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Abstract

Recent advances in localization techniques, such as the
selective arterial secretagoque 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.
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INTRODUCTION

As pancreatic neuroendocnne tumors (PNET) are rarely
encountered in hospitals, standardization of diagno-
sis and/or the treatment strategy have not progressed
until recently. However, recent advances n localization
techniques, such as the selective artenal secretagogue
mjection test (SAST test) and somatostatin receptor scin-
tigraphy (SRS) have promoted curative resection surgery
of PNET ™. As the number of resections has rapadly
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mcreased, a few important charactenstic pathological
features of PNLET have been revealed year by vear. The
World Health Organization pathological classification
of PNET was evolutionally simplified m 2003 at the
Lion Meeting, and the term carcinoid was declared a
misnomer | (Table 1). Recently, a study group n the EU
published a few guidelmes on gdstrocnrcropancrcanc
neuroendocrne tumors (GEPNIT) " In this work [ will
review important progress i the standardization of both
surgical and medical treatment strategies for PNET.

EPIDEMIOLOGY OF PNET

In Western countries, PNET 15 found m about 1 per
100000 populdtlon ,md represents 190-2% of all pan-
creatic ncop]asms . In the USA it 1s suggested that
the incidence and pru.\lcmc of PNET has substantially
mcreased over the last 30 years probably duc to the rapid
progress of innovative diagnostic techniques™. On the
other hand, there have been a few epdenmiological stud-
tes on NET n jap'/m[ 1 2000, the Japanese NET
study group (NET Work Japan) performed a nationwide
survey to examine the epidemiology of GEPNET i Ja-
pan, using a stratified random sampling method to select
departments of medical facihties where GEPNET were
treared in 200577 The first survey revealed that the
overall prevalence was 2.23 patients per 100000 popula-
tion [95% confidence interval (Cl): 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 msulinoma and gastrmoma
was 0.84 and 0.23 per 100000 population per yvear, re-
spectively. Furthermore, the results mn the second survey
showed that the madence of PNET i 2005 was esti-
mated to be 1.01 per 100000 population per vear (930
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 vear, respectively” ™ As the
mcidence of PNET i the USA has been reported to
be about 0.32 per year per 100000 population by Yao
et al” PNET seems to develop about three times more
frequently n Japan compared to that m the USA

RECENT STANDARD OF DIFFERENTIAL
DIAGNOSIS OF FUNCTIONING PNET

Characteristic clinical symptoms of functioning PNET

Recurrent pepuc ulcers in gastrinoma, necrolytic migra-
tory ervthema in glucagonoma, and watery diarrhea in
VIPoma are charactenstic symptoms due to an excessive
mncrease of the responsible hormone m blood. These
symptoms easty lead to the correct diagnosis when the
measurement of blood hormone levels i1s promptly fol-
lowed. However, the symptoms duce to hypogly ccmm do
not easily lead to the diagnosis of insulinoma®. This
may sound strange, but it is truc. The diagnosis of msuh-
noma is the most difficult among the functioning PNLT.
Patients with msulinoma are often misdagnosed for long
penods. 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 msulinoma as there
are a number of diseases that cause hypoglycemia, and a
variety of special tests are required for insulinoma diag-
nosts, which will be descnibed 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 both serum gastnin levels and gastric
hyperacidity status

Measurement of serum hormone levels

The measurement of serum hormone levels 15 very use-
ful for the differential diagnosis of PNET other than
nsulinoma. The normal range of serum gastrin levels in
patients with gastnnoma 1s quite differenr n 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 p.nients with gastrinoma and normal volun-
U1 They revealed that various physiological con-
dinons were correlated with basal serum gastrin levels,
and have recommended that an increase of 120 pg/mL
or n[}Jo‘re as the positive range for the intravenous secretin
test

teers

Inhibition test and stimulation test for diagnosis of
symptomatic GEPNET

C-peptide inhibition test with hog insulin: This test 15
not 100%% rehable 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 stmilar

to the group at the Mayvo Clinic™?

Intravenous secretin test for insulinoma: When
2 U'/kg * body weight of secretin is intravenously admin-
istered, plasma insulin level rises more than 200%0 within
4 min i normal volunteers, but doe< not rise more than
100°%0 m patients with insulinoma” . We have dev eloped
this test and used 1t for patients in whom other tests were
non-diagnostc in the differential diagnosis of nsulinoma.

