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Endoscopic ultrasonography with fine-needle aspira-
tion (EUS-FNA) is useful for determining the malig-
nant behavior of P-NETs.** In addition, 72% of the
cases that are diagnosed as uncertain behavior through
the use of preoperative EUS-FNA are well-differenti-
ated neuroendocrine carcinomas based on a pathologi-
cal examinations of the resected specimens.” Further
investigations concerning these results are therefore
needed.

Surgical Treatment of Primary Tumors

There are currently no clear indications for organ-pre-
serving resection, such as enucleation and spleen-pre-
serving distal pancreatectomy (SpDP), in patients with
P-NETs.** The following procedures are performed
for relatively small tumors of less than 2cm, without
liver or lymph node metastasis, especially for insulino-
mas, which are more likely to be benign than
malignant.”

Enucleation is a suitable method if the tumor is
located in the head of the pancreas. Duodenum-preserv-
ing pancreatic head resection may also be considered if
the tumor is located deep in the head of the pancreas.
Enucleation can be performed in such cases because
of the presence of a fibrous capsule surrounding the
tumor.”

Enucleation is often indicated for tumors of the body
and tail of the pancreas. Enucleation can cause injury of
the main pancreatic duct if the distance between the
tumor and the main pancreatic duct is very close, and
suturing of the pancreatic parenchyma after enucleation
can cause stenosis of the main pancreatic duct. These
injuries may result in a postoperative refractory pan-
creatic fistula and abdominal abscess. In such cases,
SpDP with conservation of the splenic artery and vein
(Kimura’s method)" and segmental pancreatectomy™
are also indicated.

Laparoscopic surgery has been widely performed for
pancreatic neoplasms. The postoperative morbidity of
laparoscopic surgery is comparable to that of open
surgery.”

Surgical procedures indicated for conventional inva-
sive ductal carcinoma of the pancreas should be per-
formed if the tumor is large and invades the portal vein
or splenic vein. Therefore, pancreaticoduodenectomy
should be performed for tumors of the head of the
pancreas, and distal pancreatectomy with splenectomy
should be performed for tumors of the body and tail
of the pancreas. Prophylactic lymphadenectomy is an
option for functional P-NETs such as gastrinoma and
glucagonoma, and suspected malignant tumors based
on imaging studies and blood tests.
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There is a relationship between node metastasis and
the tumor size of P-NETs. Franko et al. reported that
there is a correlation between tumor size and the fre-
quency of lymph node metastases.” Studies on mainly
nonfunctioning P-NETs and insulinoma show that the
frequency of lymph node metastasis is only 0%-2.5%
in tumors less than 20mm in diameter.®* On the other
hand, Ferrone et al. reported that the frequency of
lymph node metastases in P-NETs smaller than 20mm
is 26%, and there is no correlation between the fre-
quency of lymph node metastasis and tumor size.”

Most insulinomas less than 2cm in diameter without
evident metastasis or invasion are considered to be
benign and a good candidate for organ-preserving
resection.” Lymph node sampling must accompany
organ-preserving resection for nonfunctioning P-NETs
larger than 10mm in diameter, because lymph node
metastasis may already be present.”***° The preopera-
tive use of EUS-FNA and peripancreatic lymph node
sampling may be helpful for determining the indications
for organ-preserving resection.”***## The continual
accumulation of clinical data is expected lead to new
findings.

The WHO classification (Table 1) is useful for
predicting the prognosis and postoperative recur-
rence."**#*0 Benign behavior, as defined by the WHO
classification, is rarely associated with recurrence, and
P-NETs that fall into this classification arc good candi-
dates for organ-preserving resection.

On the other hand, well-differentiated neuroendo-
crine carcinoma treated by organ-sparing segmental
resection shows a higher tendency for local recurrence
than those treated by radical resection, such as a Whip-
ple’s procedure or distal pancreatectomy with splenec-
tomy (30% vs 8%; P =0.09).”® Additional surgery should
be considered if postoperative pathological examina-
tions show well-differentiated or poorly differentiated
neuroendocrine carcinoma depending on the situation,
especially if P-NETs were treated by organ-preserving
resection. A potential cure through the use of a radical
surgery is preferable to death resulting from local recur-
rence following organ-preserving surgery.

