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Clinical Practice Guidelines for Pancreatic Cancer Based on
Evidence-based Medicine, 2006, were published by the
Japan Pancreas Society (Committee for Revision of Clinical
Guidelines for Pancreatic Cancer) in March 2009 in
Japanese' and were revised to Clinical Practice Guidelines
for Pancreatic Cancer Based on Evidence-based Medicine
2009 in July 2009 in Japanese.” These guidelines were estab-
lished according to Evidence-Based Medicine. A total of
443 papers were collected from 2544 reports concerning
pancreatic cancer that were listed on PubMed and Igakuchuo
Zasshi from July 2004 to April 2007. This new guidelines
were written by members of the Committee for Revision of
Clinical Practice Guidelines for Pancreatic Cancer in the
Japan Pancreas Society. The guidelines show algorithm for
the diagnosis (Fig. 1) and treatment (Fig. 2) of pancreatic
cancer, address five subjects: diagnosis, chemotherapy, radi-
ation therapy, surgical therapy and adjuvant therapy, and
include 25 clinical questions (CQs) and 39 recommen-
dations. The corresponding CQ numbers are inserted in the
algorithms. There are five degrees of recommendation:

A Strongly recommended because there is strong scientific
evidence.

B Recommended because there is scientific evidence.

Cl Recommended although there is no scientific evidence.

C2 Not recommended because there is no scientific
evidence.

D Not recommended because there is evidence showing
that it is ineffective or harmful.

This article presents a synopsis of the guidelines in
English.

Diagnosis

CQ1-1 What are risk factors for pancreatic cancer?

The below-mentioned risk factors have been reported to
have evidences supporting the relationship between the
factors and pancreatic cancer:

(i) Family history: pancreatic cancer and hereditary pan-
creatic cancer syndrome.

(if) Accompanying diseases: diabetes mellitus, obesity,
chronic pancreatitis, hereditary pancreatitis, intraductal
papillary mucinous neoplasm (IPMN).

(ii1) Habits: tobacco.

REcOMMENDATION 1-1

(i) Patients with more than one risk factor are rec-
ommended to undergo further examination to detect
pancreatic cancer (Grade B).

(it) IPMN progresses to invasive cancer and accompanies
pancreatic cancer. IPMN should be adequately
assessed and carefully followed up (Grade B).

CQ1-2 What are the clinical symptoms of pancreatic cancer?
The below-mentioned clinical symptoms have been reported
as those of pancreatic cancer:

(i) Abdominal pain is the most frequent symptom, fol-
lowed by jaundice, back pain and body weight loss.
(11) Clinically silent pancreatic cancer.
(iii) Fifty percent of pancreatic cancer patients show
early-onset diabetes mellitus (glycogen metabolism
disturbance) within 3 years.

RECOMMENDATION 1-2

(i) Patients with unexplainable abdominal pain, back
pain, jaundice and/or body weight loss should
undergo further examination for pancreatic cancer.
However, the clinical outcome of symptomatic pan-
creatic cancer is poor (Grade B).

© The Author (2011). Published by Oxford University Press. All rights reserved.
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Algorithm for diagnosis of pancreatic cancer

§88;3 Clincal symptoms, Pancreatic
(cQ1-3)| enzymes/Tumor markers/Risk factors, US

i

Egglii [CT and/or MRI (MRCP) |
(CQ1-4) | EUS and/or ERCP and/or PET |
(cQ1-6) 7
|Diagnosis undetermined |
I

logy/Histo
(CQ1-5) ngggggf};tulg%n

—

| Diagnosis determined ]

Figure 1. Algorithm for diagnosis of pancreatic cancer.

Algorithm for treatment of pancreatic cancer

[cStage 1, 1 11} [cStage Va | |cStage Vb |
- - Y
- - AY
| Resectable | [Unresectable | \\\
QCQ 4-)/ \
CQ 5-1 \

Ay
.
|_Surgical resection | [Chemoradiation | [Chemotherapy] [BSC]

CQ4-2[ 3,45 CQ 8-1,2,3,4,5) (CQ 2-1,2, 3, H){CQ2-2
CozAZ A ) )(c0Z-2)
- BSC: best supportive care
Adjuvant therapy cStage:General rules for the
(CQ 5-3, 4)

study of pancreatic cancer/The
5% edition/Japan Pancreas
Society

Figure 2. Algorithm for treatment of pancreatic cancer.

(i1) Early-onset diabetes mellitus (poor glycogen metab-
olism) and deterioration of diabetes mellitus suggest
the presence of pancreatic cancer and necessitate
further examination for pancreatic cancer (Grade B).
Early-onset diabetes mellitus (within less than 3
years) may indicate pancreatic cancer.

CQI1-3 What is the first step when pancreatic cancer is
suspected?

The below-mentioned examinations are the first-step diag-
nostic procedures of pancreatic cancer:

(i) Serum pancreatic enzyme
(i) Tumor markers
(iii) Ultrasound (US)
(iv) Computed tomography (CT).

RECOMMENDATION 1-3

(i) The serum pancreatic enzyme level is important, but
1s not specific for pancreatic cancer (Grade C1).