Intravenous secretin test for gastrinoma: A bolus in-
jection of 2 U/kg * body weight of secretin into the pe-
npheral vemn mcreases the serum level of gastan by more
than 100 pg/mL in patients with gastrinoma, but does not
mcrease the serum level of gastrin in those without gas-
trmoma. This well known test has been successfully used
for the differential diagnosis of gastrinoma since 197209,
Although this test has been proved to be useful for years,
we have to be careful as this test 1s also positive in patients
with hypergastnnemia due to atrophic gastritis. It has been
shown that antral G-cells also have secretin receptors and
release gastrm when stimulated with pharmacological doses
of secretin®”,
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WHQO dassification Well-differentiated Well-differentiated Poorly-differentiated
neuroendocrine tumor neuroendocrine carcinoma 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) “2em >2cm Any size
Alteration of the original Table by Kloppel™. WHO: World Health Organization.
A SASI test for gastrinoma B Determination of feeding artery
o 1 1IRG= > 80 pg/mt
Hepatic vein ; |IRG
f el > 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 l l’ $
500
~ 400 |
t
E
..... §:
~ 300
0
=
200 Aﬂ
100
i iniecti g%’)} 2 &1191 2 @&‘21 2
Catheter for sampling of  Catheter for injection 39 33 353
hepatic venous blood of secretagogue t/min

Figure 1 Schema of the selective arterial secretagogue injection test. Results of the selective anenal secretagogue injection (SASI] test in a patient with
Zaollinger-Ellison 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, ft was diagnosed that the gastrinomafs) was located in the upper part of the pancreas and/or the duodenum. Gastr duod a: Gastroduodenal

artery. Spla - Splenic artery, Superior mesenteric a - Superior mesentenc arery

RECENT PROGRESS IN LOCALIZATION
OF BOTH FUNCTIONING AND
NONFUNCTIONING PNET

Imaging techniques such as computed tomography, ultra-
sonography (US), endoscopic US (EUS), or mtraopera-
tive US (IOUS) have been useful for the localizaton of
most PNET greater than 2 cm m diameter” . However,
imaging techniques have difficulty in visualizing PNET
less than 5 mm, and cannot idenufy a funchonmg PNET
among various types of PNET mcluding nonfunctioning
PNET"™ " As the functioning PNET shows characters-
tic symptoms even when less than 5 mm, the SAST test1s
useful for preoperatve localization of functiomng PNET

leading to curative resection surgery
SRS 15 mdispensable for localizatnon of ectopic NET
and the distibution of NIET throughout the body™™

(49
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SASI test with secretin or calcium

The SASI test was first descnibed for localization of gas-
tonoma, and has gradually proved useful for the localiza-
ton of other symptomatic PNET™ =" At the time of
abdommal arteriography, secretagogue (30 U of secretin
for gastrmoma and 1 mL of 8.5% calcsum gluconate for
msulinoma and glucagonoma) 15 mjected mto the splenic
artery, the gastroduodenal artery and the superior mesen-
tenic artery. Then, 2 mL blood samples are drawn from
the hepanc ven through a catheter inserted sz the femo-
ral vein, before and 20, 40 and 60 s after the mjection of
secretagogue to detect the change in hormone levels m
hepatic venous blood. When the nse in hormone levels
40 s after mjection 1s significantly higher than measure-
ment errors, the artery s diagnosed as a feeding artery of
PNET. Functonmg PNIET s then located i the feeding
area of the idennfied feeding artery. More precise localiza-
fion 1s possible by mjecting secretagogue nto a branch of
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the identified artery. When the splenic artery s identified
as a feeding artery of insulinoma, more precise locahza-
tion 15 possible by mjecting calcium solution mto the dis-
tal, middle and proximal portion of the splenic artery” :
Both the sensitivity and specificity of the SASI test for
both gastrinoma and msulm()m.\ has been shown to be
more than 90%o, respectively” "~ (Figure 1).