The recurrence rate of tumors with uncertain behav-
ior according to the WHO classification is 0%-5% at a
median or mean follow-up of 43-93 months
However, one report showed a high recurrence rate for
uncertain behavior at a median follow-up of 72 months.
This report found the 10-year disease-free survival rate
of uncertain behavior to be approximately 40%.* The
incidence of recurrence in patients with P-NETs of
uncertain behavior is not negligible. These types of
patients require careful follow-up and monitoring,

Other prognostic factors of P-NETs are lymph node
metastasis, tumor size larger than 3 or 4cm, age, Ki-67
labeling index >2 or 5%, tumor differentiation, positive
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immunoreactivity for cytokeratin 19 and KIT, among
others.™"* Some reports have suggested that tumor
size and lymph node metastasis are not significant prog-
nostic factors.”*® However, there are differences in the
patient background, in that many of the patients in these
studies did not undergo surgery because of the presence
of unresectable metastatic or primary tumors.

Some reports have shown a positive stance toward
primary tumor resection for patients with nonfunction-
ing P-NETs who have unresectable distant metastases,
because it is thought to improve the prognosis and
quality of life of patients who have symptoms such as
biliary and gastrointestinal obstruction, bleeding, and
abdominal pain.”***’ However, Bettini et al. reported
that primary tumor resection did not significantly
improve the prognosis. Primary tumor resection should
be considered as a symptomatic palliative therapy if the
tumor is symptomatic, well-differentiated neuroendo-
crine carcinoma and has a Ki-67 labeling index lower
than 10%.” Bloomston et al. also reported that cytore-
ductive surgery in primary tumor resection (R2 resec-
tion) did not improve the prognosis but, on the contrary,
it increased the postoperative complications. The
primary resection should be a curative resection.”

Surgical Treatment for Liver Metastasis

Hepatic resection is generally the first-line therapy for
liver metastasis of P-NETs if there is no peritoneal dis-
semination or extra-abdominal metastasis, because they
are slow-growing tumors.*”® Partial resection, segmen-
tal resection, subsegmental resection, and lobectomy of
the liver can be considered based on the site and number
of liver metastases. Combination chemotherapy with
cisplatin and etoposide or irinotecan, instead of hepa-
tectomy, is the first-line therapy for liver metastasis of
poorly differentiated neuroendocrine carcinoma.”

A study of 74 cases showed that hepatectomy was
performed in 33 patients (45%), systemic chemotherapy
in 46 (63%), transarterial embolization (TAE) in 9
(12%), and liver transplantation in 4 (5%). Eleven
patients received a combination of hepatectomy and
chemotherapy, 5 received TAE and chemotherapy, 4
received hepatectomy and TAE, and 2 received hepa-
tectomy, chemotherapy, and TAE. The most commonly
used chemotherapeutic agent was streptozotocin,
received by 28 patients. Patients who were managed
with radical treatment for liver metastasis had a signifi-
cantly better prognosis than those who were managed
with nonradical treatment for liver metastasis (Wil-
coxon test, P < 0.05).%

The type of hormone produced by the tumor and
whether it could produce hormone were not signifi-
cantly related to the prognosis. These results suggest
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that potentially resectable liver metastasis of P-NETs
should be treated with aggressive surgical resection.

Unresectable liver metastases are treated with liver
transplantation in Western countries. The appropriate
indications for liver transplantation are patients younger
than 50 years, without extrahepatic metastases, and
with low expression of Ki-67 and aberrant E-cadherin.
Nevertheless, there is a high rate of recurrence after
liver transplantation.®

Complete surgical resection is often difficult for liver
metastasis, since 86% of patients with liver metastasis
already have unresectable multiple liver metastases and
extrahepatic metastases.”” Cytoreductive hepatic surgery
may be indicated to reduce the amount of hormone and
improve the clinical symptoms and prognosis, and may
even increase long-term survival, %

Surgical Techniques for P-NETs

There are various surgical techniques for enucleation of
the tumor and spleen-preserving distal pancreatectomy.
Lymph node dissection should be performed for cases
with lymph node metastases or obvious invasive find-
ings. Pancreatoduodenectomy with combined portal
vein resection or distal pancreatectomy with splenec-
tomy is selected for advanced P-NET cases.

Enucleation for P-NETs

Surgical Indications for Enucleation of the Tumor

Enucleation is usually indicated for benign NET. In par-
ticular, insulinomas, which are often diagnosed when
they are smaller than 2cm, tend to be resected by
enucleation. Preoperative computed tomography (CT),
angiography, and EUS should be used to determine the
presence of infiltration to neighboring organs and
capsule.