(i1) Serum tumor makers including CA19-9 are rec-
ommended for the diagnosis of pancreatic cancer and
follow-up of pancreatic cancer (Grade B), but they are
not useful for the diagnosis of early pancreatic cancer.

(1i1) US is recommended for the first screening for pan-
creatic cancer (Grade B) but has a low rate of
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detecting pancreatic cancer (Grade C1). Dilatation of
the main pancreatic duct or a pancreatic cyst is an
important indirect sign of pancreatic cancer (Grade
B). Further examination, including CT, is therefore
strongly recommended if such signs are evident
(Grade A).

Patients the abnormal findings listed above should be
periodically examined and careful follow-up is rec-

ommended if no diagnosis of pancreatic cancer
obtained (Grade B).

(iv)

CQI1-4 What is the second step when pancreatic cancer is
suspected?

RecoMMENDATION 1-4

(1) Qualitative diagnosis is important and is strongly rec-
ommended to determine the treatment of pancreatic
cancer (Grade A).

(i) US and CT (enhancing) should be performed and
additional examination by magnetic resonance cholan-
giopancreatography, endoscopic ultrasound (EUS),
ERP or positron emission tomography is strongly rec-
ommended when necessary (Grade A).

CQ1-5 What is the significance and indications for cytology
and biopsy of pancreatic cancer?

RECOMMENDATION 1-5

(i) Either a histological or cytological diagnosis is rec-
ommended before treatment started if no qualitative
diagnosis of pancreatic mass obtained. Aspiration
cytology or histology with US guidance, cytology or
histology under endoscopic ultrasonography, pancrea-
tic juice cytology under endoscopic retrograde cholan-
giopancreatography (ERCP) or histology under ERCP
should be obtained to achieve a definite diagnosis,
depending on the patients or institution (Grade B).
Aspiration cytology under endoscopic ultrasonography
is useful when the lesion is not detected by ultrasono-
graphy or CT (Grade C1).

(ili) A genetic analysis is important to confirm the

cytology or histology (Grade C1).

(i)

CQI-6 How do you determine clinical staging of pancreatic
cancer?

RECOMMENDATION 1-6

Multidetector CT or EUS is recommended for staging diag-
nosis (TNM) of pancreatic cancer (Grade B).

Chemotherapy

CQ2-1 Is chemotherapy alone recommended for locally
advanced unresectable pancreatic cancer?
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RecoMMENDATION 2-1

Chemotherapy alone is recommended as one of options for
the treatment of locally advanced unresectable pancreatic
cancer (Grade B).

CQ2~-2 What is the first-line chemotherapy for metastatic
pancreatic cancer?

RECOMMENDATION 2-2

Gemcitabine (GEM) is recommended as the first-line treat-
ment for metastatic pancreatic cancer (Grade A).

CQ2-3 How long is GEM continued for unresectable pan-
creatic cancer?

RECOMMENDATION 2-3

GEM 1is continuously administered for unresectable pancrea-
tic cancer until clear progression becomes evident if there
are no adverse effects causing interruption of the adminis-
tration of GEM (Grade B).

CQ2-4 Is second-line chemotherapy recommended for
unresectable pancreatic cancer?

RECOMMENDATION 2-4

There is no scientific evidence of effective second-line che-
motherapy within the insurance allowance in this country,
but some reports suggest effectiveness. Some recent random-
ized clinical trials in other countries have reported effective
second-line chemotherapy. Second-line chemotherapy can be
considered in patients whose physical status is good and are
fully informed after a detailed explanation (Grade C1).

Radiotherapy

CQ3-1 Is chemoradiation effective for locally advanced
unresectable pancreatic cancer?

RECOMMENDATION 3-1

Chemoradiation is effective for locally advanced unresect-
able pancreatic cancer and is recommended as one of the
options for treatment (Grade B).

CQ3-2 What is the standard combined chemotherapy for
chemoradiation for locally advanced unresectable pancreatic
cancer?

RECOMMENDATION 3-2

5-fluorouracil (5-FU) (Grade B) is the standard chemother-
apy for chemoradiation for locally advanced pancreatic
cancer.

Although there is no definite evidence supporting
GEM-based chemoradiation, some report its usefulness.
A safe regimen of GEM-based chemoradiation can be

EBM-based clinical guidelines for pancreatic cancer
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considered as one of the options for treatment after the pro-
cedure is fully explained and the patient provides informed
consent (Grade C1).

CQ3-3 Is the lymph node included in the clinical standard
field of external radiation therapy for locally advanced unre-
sectable pancreatic cancer?

RecoMMENDATION 3-3

There have been no prospective randomized clinical trials
concerning this CQ. Radiation including the tumor and the
positive lymph nodes in the radiation field is recommended
prophylactically, although there is no supportive scientific
evidence (Grade C1).

CQ3-4 TIs intraoperative radiation effective for locally
advanced pancreatic cancer?

RECOMMENDATION 3-4

There are reports of the efficacy of intraoperative radiation
for locally advanced unresectable pancreatic cancer.
However, there is no scientific evidence that intraoperative
radiation improves the clinical course of locally advanced
unresectable pancreatic cancer (Grade C1).