SRS

SRS 15 clearly able to visualize PNET more than 2 ¢m
i diameter i the body, at a glance, and has contributed
to the staging of PNET" **. SRS can visualize 100" of
gastnnomas larger than 3 cm i diameter, but only 200
of gastnnomas less than 5
less than 1 cm™ . Thus, SRS visualized 730 of gastrino-
mas, 100% of glucagonomas, 88% of VIPomas, 73°0 of
non-symptomatic GEPET, and only 46"« of insulmomas,
depending on both the extent of the presence and the
differences in sul)r\p s of somatostatin receptors, and
the size of the umor™ =Y. For the localization of ectopic

PNET, SRS is an mndispensable test™

5 mm, and 30%« of gastnnomas

IoUs

IOUS 1s useful in estimating the character of a tumor
and to measure the distance berween a PNET and the
main pancreatic duct. In addition, the form and size of a
PNET can be measured more correctly with 1OUS than
any other preoperative imaging, rcchniquci:d]

Intraoperative rapid assay of blood hormone levels
Rapid immunoassay of nsulin (IRI) and radioimmunoas-
say of gastrin (IRG) are useful for estimating the extent
of the curabihty of surgery. Intraoperative measurement
of both blood glucose levels and msulin using the same
rate of drip mfusion of glucose solution 1s ht.lpful for
estimating the curability of msulinoma resection! . The
mtrdopcrﬁrl\c secretin test w 1ith l':\pld r:ldl()ln\l“uﬂ().\SS'JY
of serum gastrin are useful for confirmmg the curability
of gastrinoma resection surgery -

RECENT STANDARD OF SURGICAL
TREATMENT OF PNET

The best treatment for PNET 15 curanve surgical resec-
tion” . This needs to be performed before liver me-
tastasis develops. Most PNET grow without mvading the
ﬂdiﬂC?l}]F pancreatic parenchyma, and can reach a size of
Tem™

Sporadic PNET

For a benign small PNIT such as a benign sporadic msuli-
noma, enucleation 1s mdicated wherever it s located m the
pancreas, as long as it 1s 5 mm from the man pancreatic
duct (MPD)"*™*, Other sporadic functioning PNET such
as gastrinomas, glucagonomas and VIPomas are thought
to be potentially malignant and often multiple. Therefore,
for these tumors p:ll]Ll‘Ldf!L resecton with lymph node
dissection is indicated!’

Rocabidroy™

T \When the tumors are less than
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5 mm in diameter, enucleation might also be indicated. RO
resection surgery for sporadic PNET has brought about
complete rehef of the charactenisie difficult symptoms
without recurrencet ™ ™

PNET associated with MEN 1

In the case of muluple PNET, we must consider whether
or not the patient has NMEN 1. Serum calcium level and
parathyroid hormone level require to be measured first,
because the penetration rate of hyperparathyroidism is
more than 90°0 in MEN 1. Genetic analysis 1s then per-
formed. In patients with NIEN 1, both PNET and duo-
denal NET are often multiple and microscopically numer-
ous, and most are nonfuncnonmg[ ;

There has been controversy regardmg resecnon sur-
gery for nonfuncnonmg PNET in MEN 1F779 Recentl\.
Goudet e a/ ' revealed in a cohort study of 758 patients
with NMEN 1, that gastnnoma, nonfunctioning PNET and
glucagonomas-vipomas-somatostatmomas had a high nsk
of death after adjustment for age, gender and diagnosis
period. These PNET should be resected as early as 08
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
metastasest. Total pancreatectomy 1s, so far, not indi-
cated, because of a significant decrease in the quality of
life of panenrs[ . However, we know that some patients
with PNET in MEN 1 rapidly develop liver metastases
and die within a few yvears, therefore we will, m furure,
perform total pancreatectomy for selected patients based
on advanced genetic analysis® .

Pancreatic hypoglycemia in NEN 1 1s often caused
by multiple msulinomas \\hmh are located mostly i the
body or tail of the p«mcreas ~. Distal pancreatectomy s
ndicated for these types of insulmomas guided by the
SASI test with calcium®™ .

Recently, mcreased resection surgery for gastrinoma n
patients with NMEN 1 revealed that gastrinomas i MEN
1 were located mostly i the duodenum and rarely in the
pancreas . We have performed curative resection of
gastrnomas i 16 patents with MEN 1 using pancreat-
coduodenectomy (PD) or partial duodenal resection or
pancreas preserving total duodenectomy (PPTD)™. In all
patients, duodenal gastnnomas existed; as a single tumor
in 42%, muluple tumors n 50°% and numerous tumors mn
13%¢ (Figure 2). In addition, it was revealed that i two of
16 patients, pancreatic gastrinomas co-existed with mul-
uple duodenal gastrinomas. These were resected guded
by localizanon with the SASI test. When the patient with
MEN 1 has more than five duodenal gastrinomas, we
\\ould recommend PPTD nstead of PD for curative sur-
gery” “* The purpose of PPTD 1s to prevent recurrence
of duodenal gastrmoma by total resection of the entire
duodenum and to preserve full pancreatic function with-
out resection of the pancreatic head. PPTD can be per-
formed without any complications and seems less invasive
than PD.