The number of multiple NETs in the pancreas and
location of the tumors should be diagnosed preopera-
tively using CT, magnetic resonance imaging (MRI),
EUS, selective arterial calcium injection test (SACI),
and other modalities. Endoscopic ultrasonography is
somewhat useful in detecting small P-NETs like insuli-
noma. The sensitivity of EUS for insulinoma is 83%-
94%, and this increases to 96%-100% if EUS is
combined with CT and MRL**™ A SACI test should
be applied if the tumor cannot be detected with these
modalities.

Progress in preoperative diagnostic modalities has
allowed the detection of small P-NETs. Palpation and
intraoperative ultrasonography (IOUS) should be per-
formed to confirm the results of a precoperative diagno-
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sis. An intraoperative diagnosis may be less accurate
than a preoperative diagnosis, and requires a wider sur-
gical field. This could lead to organ injury. Therefore,
only tumors that are diagnosed preoperatively are
resected.”

Preoperative stenting to the pancreatic duct through
the papilla is useful for enucleation when the tumor is
very close to the main pancreatic duct. Such stenting
simplifies intraoperative detection of the main pancre-
atic duct. The surgeon can perform enucleation of the
tumor safely without damaging the pancreatic duct.”
Another technique uses injection of dye into the main
pancreatic duct, which enables the surgeon to note
leakage from the pancreatic branch duct. This technique
requires the surgeon to be very familiar with the surgi-
cal anatomy of the pancreas.”

Surgical Procedure for Enucleation of the Tumor

Laparotomy and Observation

The surgeon observes whether the tumor is exposed on
the surface of the pancreas. Moreover, the surgeon
determines whether the tumor is palpable, and confirms
the hardness of the tumor.

Intraoperative Ultrasonography

The precise location and distance between the tumor
and main pancreatic duct is observed by IOUS. This
examination is important to avoid injuring the main
pancreatic duct (Fig. 1).

Exposure of the Tumor

The surgeon dissects the pancreatic parenchyma in
front of the tumor and exposes the anterior surface of
the tumor. Combined resection of the parenchyma
and tumor sometimes simplifies enucleation when the
parenchyma is thin.

Mobilization of the Pancreas

Kocher’s maneuver beyond the left side of the inferior
vena cava is important when the tumor is located in the
head of the pancreas. The surgeon can grasp the whole
head of the pancreas in the left hand following Kocher’s
maneuver (Fig. 2).

The body and tail of the pancreas with the splenic
vein is mobilized from the retroperitoneum by dividing
dorsally relative to Toldt’s fusion fascia when the tumor
is located in the body and tail of the pancreas. Mobiliza-
tion of the pancreas offers the advantages that (a)
bleeding can be controlled by the left hand during enu-
cleation, (b) the tumor can be compressed from the
dorsal side ventrally by the left hand, and (c) the opera-
tion is simplified because the space between the tumor
and pancreatic parenchyma becomes wider.
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Fig. 1. Intraoperative findings with ultrasonography.”” The
main pancreatic duct can be clearly detected by a polyethyl-
ene stent in a tumor located very close to the main pancreatic
duct (MPD), and it is easy to determine the relationship
between the tumor (7) and main pancreatic duct. Geenen
Pancreatic Stent, Radiopaque, 5 F, 3cm

Fig. 2. Kocher’s maneuver is performed beyond the left side
of the inferior vena cava, and the dorsal side of the head of
the pancreas is fully mobilized. The head of the pancreas and
the third portion of the pancreas are detached from the trans-
verse mesocolon, and the surgeon can hold the whole head of
the pancreas in the left hand

Parachute Method

Several strings are placed on the pancreas parenchyma
in front of the tumor, like a parachute (Fig. 3). These
strings are used for traction. The index finger of the
surgeon compresses the tumor from behind (Fig. 4).
This compression and traction by the parachute strings
makes it possible to widen the space between the tumor
and pancreatic parenchyma. Enucleation of the NET
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Countertraction

Fig. 3. Several strings are placed on the pancreas parenchyma
in front of the tumor, like a parachute. These strings are used

for traction
Countertmction///a

//

Resection line

2oZnyoco

Fig. 4. The surgeon’s index finger compresses the tumor from
behind. This compression and traction by parachute strings
widens the space between the tumor and pancreatic paren-
chyma. Detachment and dividing are performed in the wide
surgical field between the tumor and pancreatic parenchyma

becomes very easy with this parachute technique. The
assistant should be careful not to tear the pancreatic
parenchyma by strong traction of the strings.

Dissection between the Tumor and

Pancreatic Parenchyma

Detachment of the capsule of the tumor from the pan-
creatic parenchyma is performed carefully. Insulinoma
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is usually a hypervascular tumor, and thus the vessels
around insulinoma are dense. These vessels are ligated
and cut one by one. Preoperative angiography can
detect the locations of feeding arteries and draining
veins. These vessels are exposed, divagated, and cut
carefully.