CQ3-5 Does chemoradiation improve the quality of life of
patients with unresectable pancreatic cancer?

RECOMMENDATION 3-5

Cancer radiation therapy (Grade C1) and chemotherapy
(Grade B) are therefore recommended to improve the quality
of patients with unresectable pancreatic cancer.

Surgical therapy

CQ4—1 Is surgical resection useful for Stage IVa pancreatic
cancer?

RECOMMENDATION 4-1

Surgical resection with an intended curative resection is rec-
ommended for pancreatic cancer up to Stage [Va* (Grade B).
Stage IVa*: Stage IVa indicates (S2 or R2 or PV2) and
(NO or N1) by Japan Pancreas Society Classification of pan-
creatic cancer, 4th Edition.
CQ4-2 Is preservation of the stomach useful in pancreato-
duodenectomy for pancreatic head cancer?

RECOMMENDATION 4-2

It is not clear whether preservation of the stomach improves
the rate of post-operative complications, quality of life, post-
operative pancreatic function and nutrition status of patients
with pancreatic cancer or not (Grade C1).
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Preservation of the stomach decreases the operation time
and blood loss in pancreatoduodenectomy but does not
decrease the survival rate after a surgical resection (Grade
Cl).

CQ4-3 Does combined portal vein resection improve the
clinical outcome of patients with pancreatic head cancer?

REcOMMENDATION 4-3

The effect of prophylactic portal vein resection intended to
increase the curability on the clinical course of patients with
pancreatic cancer is unclear. A portal vein resection is indi-
cated when surgical and dissection margins can be free from
cancer cells by portal vein resection (Grade C1).

CQ4-4 Is a radical resection with extended lymph node
dissection useful for pancreatic cancer?

RECOMMENDATION 4-4

The contribution of extended lymph node and nerve plexus
dissection to the improvement of clinical course of patients
with pancreatic cancer is unclear and there is no evidence to
support the performance of such an extended radical resec-
tion (Grade C2).

CQ4-5 Is the incidence of complications after pancreas
resection low in a high volume center?

RECOMMENDATION 4-5

The incidence of complications tends to be low in pancreatic
surgery including pancreatoduodenectomy and the manage-
ment of complications tends to be superior in institutions
with a high volume of pancreatic surgery (Grade B).

CQ4-6 Is surgical bypass or biliary stent significant in
unresectable pancreatic cancer?

ReEcoMMENDATION 4-6

Hepaticojejunostomy for the obstructive jaundice and pro-
phylactic gastrojejunostomy is recommended in patients
with unresectable obstructive jaundice after laparotomy
(Grade B).

Adjuvant therapy

CQ5-1 Does pre-operative therapy improve the clinical
outcome of patients with pancreatic cancer?

RECOMMENDATION 5-1

There is increasing evidence supporting the efficacy of pre-
operative treatment [(i) chemoradiation and (ii) chemother-
apy]. However, clinical trials or analyses of the long term
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are required to determine whether such therapy improves the
clinical outcome (Grade C1).

CQ5-2 Is intraoperative radiation therapy recommended at
the time of resection of pancreatic cancer?

RECOMMENDATION 5-2

There has been no definite evidence supporting the useful-
ness of intraoperative radiotherapy. However, clinical trials
or analyses of the long term are required to determine
whether such therapy improves the clinical outcome (Grade
Cl).

CQ5-3 Is post-operative chemoradiation recommended for
pancreatic cancer?

RECOMMENDATION 5-3

Meta-analysis of 5-FU-based post-operative chemoradiation
revealed no supportive evidence. However, clinical trials or
analyses of the long term are required to determine whether
GEM-based post-operative chemoradiation improves the
clinical outcome (Grade C1).

CQ5-4 Is post-operative adjuvant therapy recommended
for pancreatic cancer?

RECOMMENDATION 5-4

There is no definite international consensus on post-operative
adjuvant therapy. Post-operative GEM is safe and effective

and is recommended as post-operative chemotherapy
(Grade B).
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Absiract

Recent advances in localization techniques, such as the
selective arterial secretagogue injection test (SASI test)
and somatostatin receptor scintigraphy have promoted
curative resection surgery for patients with pancreatic
neuroendocrine tumors (PNET). For patients with spo-
radic functioning PNET, curative resection surgery has
been established by localization with the SASI test using
secretin or calcium. For curative resection of functioning
PNET associated with multiple endocrine neoplasia type
1 (MEN 1) which are usually multiple and sometimes
numerous, resection surgery of the pancreas and/or
the duodenum has to be performed based on localiza-
tion by the SASI test. As resection surgery of PNET has
increased, several important pathological features of
PNET have been revealed. For example, in patients with
Zollinger-Ellison syndrome (ZES), duodenal gastrinoma
has been detected more frequently than pancreatic
gastrinoma, and in patients with MEN 1 and ZES, gas-
trinomas have been located mostly in the duodenum,
and pancreatic gastrinoma has been found to co-exist
in 13% of patients. Nonfunctioning PNET in patients
with MEN 1 becomes metastatic to the liver when it is
more than 1 ¢cm in diameter and should be resected
after careful observation. The most important prognos-
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tic factor in patients with PNET is the development of
hepatic metastases. The treatment strategy for hepatic
metastases of PNET has not been established and ag-
gressive resection with chemotherapy and trans-arterial
chemoembolization have been performed with signifi-
cant benefit. The usefulness of octreotide treatment
and other molecular targeting agents are currently be-
ing assessed.

