was
small, and the number of vitrified tissues was high. Fur-
thermore, there was fibrosis with tissue destruction and

Fig. 1 Plain CT, contrast-enhanced CT, and Gd-EOB-DPTA-enhanced MRI. Plain CT showing a calcification on the head side of the nodule (yellow
arrowhead). Contrast-enhanced CT and Gd-EOB-DPTA-enhanced MRI showing a 21-mm nodule that showed gradually intense enhancement in
the pancreatic body (yellow arrow). a Plain CT. b Arterial phase of CT. c Equilibrium phase. d Pre-enhancement phase of MRI. e Early phase of
MRI. f Late phase of MRI. CT, computed tomography; Gd-EOB-DPTA, gadolinium-ethoxybenzyl-diethylenetriamine; MRI, magnetic
resonance imaging
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exocrine parenchyma loss in pancreatic tissues distal to
SPN. Coarse calcifications were thought to have been
removed during cytohistologic preparation or elimi-
nated by demineralization. The boundary between β-
catenin-stained SPN cells and non-stained IDC cells
was clear (Fig. 7). Accordingly, the final pathological
diagnosis was SPN combined with IDC of the pan-
creas. The pancreatic IDC was classified as stage IIB
(pT3N1M0) according to the 8th edition of the Inter-
national Union Against Cancer Tumor–Node–Metas-
tasis classification. Postoperatively, the patient

followed an uneventful course and no complications.
Three weeks after surgery, the patient received adju-
vant chemotherapy with S-1, an oral fluoropyrimidine,
at a dose of 100 mg/day (60 mg per body surface
area). However, 4 weeks after surgery, she complained
of strong backache, and CEA and CA19-9 were ele-
vated to 8.3 ng/mL and 7088.6 U/mL, respectively.
MRI revealed multiple vertebral metastases despite no
bone metastasis preoperatively. Although chemother-
apy sessions were not interrupted, she died 8 weeks
after surgery.

Fig. 2 Magnetic resonance cholangiopancreatography examination. a Magnetic resonance cholangiopancreatography examination showing MPD
disruption (yellow arrow) in pancreatic body and MPD dilation in the distal side of the disruption (yellow arrowhead). b, c EUS showed a 21-mm
hypoechoic lesion near the calcification (yellow arrow). Invasion to the splenic vein by the tumor was suspected. MPD, main pancreatic duct; EUS,
endoscopic ultrasonography; SV, splenic vein

Fig. 3 Macroscopic examination of the resected specimen. Macroscopic examination of the resected specimen showing a 20-mm hard mass
(white arrow) and a 38-mm well-circumscribed nodule just distal to the mass (yellow arrowhead) in pancreatic body
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Discussion
SPN of the pancreas is a rare neoplasm, accounting for
approximately 0.3 to 2.7% of all pancreatic tumors [1].
Most SPNs are diagnosed in young female patients
under the age of 40 and reveal large tumors (mean
tumor diameter 5.9 cm) [2]. These tumors are frequently
located in the distal pancreas and are latent malignancies
with excellent prognosis [2, 4]. Most patients are cured
after radical surgery, with an increasing number of min-
imally invasive surgeries for SPN [5]. However, 10–15%
of SPN cases have aggressive features, including

lymphovascular invasion, adjacent organ invasion, and
metastatic disease [6, 7]. Typical immunohistochemistry
findings for SPN include positive staining for nuclear β-
catenin and CD-10 [2, 8]. Characteristic imaging features
of SPNs include a calcified peripheral rim. A previous
study demonstrated calcification in 30.5% of SPN cases
and ossification in only 3.3% [9]. The present case was a
SPN with both calcification and ossification, who was
older than the mean age of diagnosis. On the other hand,
the prognosis of pancreatic IDC is extremely poor [3]. To
the best of our knowledge, there is no literature of SPN

Fig. 4 Tumor mapping showing IDC was adjacent to SPN in pancreatic body. IDC, invasive ductal carcinoma; SPN, solid
pseudopapillary neoplasm