Dissection with the tumor capsule is important. Intra-
operative ultrasonography is useful for detecting the
correct dissection line for enucleation.

Hemostasis

Bleeding from a relatively thick vessel requires hemo-
stasis by a Z-suture with absorbable 4-0 strings. The
surgeon should be careful to avoid damaging the main
pancreatic duct, Hemostasis in the early stage of enucle-
ation requires the pancreatic parenchyma to be sutured
through the space between the tumor and pancreatic
parenchyma, since the space is narrow. Vessels around
the tumor can be easily divided and cut when the space
between the tumor and pancreatic parenchyma widens
during the course of surgery.

Preservation of the Vessels of the Pancreatic Head Arcade
A tumor that is large can reach the posterior surface of
the head of the pancreas. The fusion fascia of Treitz is
located at the posterior surface of the head of the pan-
creas. A benign tumor does not grow beyond this Treitz
fascia. Therefore, the surgeon should not injure vessels
located between the posterior pancreatic parenchyma
and Treitz fascia. The important pancreatic head arcade,
which includes the gastroduodenal artery and pancre-
atoduodenal veins, runs in this space.”

Suturing the Pancreatic Parenchyma After

Tumor Resection

Primary closure of a defect after resection is usually
possible by suturing when the tumor is 1-2cm in diam-
eter, since the pancreatic parenchyma for pancreatic
NETs (P-NET) is often soft. An interrupted suture is
used to avoid creating dead space. The surgeon should
take care to avoid injuring the main pancreatic duct.
Intraoperative ultrasonography is useful for confirming
the absence of dead space. The surgeon must avoid
injuring the accessory pancreatic duct, intrapancreatic
bile duct, and pancreatic arcade, such as the anterior
superior pancreatoduodenal artery and vein, with
tumors located in the pancreatic head. No primary
closure should be performed when such injuries are
suspected. Only an interrupted suture is applied at the
cut surface of the pancreatic parenchyma after enucle-
ation, and the defect remains open.”

Drainage
Two 24-F Phycon drains (Fuji Systems, Tokyo, Japan)
are inserted at the site of enucleation. Washing through
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the drainage tube is possible when postoperative pan-
creatic leakage occurs. Another Phycon drain is set in
Winslow’s foramen. The drainage system remains closed,
and helps to prevent retrograde infection.

Postoperative Management of the Drain

Drainage fluid s monitored and observed. Bacterial
culture and amylase and lipase levels in the discharge
are evaluated regularly. The lumen of the drain is washed
to prevent obstruction by fibrin. Care should be taken
to avoid injuring abdominal tissue by inserting the drain
too far for washing.

In addition, the drain must sometimes be cleaned to
wash around the cut surface of the pancreas with saline.
The surgeon decides whether the drain should be
washed twice daily, or continuously for 24h, based on
the amount and appearance of discharged fluid.

Slightly bloody drainage fluid may predict the devel-
opment of massive bleeding. Such bleeding can reflect
autolysis of the vessel wall due to the leakage of pan-
creatic fluid. Continuous washing with sufficient saline
dilutes pancreatic fluid and may prevent massive intra-
abdominal bleeding. The drain is slowly withdrawn
when the discharge decreases and is not infectious, and
the entire drain is removed within a few days.

Spleen-Preserving Distal Pancreatectomy with
Conservation of the Splenic Artery and Veins

Preservation of the spleen in distal pancreatectomy has
recently attracted considerable attention. Since the first
trial and success with conservation of the splenic artery
and vein for tumors of the pancreas and chronic pan-
creatitis, this procedure (Kimura’s procedure) has been
performed very frequently. Splenic preservation can
reduce the risk of hematological abnormalities, such
as the elevation of serum platelet counts, thrombotic

complications, and overwhelming postsplenectomy
infection. ™7
Indications for SpDP

Enucleation is a common first-line therapy for benign
P-NETs. However, enucleation can lead to injury of the
main pancreatic duct if the distance between the tumor
and the main pancreatic duct is very close, and suturing
of the pancreatic parenchyma after enucleation can
cause stenosis of the main pancreatic duct. These inju-
ries may result in a postoperative refractory pancreatic
fistula and abdominal abscess. Spleen-preserving distal
pancreatectomy with conservation of the splenic artery
and vein (Kimura’s procedure) may be desirable in
such cases. Enucleation is also indicated if invasion to
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the pancreatic parenchyma is not clearly observed by
imaging studies.