© 2010 Baishideng. All rights reserved.

Key words: Gastrinoma; Glucagonoma; Insulinoma; Mul-
tiple endocrine neoplasia type 1; Octreotide; Pancreas
preserving total duodenectomy; Pancreatic neuroendo-
crine tumors; Selective arterial secretagogue injection
test; Somatostatin receptor scintigraphy

Peer reviewers: Guida Portela-Gomes, MD, PhD, Professor, Fac-
ulty of Medicine, University of Lisbon, Rua Domingos Sequei-
ra-128, Estoril 2765-525, Portugal; Robert Jensen, MD, Digestive
Disease Branch, National Institutes of Health, Building 10, Rm
9C-103, Bethesda, MD 20892, United States

Imamura M. Recent standardization of treatment strategy for
pancreatic neuroendocrine tumors. World J Gastroenterol 2010,
16(36): 4519-4525 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v16/136/4519. htm DOI: http://dx.doi.
org/10.3748/wjg.v16.i36.4519

INTRODUCTION

As pancreatic neuroendoctine tumors (PNET) ate rarely
encountered in hospitals, standardization of diagno-
sis and/or the treatment strategy have not progressed
until recently. However, recent advances in localization
techniques, such as the selective arterial secretagogue
injection test (SASI test) and somatostatin receptor scin-
tigraphy (SRS) have promoted curative resection surgety
of PNET™. As the number of resections has rapidly
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increased, a few important characteristic pathological
features of PNET have been revealed year by year. The
Wotld Health Organization pathological classification
of PNET was evolutionally simplified in 2003 at the
Lion Meeting, and the term carcinoid was declared a
misnomer” (Table 1). Recently, a study group in the EU
published a few guidelines on gastroenteropancreatic
neuroendoctine tumors (GEPNET)®. In this work I will
review important progtess in the standardization of both
sutgical and medical treatment strategies for PNET.

In Western countries, PNET is found in about 1 petr
100000 population and represents 1%-2% of all pan-
creatic neoplasms®”. In the USA, it is suggested that
the incidence and prevalence of PNET has substantially
increased over the last 30 years probably due to the rapid
progress of innovative diagnostic techniques™. On the
other hand, there have been a few epidemiological stud-
ies on NET in Japan™®. In 2006, the Japanese NET
study group NET Work Japan) performed a nationwide
survey to examine the epidemiology of GEPNET in Ja-
pan, using a stratified random sampling method to select
departments of medical facilities where GEPNET were
treated in 2005, The first survey revealed that the
overall prevalence was 2.23 patients per 100000 popula-
tion [95% confidence interval (CI): 1.93-2.76] per year.
The total number of patients treated for functioning
PNET was estimated to be 1627 (95% CI: 1.10-1.57),
and the overall prevalence of insulinoma and gastrinoma
was 0.84 and 0.23 per 100000 population per year, re-
spectively. Furthermore, the results in the second survey
showed that the incidence of PNET in 2005 was esti-
mated to be 1.01 per 100000 population per year (95%
CI: 0.88-1.25). Accordingly, the incidence of functioning
PNET and non-functioning PNET was 0.50 and 0.51
per 100000 population per year, respectively™”. As the
incidence of PNET in the USA has been reported to
be about 0.32 per year per 100000 population by Yao
et " PNET seems to develop about three times more
frequently in Japan compared to that in the USA.

RECENT STANDARD OF DIFFERENTIAL
DIAGNOSIS OF FUNCTIONING PNET

Characteristic clinical symptoms of functioning PNET

Recutrent peptic ulcers in gastrinoma, necrolytic migra-
tory erythema in glucagonoma, and watery diarrhea in
VIPoma are characteristic symptoms due to an excessive
increase of the responsible hormone in blood. These
symptoms easily lead to the correct diagnosis when the
measurement of blood hormone levels is promptly fol-
lowed. However, the symptoms due to hypoglycemia do
not easily lead to the diagnosis of insulinoma”. This
may sound strange, but it is true. The diagnosis of insuli-
noma is the most difficult among the functioning PNET.
Patients with insulinoma are often misdiagnosed for long
periods. The patient eats much food and looks healthy

(4 4
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but somewhat strange without any organic illness. We
should be very careful in diagnosing insulinoma as there
are a number of diseases that cause hypoglycemia, and a
variety of special tests are required for insulinoma diag-
nosis, which will be described below.

Recently, the differential diagnosis of gastrinoma has
also become difficult. This is due to both the easy and
long-term use of proton pump inhibitors for recurrent
peptic ulcers or regurgitation esophagitis without a pre-
cise assessment of 1E)}O]th serum gastrin levels and gasttic

hyperacidity status">"".

