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Abstract
Pancreatic endocrine tumors are rare but are among the 
most common neuroendocrine neoplasms of the abdo-
men. At diagnosis many of them are already advanced and 
difficult to treat. We report on an initially inoperable malig-
nant pancreatic endocrine tumor in a 33-year-old woman, 
who received neoadjuvant peptide receptor radionuclide 
therapy (PRRT) as first-line treatment. This resulted in a 
significant downstaging of the tumor and allowed its sub-
sequent complete surgical removal. Follow-up for eighteen 
months revealed a complete remission. This is the first re-
port on neoadjuvant PRRT in a neuroendocrine neoplasm 
with subsequent successful complete resection. 
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INTRODUCTION
Although pancreatic endocrine tumors (pNETs) are 
rare, they are among the most common neuroendocrine 
neoplasms of  the abdomen[1]. PNETs account for less 
than 5% of  all primary pancreatic malignancies. They 
are separated into functional (insulinomas, gastrinomas, 
glucagonomas, somatostatinomas) and non-functional 
pNETs. Non-functioning pNETs are pancreatic tumors 
with endocrine differentiation that lack a clinical syndrome 
of  hormone hypersecretion. Up to 60% of  non-functioning 
endocrine pancreatic tumors are already metastasized at 
diagnosis. In the advanced stage the pNETs still remains 
a interdisciplinary challenge. Pancreatic neuroendocrine 
tumors treatment by chemotherapy and radiation therapy 
has not demonstrated significant antitumoral effects. 
Because well differentiated neuroendocrine neoplasms 
usually express somatostatin receptors, they can be targeted 
with peptide receptor radionuclide therapy (PRRT) with 
palliative intention[2,3]. Several studies showed promising 
results in patients with advanced neuroendocrine tumors, 
with a partial response or disease stabilisation in palliative 
treatment[3,4]. But surgery still remains the gold standard 
in the management of  pNETs[5]. Aggressive surgical 
resection can be performed safely and may improve both 
symptomatic disease and overall survival[6]. Prognostic 
indices such as tumor differentiation and the ability to 
achieve R0 resection have been linked to survival outcome. 
Here we describe the treatment of  an initially inoperable 
pNET with peptide receptor radionuclides and show that 
this neoadjuvant treatment resulted in downstaging of  the 
tumor and curative surgery. 

CASE REPORT
A 33-year-old woman was admitted to an external hospital 
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because of  recurrent abdominal pain, flush attacks and 
diarrhea. CT revealed enlarged paraaortic lymph nodes, 
but no primary tumor. On exploratory laparotomy a 
tumor in the head of  the pancreas was found and was 
thought to be a pancreatic ductal adenocarcinoma. This 
tumor was deemed inoperable because of  the involvement 
of  the mesenteric vessels and the paraaortic lymph nodes. 
Therefore only a lymph node biopsy was obtained. 
Histological investigation of  the biopsy specimen revealed 
a lymph node metastasis (peripancreatic) of  a highly 
differentiated neuroendocrine carcinoma that stained 
positive for chromogranin A and synaptophysin (Figure 
1A and B). There was no expression of  insulin, glucagon, 
somatostatin, or pancreatic polypeptide. The somatostatin 
receptor SSTR2 showed distinct membranous expression 
(Figure 1C). The tumor cells were only supported by 
small stromal tissue bands. A [68Ga]DOTA-1-Nal3-
octreotide (NOC) PET/CT was performed to evaluate 
the somatostatin receptor status. Chromogranin A and 
serotonin serum levels were normal at all times. Finally, 
the patient was diagnosed as having a highly differentiated 
neuroendocrine pancreatic carcinoma, stage Ⅳ. Biotherapy 
with a somatostatin analogue failed. The patient still 
complained about flushes and diarrhea.

As the patient resolutely refused any chemotherapy, 
but was willing to undergo radioreceptor therapy, 
two cycles of  PRRT were administered intravenously. 
The first cycle, administering 6000 MBq (162.1 mCi) 
[90Y]DOTA-TATE (DOTA-[Tyr3] octreotate) was given 
in February 2007 and the second one, injecting 4500 
MBq (121.6 mCi), in June 2007. To prevent nephro-
toxicity, an amino acid infusion based on the protocol 
of  Jamar et al[7] was used. Kidney function was measured 
by 99mTc-DTPA using the single sample plasma clearance 
method for GFR calculation. 99mTc-MAG3 was used for 
dynamic renal scintigraphy and for determination of  

the tubular extraction rate (TER). The blood profile and 
routine laboratory parameters (electrolytes, liver function 
tests, creatinine, BUN etc.) were checked prior to therapy 
and then every month.

Mild grade 1 anemia and erythrocytopenia were noted 
as the only side effects. There was no other hematotoxicity 
or nephrotoxicity.