Surgical Techniques for SpDP

A midline incision of the upper abdomen up to 3cm
above the umbilicus followed by a left transverse
incision, a so-called inverted L-shaped skin incision, is
made. A right transverse incision is added, if necessary.
The greater omentum is divided sufficiently to allow full
visualization of the pancreas to its tail and the hilum of
the spleen.

The splenorenal ligament is cut and the spleen is
elevated. The peritoneum under the pancreatic body
and tail is then cut. This part of the pancreas is ablated
from the retroperitoneum so that the back of the pan-
creas can be seen.

The splenic vein is identified behind the pancreas.”
The pancreas and splenic vein are covered by a thin
connective tissue membrane, the fusion fascia of Toldt,
which is cut longitudinally above the splenic vein to
reveal the splenic vein.

It is important to remove the splenic vein by working
from the body of the pancreas toward the spleen. It is
very difficult to remove the splenic vein in the other
direction because (a) it is very difficult to discriminate
the distal end of the pancreas from the fatty tissue in
the hilum of the spleen, and (b) in this area the splenic
artery and vein are already divided into small vessels
that can be easily injured.”

There are many branches from the splenic vein on
both sides, and these branches should be carefully
ligated and divided (Fig. 5). These branches can be easily
bared slightly more than several millimeters from the
splenic vein in a normal pancreas with no inflammatory
changes.

Kimura W, et ai Surgery 1996

Fig. 5. The fusion fascia of Toldt is divided to expose the
splenic vein. Branches of the splenic vein are carefully ligated
and divided”
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The pancreatic parenchyma is removed from the
splenic vein toward the distal end of the pancreas, and
the pancreas is removed from the splenic artery from
the spleen toward the head of the pancreas. This proce-
dure is much easier than removal of the pancreas from
the vein, because there are few arterioles from the
splenic artery and they are all on one side. The pancreas
adheres only loosely to the artery (Fig. 6).

The transverse pancreatic and superior transverse
pancreatic arteries are doubly ligated with the pancre-
atic parenchyma before resection of the pancreas. This
premanagement reduces arterial bleeding at the cut
surface of the pancreas (Fig. 7).

The pancreas is then cut at a right angle to the axis
between the body and tail, and the main pancreatic duct

Kimura W, et af. Surgery 1296

Fig. 6. Schematic representation of mobilization of the body
and tail of the pancreas with preservation of the splenic artery
and vein”’

o \ N *Vb;/”‘/i Pancreas

Fig.7. The transverse pancreatic and superior transverse pan-
creatic arteries are doubly ligated with the pancreatic paren-
chyma before resection of the pancreas. This premanagement
reduces arterial bleeding at the cut surface of the pancreas
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is identified and ligated. Finally, the cut end of the pan-
creas is closed with interrupted sutures. The most feared
potential complication is postoperative bleeding from
the splenic vein caused by digestion of the ablated wall
of the vein by pancreatic juice originating from the cut
end of the pancreas. Another potential complication is
torsion of the splenic vessels. However, these complica-
tions did not arise in any of the reported patients.

Spleen-preserving distal pancreatectomy with conser-
vation of the splenic artery and vein (Kimura’s proce-
dure) is a safe and definitive procedure.* This procedure
will be widely performed for selected patients in the
future.

Postoperative Surveillance for P-NETs

A postoperative follow-up of at least 10 years is needed,
since long-term recurrence can occur after surgery. Lab-
oratory investigations and ultrasonography are required
every 3 months during the first 2 years and CT is
required every 6 months. Thereafter, laboratory investi-
gations and ultrasonography are recommended every 6
months and CT is recommended yearly.®

Multiple primary cancers such as breast, prostate,
bladder, and ovarian cancer occurred in 13% of P-NETs
and approximately 20% of gastrinoma and nonfunc-
tioning P-NETs.” Therefore, careful observation and
follow-up are required, due to the possibility of multiple
primary cancers.

The blood levels of gastrin, insulin, glucagon, and so
forth can be used as indicators of recurrence of func-
tioning P-NETs. Neuron-specific enolase is used as a
tumor marker for poorly differentiated neuroendocrine
tumors.” Western countries use somatostatin receptor
scintigraphy®™' and serum chromogranin A in postop-
erative follow-up.” Serum chromogranin A is useful
for determining recurrence and the effect of treatment,
regardless of whether P-NET is functioning or
nonfunctioning.®*

Single-photon emission CT imaging in somatostatin
receptor scintigraphy gave a sensitivity of 92.3% for
liver metastases. This value is superior to those for
planar imaging (58.5%) and CT, MRI, and ultrasonog-
raphy (80%).* However, these examinations have not
yet been approved by the national health insurance
system in Japan. The early approval of these examina-
tions is expected in Japan.
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Abstract

AIM: To search for the optimal surgery for gastrinoma
and duodenopancreatic neuroendocrine tumors in pa-
tients with multiple endocrine neoplasia type 1.