Measurement of serum hormone levels

The measurement of serum hormone levels is very use-
ful for the differential diagnosis of PNET other than
insulinoma. The normal range of serum gastrin levels in
patients with gastrinoma is quite different in patients with
and without a history of gastrectomy". When a patient
undergoes a distal gastrectomy, normal serum gastrin lev-
els are usually lower than 90 pg/mL". Jensen’s group in
NIH performed an aggressive study on both the fasting
serum gastrin levels and the gastrin provocative testing
of both patients with gastrinoma and normal volun-
teers™*"”. They revealed that various physiological con-
ditions were correlated with basal serum gastrin levels,
and have recommended that an increase of 120 pg/mL
or 1{11‘%;3 as the positive range for the intravenous secretin
test " .

Inhibition test and stimulation test for diagnosis of
symptomatic GEPNET

C-peptide inhibition test with hog insulin: This test is
not 100% reliable for the diagnosis of insulinoma”, but
it can be completed in only 2 h and can serve as a valuable
screening tool. Although this test might not be popular
currently, we have favored this test for a long time similar
to the group at the Mayo Clinic"™

Intravenous secretin test for insulinoma: When
2 U/kg ¢ body weight of sectetin is intravenously admin-
istered, plasma insulin level rises more than 200% within
4 min in normal volunteers, but does not rise more than
100% in patients with insulinoma’*'™. We have developed
this test and used it for patients in whom other tests were
non-diagnostic in the differential diagnosis of insulinoma.

Intravenous secretin test for gastrinoma: A bolus in-
jection of 2 U/kg * body weight of secretin into the pe-
ripheral vein increases the serum level of gastrin by more
than 100 pg/mL in patents with gastrinoma, but does not
increase the serum level of gastrin in those without gas-
trinoma. This well known test has been successfully used
for the differential diagnosis of gastrinoma since 19721%,
Although this test has been proved to be useful for years,
we have to be careful as this test is also positive in patients
with hypergastrinemia due to atrophic gastritis. It has been
shown that antral G-cells also have secretin receptors and
release gastrin when stimulated with pharmacological doses
of secretin”,
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WHO classification

Well-differentiated
neuroendocrine tumor

Well-differentiated
neuroendocrine carcinoma

Poorly-differentiated
neuroendocrine carcinoma

Biological behavior Benign/uncertain behavior Low malignancy High malignancy
Metastases - + +
Ki-67/MIB-1 index (%) <2 2-20 >20
Pathological differentiation Well-differentiated Well-differentiated Poorly-differentiated
Vascular invasion -/ + + +
Size (diameter) <2cm >2cm Any size
Alteration of the original Table by Klsppel”. WHO: World Health Organization.
A SASI test for gastrinoma B Determination of feeding artery
L 1 AIRGa > 80 pg/mL
Hepatic vein 7"
i AIRGa
——e >0.2
Basal IRG
When both conditions are satisfied,
an artery is defined as a feeding artery
Gastroduodenal  Splenic Superior mesenteric
artery artery artery
Celiac axis \ i i
500 ~
~ 400 -
d
£
g
~ 300 r
g
100
i 0 Lol 1 1 £ — 1 i I T S ! 1
512 512 512
Catheter for sampling of ~ Catheter for injection £4%1 2 a4%1 2 4% 2
hepatic venous blood of secretagogue t/min

Figure 1 Schema of the selective arterial secretagogue injection test. Results of the selective arterial secretagogue injection (SAS) test in a patient with
Zollinger-Elfison syndrome. In this patient, serum immunoreactive gastrin (IRG) at 40 s after the injection of 30 units of secretin rose only after injection into the gas-
troduodenal artery. Thus, it was diagnosed that the gastrinoma(s) was located in the upper part of the pancreas and/or the duodenum. Gastr.duod.a: Gastroduodenal

artery; Spl.a.: Splenic artery; Superior mesenteric a.: Superior mesenteric artery.

RECENT PROGRESS IN LOCALIZATION
OF BOTH FUNCTIONING AND
NONFUNCTIONING PNET

Imaging techniques such as computed tomography, ultra-
sonography (US), endoscopic US (EUS), or intraopera-
tive US (IOUS) have been useful for the localization of
most PNET greater than 2 cm in diameter™ . However,
imaging techniques have difficulty in visualizing PNET
less than 5 mm, and cannot identify a functioning PNET
among various types of PNET including nonfunctioning
PNET™ . As the functioning PNET shows characteris-
tic symptoms even when less than 5 mm, the SAST test is
useful for preoperative localization of functioning PNET
leading to curative resection surgery!™”" %,

SRS is indispensable for localization of ectopic NET
and the distribution of NET throughout the body™.
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SASI test with secretin or calcium