Fig. 5 Histopathological findings (hematoxylin–eosin staining). a Well-differentiated invasive ductal adenocarcinoma (× 200 original
magnification). b Vitrified tissues with areas containing uniform tumor cells (× 400 original magnification). c Calcification (black arrowhead) and
ossification (black arrow) in the vitrified tissues (× 200 original magnification)
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combined with IDC of the pancreas, and the correlation
with SPN and IDC remains to be clarified.
In the case presented here, SPN with no malignant

features was adjacent to IDC. However, SPN was charac-
terized by different grades of histologic atypia, with clear
boundaries between them. Additionally, SPN was posi-
tive for β-catenin and CD10, but IDC was negative for
these immunohistochemical stainings. As described
above, we did not observe signs of histological trans-
formation indicating a transition between SPN and IDC,
and immunohistological features were different. These
findings indicate that SPN and IDC may occur
independently.

It is difficult to clarify what lesions preceded in this
case using the preoperative assessment and the patho-
logical findings. In the present case, the number of viable
SPN cells was small, and the number of vitrified tissues
was high. Additionally, ossification was also observed in
the vitrified tissues. These findings suggest that SPN
may have existed long before the development of IDC.
Furthermore, the presence of SPN for a long period of
time might have caused inflammation in the pancreatic
tissue. Possible explanations for pancreatitis induced by
SPN include two hypotheses. First, recurrent inflamma-
tion caused by SPN itself may affect surrounding pancre-
atic tissues. Iijima et al. [10] reported that calcification
may be caused by recurrent inflammation and necrosis

Fig. 6 Histopathological findings (immunohistochemical staining). a Histopathological findings (immunohistochemical staining) showing positive
staining for β-catenin and CD10. a β-catenin staining (× 400 original magnification). b CD10 staining (× 400 original magnification)

Fig. 7 Tumor mapping and histopathological findings (immunohistochemical staining). The boundary between SPN (positive β-catenin staining)
and IDC (no β-catenin staining) was clear (blue line)
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over a long period of time. In the present case, there was
calcification without cystic components even inside the
SPN. Furthermore, the patient was more than 20 years
older than the mean age of diagnosis, which may suggest
a more long-term presence of SPN. These findings sug-
gest recurrent inflammation associated with SPN over a
long period of time. Second, SPN with calcification and
ossification could lead to MPD stenosis, resulting in in-
flammation of pancreatic tissues distal to SPN. Tajima
et al. [11] reported a case of MPD stenosis caused by
SPN with ossification. The present case presented SPN
with calcification and ossification. Additionally, there
was fibrosis with tissue destruction and exocrine paren-
chyma loss in pancreatic tissues distal to SPN, suggest-
ing chronic pancreatitis. Based on these findings, SPN
with calcification and ossification could lead to MPD
stenosis, which might cause pancreatitis.
SPN cells show β-catenin staining in both the cyto-

plasm and nucleus due to the presence of a mutation in
the gene that activates β-catenin expression. Aberrant
cell cycle signaling through the β-catenin pathway has
been associated with tumorigenesis in SPN and other
cancers [12, 13]. Additionally, β-catenin signaling dys-
regulation is involved in chronic inflammation [14]. As
discussed so far, pathological findings of the present case
may support the correlation with long-term presence of
SPN and chronic pancreatitis. Furthermore, chronic in-
flammation leads to the collapse of homeostatic interac-
tions in the tissue microenvironment [14], and chronic
pancreatitis is considered to be a high-risk factor for
pancreatic cancer [15, 16]. Based on these findings, the
long-term presence of SPN may contribute to the devel-
opment of IDC, even though SPN is a low-grade malig-
nant tumor. Further studies are needed to clarify the
relationship between SPN and IDC.
In the present case, a prognostic factor was not cer-

vical cancer but pancreatic cancer. However, the patient
had not yet been diagnosed with pancreatic cancer at
the time the patient was diagnosed with inoperable cer-
vical cancer. Moreover, few studies had reported the effi-
ciency of neoadjuvant chemotherapy for resectable
pancreatic cancer at that time. For this reason, the pan-
creatic tumor was inspected while performing radiation
therapy for cervical cancer, and subsequently, distal pan-
createctomy was performed without neoadjuvant
chemotherapy. The present case was diagnosed with re-
sectable pancreatic cancer, which is currently a candi-
date for neoadjuvant chemotherapy [17]. Therefore,
neoadjuvant chemotherapy and several watchful-wait
interval for pancreatic cancer should be considered
when the patient was diagnosed with pancreatic cancer
and cervical cancer at the same time.
Postoperatively, the present case was diagnosed with