METHODS: Sixteen patients with genetically con-
firmed multiple endocrine neoplasia type 1 (MEN 1)
and Zollinger-Ellison syndrome (ZES) underwent re-
section of both gastrinomas and duodenopancreatic
neuroendocrine tumors (NETs) between 1991 and
2009. For localization of gastrinoma, selective arterial
secretagogue injection test (SASI test) with secretin
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or calcium solution was performed as well as soma-
tostatin receptor scintigraphy (SRS) and other imaging
methods such as computed tomography (CT) or mag-
netic resonance imaging (MRI). The modus of surgery
for gastrinoma has been changed over time, searching
for the optimal surgery: pancreaticoduodenectomy
(PD) was first performed guided by localization with
the SAST test, then local resection of duodenal gastri-
nomas with dissection of regional lymph nodes (LR),
and recently pancreas-preserving total duodenectomy
(PPTD) has been performed for multiple duodenal gas-
trinomas.

RESULTS: Among various types of preoperative local-
izing methods for gastrinoma, the SASI test was the
most useful method. Imaging methods such as SRS
or CT made it essentially impossible to differentiate
functioning gastrinoma among various kinds of NETs.
However, recent imaging methods including SRS or
CT were useful for detecting both distant metastases
and ectopic NETs; therefore they are indispensable for
staging of NETs. Biochemical cure of gastrinoma was
achieved in 14 of 16 patients (87.5%); that is, 100% in
3 patients who underwent PD, 100% in 6 patients who
underwent LR (although in 2 patients (33.3%) second
LR was performed for recurrence of duodenal gastri-
noma), and 71.4% in 7 patients who underwent PPTD.
Pancreatic NETs more than 1 cm in diameter were re-
sected either by distal pancreatectomy or enucleations,
and no hepatic metastases have developed postop-
eratively. Pathological study of the resected specimens
revealed co-existence of pancreatic gastrinoma with
duodenal gastrinoma in 2 of 16 patients (13%), and G
cell hyperplasia and/or microgastrinoma in the duode-
nal Brunner's gland was revealed in all of 7 duodenal
specimens after PPTD.

CONCLUSION: Aggressive resection surgery based on

accurate localization with the SASI test was useful for
biochemical cure of gastrinoma in patients with MEN 1.
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INTRODUCTION

Controversy has surrounded the treatment strategy for
gastrinoma and neuroendocrine tumors (NETs) in patients
with multiple endocrine neoplasia type 1 (MEN 1) and
Zollinger-Ellison syndrome (ZES)™. 1t has been con-
firmed that ZES in patients with MEN 1 is caused mostly
by duodenal gastrinomas'>'?, Some surgeons have not rec-
ommended surgery for duodenopancreatic gastrinoma, be-
cause of both low biochemical cure rate of gastrinoma and
early recurrence of gastrinoma after surgery[s’ﬂ. In contrast,
surgeons who have performed aggressive duodenopancre-
atic resection have reported a higher biochemical cure rate
of gastrinoma after surgery, although these studies included
relatively small numbers of patients’'"?,

We have performed curative resection surgery for
gastrinoma in 41 patients with ZES guided by localization
using the selective arterial secretagogue injection test (SASI
test) ", Guided by localization with the SASI test, pancre-
aticoduodenectomy (PD) was performed for 10 patients,
of whom 3 patients were classified as MEN 1, and all of
them have been cured of gastrinoma postoperatively. Path-
ological examination of the duodenopancreatic specimens
resected from the MEN 1 patients revealed single or mul-
tiple gastrinomas < 10 mm only in the duodenum, but not
in the pancreas head. Thus, we have changed the modus
of resection surgery for gastrinomas in patients with MEN
1 from PD to transduodenal excisions of the duodenal
gastrinomas or partial duodenectomy (LR) with dissection
of the regional lymph nodes, while seeking for less invasive
and optimal sutgical resection for gastrinomas in MEN 1
patients. Recently, we have performed pancreas-preserving
total duodenectomy (PPTD) for MEN 1 patients with
multiple gastrinomas and/or numerous microgasttinomas
in the duodenum*. Here, we report the results of our
surgical strategy for both gastrinoma and pancreatic NETs
in MEN 1 patients, and discuss the optimal surgery for
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patients with MEN 1 and gastrinomas from a viewpoint
of the staging of both gastrinoma and pancreatic NET in
these patients.