The SASI test was first described for localization of gas-
trinoma, and has gradually proved useful for the localiza-
tion of other symptomatic PNET" ) At the time of
abdominal arteriography, secretagogue (30 U of secretin
for gastrinoma and 1 mL of 8.5% calcium gluconate for
insulinoma and glucagonoma) is injected into the splenic
artery, the gastroduodenal artery and the superior mesen-
teric artery. Then, 2 mL blood samples are drawn from
the hepatic vein through a catheter inserted #a the femo-
ral vein, before and 20, 40 and 60 s after the injection of
secretagogue to detect the change in hormone levels in
hepatic venous blood. When the rise in hormone levels
40 s after injection is significantly higher than measure-
ment errors, the artery is diagnosed as a feeding artery of
PNET. Functioning PNET is then located in the feeding
area of the identified feeding artery. More precise localiza-
tion is possible by injecting secretagogue into a branch of
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the identified artery. When the splenic artery is identified
as a feeding artery of insulinoma, more precise localiza-
ton is possible by injecting calcium solution into the dis-
tal, middle and proximal portion of the splenic artery®”.
Both the sensitivity and specificity of the SASI test for
both gastrinoma and insulinoma has been shown to be
more than 90%, respect:ively[zo’2 e (Figure 1).

SRS

SRS is clearly able to visualize PNET more than 2 cm
in diameter in the body, at a glance, and has conttibuted
to the staging of PNET® ™. SRS can visualize 100% of
gastrinomas lazger than 3 cm in diameter, but only 20%
of gastrinomas less than 5 mm, and 30% of gastrinomas
less than 1 cm®™. Thus, SRS visualized 73% of gastrino-
mas, 100% of glucagonomas, 88% of VIPomas, 73% of
non-symptomatic GEPET, and only 46% of insulinomas,
depending on both the extent of the presence and the
differences in subtypes of somatostatin receptors, and
the size of the tumor” . For the localization of ectopic
PNET, SRS is an indispensable test™,

I0US

IOUS is useful in estimating the character of a tumor
and to measure the distance between a PNET and the
main pancreatic duct. In addition, the form and size of a
PNET can be measured more correctly with IOUS than

any other preoperative imaging technique®

Intraoperative rapid assay of blood hormone levels

Rapid immunoassay of insulin (IRI) and radioimmunoas-
say of gastrin (IRG) are useful for estimating the extent
of the curability of surgery. Intraoperative measurement
of both blood glucose levels and insulin using the same
rate of drip infusion of glucose solution is helpful for
estimating the curability of insulinoma resection'?. The
intraoperative secretin test with rapid radioimmunoassay
of serum gastrin are useful for confirming the curability

‘ ‘ 30
of gastrinoma resection surgery®’.

RECENT STANDARD OF SURGICAL
TREATMENT OF PNET

The best treatment for PNET is curative surgical resec-
ion®*"*4, This needs to be performed before liver me-

jat
tastasis develops. Most PNET grow without invading the

adjacent pancreatic parenchyma, and can reach a size of
1,31]
1 cm™,

Sporadic PNET

For a benign small PNET such as a benign sporadic insuli-
noma, enucleation is indicated wherever it is located in the
pancreas, as long as it is 5 mm from the main pancreatic
duct (MPD)">", Other sporadic functioning PNET such
as gasttinomas, glucagonomas and VIPomas are thought
to be potentially malignant and often multiple. Therefore,
for these tumors pancteatic resection with lymph node
dissection is indicated® . When the tumors are less than

K
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5 mm in diameter, enucleation might also be indicated. RO
resection surgery for sporadic PNET has brought about
complete relief of the characteristic difficult symptoms

. 20,30-3
without recurrence' 1,

PNET associated with MEN 1

In the case of multiple PNET, we must consider whether
ot not the patient has MEN 1. Serum calcium level and
patathyroid hormone level require to be measured first,
because the penetration rate of hyperparathyroidism is
more than 90% in MEN 1. Genetic analysis is then pet-
formed. In patients with MEN 1, both PNET and duo-
denal NET are often multiple and microscopically numer-
ous, and most are nonfunctioning”"*.

There has been controversy regarding resection sut-
gery for nonfunctioning PNET in MEN 17 Recently,
Goudet ¢z al” revealed in a cohort study of 758 patients
with MEN 1, that gasttinoma, nonfunctioning PNET and
glucagonomas-vipomas-somatostatinomas had a high risk
of death after adjustment for age, gender and diagnosis
petiod. These PNET should be resected as eatly as pos-
sible before the development of hepatic metastases®">%,

So far, extended distal pancreatectomy and enucleation
of PNET more than 1 cm in diameter in the pancreatic
head has been recommended for the prevention of liver
metastases” . Total pancreatectomy is, so far, not indi-
cated, because of a significant decrease in the quality of
life of patients®™”. However, we know that some patients
with PNET in MEN 1 rapidly develop liver metastases
and die within a few years, thetefore we will, in future,
perform total pancreatectomy for selected patients based
on advanced genetic analysis™”.