\We have mdicated PPTD for multiple duodenal gas-
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Figure 3 A cluster of G cells in hyperplasia of duodenal Brunner's glands
in a patient with muitiple endocrine neoplasia type 1 and Zollinger-Ellison
syndrome.

trinomas (more than 5 or numerous gastrmomus)“'

7 pattents with NMEN 1, more than 5 multiple duodenal
gastrinomas were suspected dunng surgery and PPTD
was performed. However, postoperative pathological diag-
nosis revealed that n 3 patients, only one or two duodenal
gastanomas existed, and other submucosal tumors which
were thought to be gastrmomas durning surgery were diag-
nosed as hyperplasia of Brunner’s glands in the postop-
eratively fixed paraffin specimen.

We performed immunohistochemical staning of the
duodenal Brunner’s glands with anti-gastrin serum, and
found that there were clusters of gastrin-producing cells
n the hyperplasia of duodenal Brunner's glands in all duo-
denal specimens after PPTD (Figure 3). Recently, l{loppel
et ™ reported that in patients with MEN 1, mutanons 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 explan the high rate

43
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of postoperatuve recurrence of duodenal gastrinomas
patients with MEN 1, and may theoretically support the
usefulness of PPTD as a curative surgery for these pa-
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 gmde—
lines by the European NET Study Group (ENETS)™

In both of these guidelines, resection surgery 1s ﬁrsr
recommended for resectable hepatic metastases of GE
PNET when the metastases are himuted to the hver
Now, the use of various types of ¢ytotoxic 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 curahve resection of hepatic metastases.
Bettini e @/ n Verona have reported on the usefulness
of resection surgery combmed with cvtotoxic chemother-
apy for prolonganon of survival. They performed 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-FL7)
with streptozotocin as well as octreotide’™

Radiofrequency ablation
Radiofrequency ablation (RF) has been performed mn ad-
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dimon fo surgical resection of the hver for multiple hepatic
metastases, for example, for metastases located deep n
the hepatic parenchyma ™. However, a number of com-
plications after RF have been reported, especrally follow-
ing percutancous RE Therefore RE should be performed
very C'/U’L‘ﬁl“)"f‘: .

Chemotherapy, octreotide and new molecular targeting
drugs

As the few gudelines on GEPNET describe, cytotoxic
chemotherapy with CDDP and ctoposide, streptozotocin
with or without 3-FU, ez, has been recommended for
rapidly growing or poorly differentiated GEPNET™.
For slow growing NET, octreotide with or without inter-
feron o has been recommended'™”.

In addition, prospective studies of mTor inhibitors
with or without octreonde and tyrosme kinase nhibitors
are currently underway . New cvtotoxic chemothera-
py with temozolomide and capecitabine have also been
reported to be effective i a small senes of patents with
malignant NET . These drugs are also expected to be
one of the new agents for PNIZT.

CONCLUSION

Curative resection surgery for sporadic PNET has almost
been standardized using the SASI test for locahzation 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
patients with MEN 1. Advances both in new chemo-
therapy mcluding molecular targeting therapy and genetic
analysis of PNET m patients with MIEN | will lead us to
anew treatment strategy for hereditary PNIT.
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Abstract

Background  There have been few epidemiological stud-
Ies  on  gastroenteropancreatic
(GEP-NETs) in Japan.

Methods  We examined the epidemiology of GEP-NETs
[pancreatic endocrine tumors (PETS) and gastrointestinal
neuroendocrine tumors (GE-NETS)] in Japan in 2005 using
a nationwide stratified random sampling method.
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Results — Atotal of 2,845 individuals received treatment for
PETs. Prevalence was estimated as 2.23/100,000 with an
annual onset incidence of 1.01/100,000. Non-functioning
tumor (NF3-PET constituted 47.4%, followed by insulinoma
(38.2%) and gastrinoma (7.9%). Distant metastases were
reported in 219 patients with NF-PETs and occurred more
frequently as tumor size increased (2 em). Multiple
endocrine neoplasia type | (MEN-1) was detected in 10% of
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