multiple bone metastases, and she died 2 months after

surgery. An autopsy was not performed because her family
did not hope it, and the origin of bone metastasis remained
unknown. Bone metastasis has been reported to occur in 5
to 20% of patients with pancreatic cancer, while in 1 to 16%
of patients with cervical cancer [18–20]. Preoperatively,
CEA, CA19-9, DUPAN-2, and Span-1 were elevated. How-
ever, tumor markers except for CEA and CA19-9 were not
measured postoperatively. Furthermore, CEA and CA19-9
may be also elevated in cervical cancer. For this reason, it is
difficult to predict a primary cancer from changes in tumor
markers. Median survival of pancreatic cancer with bone
metastasis was 7months, while those of cervical cancer with
bone metastasis was 34months [21, 22]. Considering her
course, the origin of metastasis may be pancreatic cancer ra-
ther than cervical cancer.

Conclusions
We report the first case of SPN combined with IDC of
the pancreas. The present case suggests that they may
occur independently and the long-term presence of SPN
may lead to the development of IDC.

Abbreviations
SPN: Solid pseudopapillary neoplasm; IDC: Invasive ductal carcinoma;
CEA: Carcinoembryonic antigen; CA19-9: Carbohydrate antigen 19-9; Gd-EOB-
DPTA: Gadolinium-ethoxybenzyl-diethylenetriamine pantaacetic acid;
MRI: Magnetic resonance imaging; MPD: Main pancreatic duct;
EUS: Endoscopic ultrasonography

Acknowledgements
The present study was supported in part by the Japan Society for the
Promotion of Science Grant-in-Aid for Research Activity start-up ssno.
19K23918, the Shinnihon Foundation of Advanced Medical Treatment Re-
search, and Fukuoka Foundation for Sound Health Cancer Research Fund.
We thank Editage (www.editage.com) for English language editing.

Authors’ contributions
CT wrote the manuscript. TA supervised the writing of the manuscript. YS
and KN performed the surgical procedures and managed the patient’s
perioperative course. ST and DK contributed to drafting the pathological and
imaging findings of the manuscript, respectively. TN provided the final
approval for this manuscript. All authors have read and approved the final
manuscript.

Funding
Not applicable.

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Surgery, Kitakyushu Municipal Medical Center, 2-1-1 Bashaku,
Kokurakita-Ku, Kitakyushu 802-0077, Japan. 2Department of Surgery 1, School
of Medicine, University of Occupational and Environmental Health,
Kitakyushu, Japan. 3Department of Pathology, Kitakyushu Municipal Medical

Tsutsumi et al. Surgical Case Reports           (2020) 6:202 Page 6 of 7

http://www.editage.com


Center, Kitakyushu, Japan. 4Department of Radiology, Kitakyushu Municipal
Medical Center, Kitakyushu, Japan.

Received: 20 July 2020 Accepted: 30 July 2020

References
1. Kang CM, Choi SH, Kim SC, Lee WJ, Choi DW, Kim SW. Predicting recurrence

of pancreatic solid pseudopapillary tumors after surgical resection: a
multicenter analysis in Korea. Ann Surg. 2014;260:348–55.

2. Lubezky N, Papoulas M, Lessing Y, Gitstein G, Brazowski E, Nachmany I, et al.
Solid pseudopapillary neoplasm of the pancreas: management and long-
term outcome. Eur J Surg Oncol. 2017;43:1056–60.

3. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Cancer J Clin. 2019;69:7–34.
4. Kim CW, Han DJ, Kim J, Kim YH, Park JB, Kim SC. Solid pseudopapillary tumor

of the pancreas: can malignancy be predicted? Surgery. 2011;149:625–34.
5. Nakamura Y, Matsushita A, Katsuno A, Yamahatsu K, Sumiyoshi H, Mizuguchi

Y, et al. Clinical outcomes for 14 consecutive patients with solid
pseudopapillary neoplasms who underwent laparoscopic distal
pancreatectomy. Asian J Endosc Surg. 2016;9:32–6.