Pancreatic hypoglycemia in MEN 1 is often caused
by multiple insulinomas which are located mostly in the
body or tail of the pancreas[?’()]. Distal pancreatectomy is
indicated for these types of insulinomas guided by the
SASI test with calcium!>,

Recently, increased resection surgery for gastrinoma in
patients with MEN 1 revealed that gastrinomas in MEN
1 were located mostly in the duodenum and rately in the
pancreas[40'43]. We have performed curative resection of
gastrinomas in 16 patients with MEN 1 using pancreati-
coduodenectomy (PD) or partial duodenal resection ot
pancreas preserving total duodenectomy (PPTD)™. In all
patients, duodenal gastrinomas existed; as a single tumor
in 42%, multiple tumors in 50% and numerous tumors in
13% (Figure 2). In addition, it was revealed that in two of
16 patients, pancreatic gastrinomas co-existed with mul-
tiple duodenal gastrinomas. These were resected guided
by localization with the SAST test. When the patient with
MEN 1 has more than five duodenal gastrinomas, we
would recommend PPTD instead of PD for curative sut-
gery™?* The purpose of PPTD is to prevent recurrence
of duodenal gastrinoma by total resection of the entire
duodenum and to preserve full pancreatic function with-
out resection of the pancreatic head. PPTD can be pet-
formed without any complications and seems less invasive
than PD.

We have indicated PPTD for multiple duodenal gas-
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Figure 2 Numerous mucosal gastrinomas in the duodenum. Mucosal tumors with depression (arrows).

Figure 3 A cluster of G cells in hyperplasia of duodenal Brunner’s glands
in a patient with multiple endocrine neoplasia type 1 and Zollinger-Ellison
syndrome.

trinomas (morte than 5 or numerous gastrinomas)ml. In
7 patients with MEN 1, more than 5 multiple duodenal
gastrinomas were suspected during surgery and PPTD
was performed. However, postoperative pathological diag-
nosis revealed that in 3 patients, only one ot two duodenal
gastrinomas existed, and other submucosal tumors which
were thought to be gastrinomas during surgery were diag-
nosed as hyperplasia of Brunner’s glands in the postop-
eratively fixed paraffin specimen.

We performed immunohistochemical staining of the
duodenal Brunner’s glands with anti-gastrin serum, and
found that there were clusters of gastrin-producing cells
in the hyperplasia of duodenal Brunner’s glands in all duo-
denal specimens after PPTD (Figure 3). Recently, Kloppel
et al™ reported that in patients with MEN 1, mutations in
the menin gene can cause the development of clusters of
gastrin-producing cells in the duodenal Brunner’s glands,
which are thought to be precursor lesions of gastrinoma

in patients with MEN 1. This may explain the high rate
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of postoperative recurrence of duodenal gastrinomas in
patients with MEN 1, and may theoretically support the
usefulness of PPTD as a curative surgery for these pa-
. [43,44]
tients” .

TREATMENT OF HEPATIC METASTASES
OF PNET

A few guidelines on the treatment of GEPNET have
been published, such as the NCCN (National Compre-
hensive Cancer Network) guideline and Consensus guide-
lines by the European NET Study Group (ENETS)P***,
In both of these guidelines, resection surgery is first
recommended for resectable hepatic metastases of GE-
PNET when the metastases are limited to the liver™****,
Now;, the use of various types of cytotoxic chemotherapy
for rapidly growing GEPNET and octreotide for slow
growing well-differentiated GEPNET have been stan-
dardized®™. These guidelines are also available for PNET.

Hepatectomy for hepatic metastases

It has been proved that resection of hepatic metastases
improves the outcome of patients with PNET. Various
types of resection surgery have been performed to achieve
a macroscopic curative resection of hepatic metastases.
Bettini ez a/* in Verona have reported on the usefulness
of resection surgery combined with cytotoxic chemother-
apy for prolongation of survival. They petformed hepatic
resection surgery whenever more than 90% of the hepatic
metastases could be dissected, and used cytotoxic chemo-
therapy with CDDP, etoposide and 5-fluorouracil (5-FU)

with streptozotocin as well as octreotide!™.

Radiofrequency ablation
Radiofrequency ablation (RF) has been performed in ad-
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dition to surgical resection of the liver for multiple hepatic
metastases, for example, for metastases located deep in
the hepatic parenchyma®™. However, a number of com-
plications after RF have been reported, especially follow-
ing percutaneous RE. Therefore RF should be performed
very careﬁlﬂy[su.

Chemotherapy, octreotide and new molecular targeting
drugs

As the few guidelines on GEPNET describe, cytotoxic
chemotherapy with CDDP and etoposide, streptozotocin
with or without 5-FU, e#., has been recommended for
rapidly growing or pootly differentiated GEPNET®,
Fot slow growing NET, octreotide with or without inter-
feron o has been recommended™.

In addition, prospective studies of mTor inhibitors
with or without octreotide and tyrosine kinase inhibitors
are currently underway®*”. New cytotoxic chemothera-
py with temozolomide and capecitabine have also been
reported to be effective in a small series of patients with
malignant NET®. These drugs are also expected to be
one of the new agents for PNET.