MATERIALS AND METHODS

Patients

Sixteen patients with genetically confirmed MEN 1 and
gastrinoma underwent resection surgery for gastrinomas
and pancreatic NETs by a team comprising a chief sur-
geon (senior author) and co-surgeons (co-authors) at the
Departments of Surgery of Graduate School of Medi-
cine, Kyoto University, Osaka Saiseikai Noe Hospital and
Kansai Electric Production Company Hospital between
March 1991 and March 2010.

All patients were examined for MEN 1 gene mutations
by a co-author (MK) at the Medical Gene Research Cen-
ter, Kyoto University. A diagnosis of ZES was established
by confirming the co-existence of gastric hyperacidity and
hypergastrinemia. Levels of gastrin were > 80 pg/mL in
patients who had undergone distal or total gastrectomy
and > 200 pg/mL in patients who had not undergone
distal gastrectomy™. Gastric hyperacidity was confirmed
using 24 h pH monitoring, and was diagnosed when the
percentage of the time that the gastric pH was 0-4 was
> 70%"". Either the secretin test or the calcium test was
performed for all padents[22'24]. The secretin test was per-
formed by bolus intravenous injecton of secretin (3 U/kg
body weight). Blood samples were collected from a cubital
vein before and 2, 4, and 6 min after secretin injection.
An increase in serum immunoreactive gastrin concentra-
ton (IRG) both of > 20% of the basal serum IRG and >
80 pg/ml, 4 min after sectetin injection was considered
positive. The calcium test was performed by injecting 1.17
mEq calcium solution (1 mL of 0.39 mEq calcium glaco-
nate hydrate) diluted with 2 mL physiological saline over
30 s into a cubital vein” . The intraoperative secretin
test was performed using the same method as the pre-
operative secretin test, and results were obtained within
60 min using rapid radioimmunoassay of serum gastrin
levels™,

Localization of gastrinoma

For locahzatlon of gastrinoma, the SASI test with secretin
(Secrepan® 30 units) or calcium solution (0.39 mEq cal-
cium gluconate diluted with 2 mlL physiological saline) was
performed for all patients as described previouslym’ls’%].
The principle of the SASI test is to identify the feeding
artery of gastrinoma by stimulating gastrinoma to release
gastrin using a secretagogue!' . We used secretin until
2004, since then we have used calcium gluconate hydrate
solution, because production of secretin in Japan ended
in 2004[10 CT, MRI or US have been used primarily for
detection of distant metastases, such as hepatic metastases
or large lymph nodes"*!",

PPTD

PPTD was performed using a new technique descnbed

March 14,2011 | Volume 17 | Issue 10 }



Imamura M et a/. Curative resection of gastrinoma in MEN-1

Figure 1 Pancreas-preserving total duodenectomy technique. A: The duodenum is separated from the head of the pancreas by cutting the branches of the pan-
creaticoduodenal arcade vessels. The choledochal trunk is saved and only the membrane of the major papilla is shaved sharply. The accessory pancreatic duct is
ligated and cut; B: Papillotomy is performed on the major papilla at 0, and then a catheter is inserted into the main pancreatic duct for stenting; C: Bilio-jejunal recon-
struction. The edge of the common bile duct is sewn to a small opening on the jejunum with 4-0 absorbable knotted sutures; D:The final reconstruction schema of the

alimentary tract.

elsewhere!™"; briefly, when resecting the entdre duodenum,
only a mucosectomy is performed on the duodenal major
papilla portion, retaining the structure of the major pa-
pilla, and after an 8 mm long sphincterotomy, the opened
papilla 1s anastomosed to the incisional opening of the

200 . . -
ejunum™”. Details of the procedure are shown in Figure 1.
o

Pathological examination of the resected specimens
Resected duodenopancreatic tissues including any sus-
pected NETSs or lymph nodes were fixed in a 10% formalin
solution and embedded in paraffin. Paratfin-embedded
sections were stained with Masson-Fontana, Grimelius, and
Hellerstrom-Hellman silver stains. Immunohistochemical
staining was performed with Simple Stain MAX-PL (Mult)
(mouse and rabbit/horseradish peroxidase) reagent (Nich-
irei, Tokyo, Japan) using polyclonal rabbit ant-human gas-
trin serum (Dako, Glostrup, Denmark).