After 2 cycles the abdominal lymph node metastases 
had regressed significantly and PET/CT using [68Ga]DO-
TA-NOC and 18F-FDG ([18F]fluor-2-deoxy-glucose) 
performed in October 2007 indicated that the patient 
was operable. After every PRRT cycle a partial remission 
(EORTC criteria 1999) was detected (Figure 2B and C).

In November 2007, a pylorus-preserving pancreato-
duodenectomy (Traverso-Longmire) was performed 
with en bloc resection of  parts of  the jejunum and 
its mesenterium and lymph nodes (Figure 3). The 
operation specimen revealed a tumor in the head of  
the pancreas that was more than 2 cm in diameter 
and had metastasized to one mesenteric lymph node. 
Histologically, the endocrine tumor formed a trabecular 
pattern. The cell structures were embedded in well 
developed hyaline connective tissue, some parts of  
which were myxomatous. In the myxomatous area there 
were aggregates of  CD68 positive macrophages that 
were occasionally positive for iron (Figure 1D). The 
tumor tissue infiltrated the surrounding pancreatic and 
interstitial tissue and also showed perineural infiltration. 
Immunohistologically, about 5%-10% of  the tumor cells 
expressed glucagon or somatostatin and were negative 
for insulin, serotonin and pancreatic polypeptide. 
The somatostatin receptor SSTR2 showed a distinct 
membranous staining pattern in all tumor cells. The 
lymph node was filled with tumor tissue. The final stage 
was ypT2 pN1 pM1(LYM) G3 R0 L0 V0[8]. The patient 
left the hospital 19 d after the operation. Six, twelve and 

www.wjgnet.com

A B

C D

Figure 1  Histological images. 
A: Lymph node metastasis of a 
high differentiated neuroendocrine 
carcinoma of the pancreas show
ing a trabecular pattern (HE, × 
120); B The cells are positive for 
synaptophysin (× 120); C: High 
membranous expression of soma
tostatinreceptor SSTR2 (× 120); D: 
Macrophages (CD68positive) as a 
sign for tumor necrosis after PRRT (× 
120). 
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eighteen months later a [68Ga]DOTA NOC PET/CT 
revealed a complete remission (Figure 2D). 

DISCUSSION
Advanced malignant pNETs are difficult to treat[9,10] and 
there are only a few studies on the resection of  pNETs 
with extensive local spread. It seems, however, that 
patients with advanced malignant pNETs benefit from 
resection, because postoperative actuarial 5-year survival 
rates of  up to 80% have been reported after extended 
tumor resection, even with synchronous metastasis[11,12]. 

Nonetheless, the presence of  liver or distant metastases 
is the prognostic factor determining survival[13]. In our 
patient, the diagnosis of  a malignant well differentiated 
pNET was made on a biopsy specimen obtained during 
an explorative laparotomy. Tumor tissue showed a high 
expression of  the somatostatin receptor SSTR2. Since the 
patient refused any chemotherapy, treatment with PRRT 
was performed. In the course of  therapy an excellent 
downstaging of  the initially inoperable tumor was reached. 
The oncology concept was changed from palliative to 
curative intent considering operability. PRRT is usually 
used as a palliative treatment[14]. Currently, there are no 
reports that deal with the use of  radionuclide therapy as 
a neoadjuvant strategy in oncological surgery. Our case 
indicates that this therapy may be useful for downstaging 
and downsizing well differentiated neuroendocrine 
tumors, thereby achieving a higher operability rate. We 
recommend first performing [68Ga]DOTA-NOC PET/
CT to evaluate the somatostatin receptor status[15,16]. If  
there is high SSTR expression PRRT will be effective[17]. 
In addition, staging of  the patient after every cycle 
is required in order to evaluate the response and the 
operability. The tumor should be downsized to an extent 
in which a R0-resection should be feasible. In case of  a 
relapse, which is not unlikely[11], another course of  PRRT 
is again a therapeutic option.

In conclusion, based on the encouraging results 
obtained in this case we believe that neoadjuvant PRRT 
is a novel approach in the treatment of  surgically unrese-
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Figure 2  Gallium-68 DOTA-NOC PET-CT in the follow up. A: Octreotide scan prior to PRRT1, Gallium68 DOTA NOC PETCT and prior operation, showing 
multiple paraaortal lymph nodes next to the pancreas head; B: 3 mo after PRRT1; C: 5 mo after PRRT2 showing consistently decreasing mesenterial lymph nodes 
metastases with a decreasing SUV; D: Octreotide scan as follow up 18 mo after operationcomplete remission.
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Figure 3  The pancreatic tumor with lymph node metastases (peripancreatic 
and one distal mesenteric lymph node metastasis) after pylorus-preserving 
duodenopancreatectomy and mesenteric lymphadenectomy en bloc.
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ctable pNETs in patients with positive somatostatin 
receptor status. 