CONCLUSION

Curative resection sutgery for sporadic PNET has almost
been standardized using the SASI test for localization of
PNET. The treatment strategy for PNET with MEN 1
has not been established, but resection surgery has been
proved to contribute to the prolongation of survival in
patients with MEN 1. Advances both in new chemo-
therapy including molecular targeting therapy and genetic
analysis of PNET in patients with MEN 1 will lead us to
a new treatment strategy for hereditary PNET.
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Somatostatin analogues ameliorated many symptoms caused by
neuroendocrine tumors (NET), but their antitumor activities are
limited especially in non-functioning cases. An overactivation of
signaling pathways under receptor tyrosine-kinase (RTK) has been
recently demonstrated in some NET patients, but its details have
remained largely unknown. Therefore, in this study, we immuno-
localized therapeutic factors and evaluated the data to study the
clinical significance of the molecules in non-functioning Japanese
gastrointestinal NET. Fifty-two NET cases were available for exami-
nation in this study and expression of somatostatin receptor (sstr)
1, 2A, 2B, 3 and 5, activated form of mammalian target of rapamy-
cin (mTOR), eukaryotic initiation factor 4-binding protein 1
(4EBP1), ribosomal protein s6 (S6), extracellular signal-regulated
kinase (ERK) and insulin-like growth factor 1 receptor (IGF-1R) was
evaluated using immunohistochemistry. We then studied the cor-
relation among the immunohistochemical results of the individual
cases using hierarchical clustering analysis. Results of clustering
analysis demonstrated that NET cases were basically classified into
Cluster | and Il. Cluster | was associated with higher expression of
sstr1, 2B and 3 and Cluster Il was characterized by an activation of
the PI3K/Akt pathway and IGF-1R and higher proliferative status.
Cluster Il was further classified into Cluster lla and llb. Cluster lla
was associated with higher expression of sstr1 and 5 and higher
proliferative status and Cluster llb was characterized by ERK acti-
vation. Hierarchical clustering analysis of immunoreactivity of the
therapeutic factors can classify NET cases into three distinctive
groups and the medical treatment may be determined according
to this novel classification method for non-functioning NET
patients. (Cancer Sci 2010; 101: 2278-2285)

G astroenteropancreatic endocrine tumors or neuroendocrine
tumors (NET) are generally classified into two groups in
terms of their localization: gastrointestinal (GI) NET or endo-
crine tumor and pancreatic NET."" Both of these tumors are
considered to arise from neuroendocrine cells and are histologi-
cally characterized by positive reactions to various neuroendo-
crine markers, including chromogranin A, neuron specific
enolase (NSE), synaptophysin, and so on. In Japan, the number
of GI NET patients is far more than that of pancreatic NET®
and the great majority of these cases are clinically non-function-
ing NET. A GI NET is often slow-growing and indolent, and
may not become clinically apparent until the manifestation of
metastatic spread,®® especially those occurring in the foregut
and hindgut, the most prevalent GI NET in Japanese popula-
tion.® Therefore, it has become clinically important to manage
these non-functioning advanced NET cases using medical
therapy.

We previously reported that somatostatin receptor (sstr) sub-
types have been recently demonstrated in the great majority of

Cancer Sci | October 2010 | vol. 101 | no. 10 | 2278-2285
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GI NET.® In addition, somatostatin analogues (SSA) such as
octreotide that interact with sstr subtypes are the most widely
used therapeutic option for NET. They are generally well toler-
ated and highly effective in reducing various hormone-related
symptoms caused by NET, but are not necessarily so in control-
ling cell proliferation of tumor cells, especially in clinically
non-functioning NET cases.® Therefore, it has become impor-
tant to examine the mechanisms related to cell proliferation,
especially those related to intracellular signaling pathways, other
than the somatostatin pathway in individual NET patients, in
order to further explore effective antitumor agents.

Mammalian target of rapamycin (mTOR) is a serine/threo-
nine kinase working as a central regulator of many biological
processes that are essential for cell proliferation, translation and
cell metabolism.” It is regulated by upstream, phosphatidyl-
inositol 3-kinase (PI3K)/Akt/mTOR signaling pathway.'” An
activation of this pathway has been commonly detected in vari-
ous tumor types,"" and may be caused by an overactivation of
insulin-like growth factor 1 receptor (IGF-1R) in NET cells.'?
In addition, a previous study demonstrated an overexpression of
activated (phosphorylated) extracellular signal-regulated kinase
(ERK) in NET cases.""® However, the correlation among these
pathways and of those with sstr-mediated pathways has not been
reported at all in NET cases.

Therefore, in our present study, we first evaluated sstr sub-
types, those involved in the signaling pathway under receptor
tyrosine-kinase (RTK) (PI3K/Akt/mTOR and MEK/ERK path-
ways) and a major therapeutic targeted RTK (IGF-1R) in 52
clinically non-functioning Japanese NET cases using immuno-
histochemical methods. We then examined the correlation
among these factors above and that with the clinicopathological
factors of individual patients using hierarchical clustering analy-
sis, an established effective method for analyzing high-volume
immunohistochemical data, which was recently applied to an
analysis of leiomyosarcoma and breast carcinoma cases.’*!'>
We then added the in vitro experiments in order to further evalu-
ate the antitumor activities of rapamycin, one of the mTOR
inhibitors.

Materials and Methods

Tumor tissues. Fifty-two Japanese cases of GI NET or endo-
crine tumors were retrieved from the surgical pathology files at
the Department of Pathology, Tohoku University Hospital and
Sendai Red Cross Hospital (both in Sendai, Miyagi, Japan).
Review of the charts of individual patients showed that none of
the cases examined had demonstrated any clinical evidence of
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