6. Nishihara K, Nagoshi M, Tsuneyoshi M, Yamaguchi K, Hayashi I. Papillary cystic tumors
of the pancreas. Assessment of their malignant potential. Cancer. 1993;71:82–92.

7. Nishihara K, Tsuneyoshi M. Papillary cystic tumours of the pancreas: an analysis
by nuclear morphometry. Virchows Arhciv A Pathol Anat. 1993;42:106–10.

8. Abe A, Ohishi Y, Miyazaki T, Ozono K, Mochidome N, Saeki K, et al.
‘Microcystic pattern’ should be recognised as part of the morphological
spectrum of solid-pseudopapillary neoplasm of the pancreas.
Histopathology. 2018;72:216–26.

9. Yoshioka M, Egami I, Maeda S, Katayama H, Matsuda K, Uchida E, et al.
Clinicopathological feature and surgical treatment of solid-pseudopapillary
tumor of the pancreas-a review of 302 cases reported in Japan and our six
cases (in Japanese with English abstract). Tan Sui. 2001;22:45–52.

10. Iijima T, Nitta A, Horiuchi H, Sumi Y, Tamamoto F, Fukunaga M, et al. A case
of solid and cystic tumor of the pancreas with ossification-follow-up study
of the 45 cases in Japan- (in Japanese with English abstract). Nippon
Shokakibyo Gakkai Zasshi. 1988;85:1123–7.

11. Tajima K, Kawaguchi Y, Ito H, Ogawa M, Toriumi K, Hirabayashi K, et al. A
case of pancreatic solid-pseudopapillary neoplasm with marked ossification.
Clin J Gastroenterol. 2011;4:112–7.

12. Nusse R, Clevers H. Wnt/β-catenin signaling, disease, and emerging
therapeutic modalities. Cell. 2017;169:985–99.

13. Shang S, Hua F, Hu ZW. The regulation of β-catenin activity and function in
cancer: therapeutic opportunities. Oncotarget. 2017;8:33972–89.

14. Katoh M. Multi-layered prevention and treatment of chronic inflammation,
organ fibrosis and cancer associated with canonical WNT/β-catenin
signaling activation. Int J Mol Med. 2018;42:713–25.

15. Pinho AV, Chantrill L, Rooman I. Chronic pancreatitis: a path to pancreatic
cancer. Cancer Lett. 2014;345:203–9.

16. Howes N, Neoptolemos JP. Risk of pancreatic ductal adenocarcinoma in
chronic pancreatitis. Gut. 2002;51:765–6.

17. Motoi F, Kosuge T, Ueno H, Yamaue H, Satoi S, Sho M, et al. Randomized phase II/III
trial of neoadjuvant chemotherapy with gemcitabine and S-1 versus upfront surgery
for resectable pancreatic cancer (Prep-02/JSAP-05). J Clin Oncol. 2019;49:190–4.

18. Hatfield DR, DeLand FH, Maruyama Y. Skeletal metastases in pancreatic
carcinoma: study by isotopic bone scanning. Oncology. 1976;33:44–7.

19. Borad MJ, Saadati H, Lakshmipathy A, Campbell E, Hopper P, Jameson G,
et al. Skeletal metastases in pancreatic cancer: a retrospective study and
review of the literature. Yale J Biol Med. 2009;82:1–6.

20. Makino H, Nishio S, Tsubamoto H, Shimada M, Nishikawa R, Kai K, et al.
Treatment and prognosis of bone metastasis from cervical cancer (KCOG-
G1202s). J Obstet Gynaecol Res. 2016;42:701–6.

21. Nartthanarung A, Thanapprapasr K, Udomsubpayakul U, Thanapprapasr D.
Age and survival of cervical cancer patients with bone metastasis. Asian Pac
J Cancer Prev. 2014;15:8401–4.

22. Outani H, Akita H, Nakai T, Takada R, Imura Y, Tanaka T, et al. Clinical
features and prognosis of patients with the bone metastasis of pancreatic
cancer: a single-institutional cohort study. Pancreas. 2018;47:e43–6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Tsutsumi et al. Surgical Case Reports           (2020) 6:202 Page 7 of 7


	Abstract
	Background
	Case presentation
	Conclusions

	Background
	Case presentation
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