REFERENCES
1 Anlauf M, Sipos B, Kloppel G. [Tumors of the endocrine 

pancreas] Pathologe 2005; 26: 46-51
2 Gulec SA, Baum R. Radio-guided surgery in neuroendocrine 

tumors. J Surg Oncol 2007; 96: 309-315
3 Kwekkeboom DJ, de Herder WW, Kam BL, van Eijck 

CH, van Essen M, Kooij PP, Feelders RA, van Aken MO, 
Krenning EP. Treatment with the radiolabeled somatostatin 
analog [177 Lu-DOTA 0,Tyr3]octreotate: toxicity, efficacy, 
and survival. J Clin Oncol 2008; 26: 2124-2130 

4 Muros MA, Varsavsky M, Iglesias Rozas P, Valdivia J, 
Delgado JR, Forrer F, Bodei L, Paganelli G. Outcome of 
treating advanced neuroendocrine tumours with radiolabelled 
somatostatin analogues. Clin Transl Oncol 2009; 11: 48-53

5 O’Grady HL, Conlon KC. Pancreatic neuroendocrine 
tumours. Eur J Surg Oncol 2008; 34: 324-332

6 Nomura N, Fujii T, Kanazumi N, Takeda S, Nomoto S, 
Kasuya H, Sugimoto H, Yamada S, Nakao A. Nonfunctioning 
neuroendocrine pancreatic tumors: our experience and 
management. J Hepatobiliary Pancreat Surg 2009; 16: 639-647

7 Jamar F, Barone R, Mathieu I, Walrand S, Labar D, Carlier 
P, de Camps J, Schran H, Chen T, Smith MC, Bouterfa 
H, Valkema R, Krenning EP, Kvols LK, Pauwels S. 
86Y-DOTA0)-D-Phe1-Tyr3-octreotide (SMT487)--a phase 1 
clinical study: pharmacokinetics, biodistribution and renal 
protective effect of different regimens of amino acid co-
infusion. Eur J Nucl Med Mol Imaging 2003; 30: 510-518

8 Rindi G, Kloppel G, Alhman H, Caplin M, Couvelard 
A, de Herder WW, Erikssson B, Falchetti A, Falconi M, 
Komminoth P, Korner M, Lopes JM, McNicol AM, Nilsson 
O, Perren A, Scarpa A, Scoazec JY, Wiedenmann B. TNM 

staging of foregut (neuro)endocrine tumors: a consensus 
proposal including a grading system. Virchows Arch 2006; 
449: 395-401

9 Dralle H, Krohn SL, Karges W, Boehm BO, Brauckhoff 
M, Gimm O. Surgery of resectable nonfunctioning 
neuroendocrine pancreatic tumors. World J Surg 2004; 28: 
1248-1260

10 Norton JA, Warren RS, Kelly MG, Zuraek MB, Jensen RT. 
Aggressive surgery for metastatic liver neuroendocrine 
tumors. Surgery 2003; 134: 1057-1063; discussion 1063-1065

11 Norton JA, Kivlen M, Li M, Schneider D, Chuter T, Jensen 
RT. Morbidity and mortality of aggressive resection in 
patients with advanced neuroendocrine tumors. Arch Surg 
2003; 138: 859-866

12 Kazanjian KK, Reber HA, Hines OJ. Resection of pancreatic 
neuroendocrine tumors: results of 70 cases. Arch Surg 2006; 
141: 765-769; discussion 769-770

13 Rindi G, D’Adda T, Froio E, Fellegara G, Bordi C. Prognostic 
factors in gastrointestinal endocrine tumors. Endocr Pathol 
2007; 18: 145-149

14 Wehrmann C, Senftleben S, Zachert C, Muller D, Baum RP. 
Results of individual patient dosimetry in peptide receptor 
radionuclide therapy with 177Lu DOTA-TATE and 177Lu 
DOTA-NOC. Cancer Biother Radiopharm 2007; 22: 406-416

15 Wild D , Schmitt JS, Ginj M, Macke HR, Bernard BF, 
Krenning E, De Jong M, Wenger S, Reubi JC. DOTA-NOC, 
a high-affinity ligand of somatostatin receptor subtypes 2, 3 
and 5 for labelling with various radiometals. Eur J Nucl Med 
Mol Imaging 2003; 30: 1338-1347

16 Zhernosekov K, Aschoff P, Filosofov D, Jahn M, Jennewein M, 
Adrian HJ, Bihl H, Rosch F. Visualisation of a somatostatin 
receptor-expressing tumour with 67Ga-DOTATOC SPECT. 
Eur J Nucl Med Mol Imaging 2005; 32: 1129

17 Baum RP, Prasad V, Hommann M, Horsch D. Receptor 
PET/CT imaging of neuroendocrine tumors. Recent Results 
Cancer Res 2008; 170: 225-242

S- Editor  Wang JL    L- Editor  O’Neill M    E- Editor  Ma WH

www.wjgnet.com

5870    ISSN 1007-9327    CN 14-1219/R    World J Gastroenterol    December 14, 2009    Volume 15    Number 46