Criteria of biochemical cure of gastrinoma

Cure of gastrinoma was defined as a normal fasting se-
rum IRG < 150 pg/mL in patients without a history of
gastrectomy and < 80 pg/mL in patients with a history
of gastrectomy, and/or a negative secretin test or a nega-
tive calcium test during the 6 mo follow-up surveillance
period. Survival curve analysis was performed using the
Kaplan-Meier method.

RESULTS

PD

Between 1991 and 1997, PD was performed for 3 padents
with ZES based on localization guided only by the SAST
test, because imaging methods (CT, MRI, US) did not vi-
sualize any tumor in the abdomen (Table 1). In 3 patients,
the SASI test localized the gastrinoma in the upper part of
the duodenum and/or the head of the pancreas, thus PD
was performed for all patients. Preoperative localization by
the SASI test was correct, and gastrinomas were proved
in the duodenum; that is, 7 duodenal gastrinomas in 1 pa-
tient (No. 2) and only 1 duodenal gastrinoma in 2 patients

1493
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(Nos. 1 and 3). Metastatic lymph nodes associated with
the duodenal gastrinoma were identified in 2 patients. Two
patients (Nos. 1 and 2) had multiple nonfunctioning NETs
in the head of the pancreas (Table 1). The preoperative
serum IRG of these patients ranged between 310 and
800 pg/mlL, and the postoperative serum IRG decreased
in all patients to < 33 pg/mL. The postoperative secretin
test was negative in all patients. One patient died of other
causes 4 year after undergoing the PD. Two patients are
alive and well, and biochemical cure of gastrinoma has
continued for 18 year 5 mo and 12 year, postoperatively.

LR

Since 1996, 5 patients have successively undergone local
resection of duodenal gastrinoma through duodenec-
tomy after a 7 year intermission. 1 patient (No. 9) under-
went DX in 2009 based on localization by the SASI test,
duodenoscopy revealed duodenal submucosal NETs in 3
patients, and CT visualized a few metastatic lymph nodes
more than 2 cm with a pancreatic NET more than 1 cm
in 2 patients (Table 2). Localization by the SASI test was
correct in all of them. In case No. 9, gastrinoma was lo-
cated not only in the duodenum, but also in the head of
the pancreas. Size of duodenal gastrinoma was between
1-15 mm in diameter. Any pancreatic NETs > 1 cm were
treated by enucleation and/or distal pancreatectomy. In
3 patients, metastatic lymph nodes were associated with
duodenal gastrinoma.

Most of these patients were biochemically cured of
gastrinoma after the first LR, but ZES recurred in 2 pa-
tients (Nos. 5 and 6). In patient No. 5, the serum IRG
increased from 140 to 170 pg/mL 8 year postoperatively,
and in patient No. 6, the serum IRG increased from 68 to
400 pg/ml 6 year postoperatively. Based on localization
by the SASI test, a second LR was performed for these
patients, and their serum IRG levels decreased to within
normal ranges postoperatively. They have been biochemi-
cally cured of gastrinoma since the sccond LR for 5 year,
8 mo and 2 year, 7 mo, respectively, postoperatively.

Patient No. 9 had undergone a distal pancreatectomy

March 14, 2011 | Volume 17 | Issue 10 |}
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for multiple insulinoma 31 year before visiting our clinic.
She also had a history of a total parathyroidectomy with
a forearm subcutaneous parathyroid transplantation and
gamma knife therapy for a pituitary NET. Her serum IRG
was 49500 pg/ml. Multple submucosal gastric NETs and
multiple duodenal submucosal NETs were identified by
gastroduodenoscopic examination. A few large metastatic
lymph nodes around the head of the pancreas were visual-
ized using CT; therefore, advanced stage of gastrinoma was
suspected. The SASI test localized the gastrinoma in the
duodenum and/or the head of the pancreas. We performed
LR and an enucleation NET in the head of the pancreas
with dissection of the peripancreatic lymph nodes. A pat-
tial resection of the middle part of the stomach for mul-
tiple gastric tumors was also performed. Her serum IRG
decreased to < 150 pg/mL and plasma chromogtanin A
concentration was normalized. Pathological examination re-
vealed 3 duodenal gastrinomas and 1 pancreatic gastrinoma
with 3 metastatic lymph nodes from duodenopancreatic
gastrinoma. The gastric NET was a type I NET.

secretin or
calcium test

Postoperative
Negative
Negative
Negative

status
(post-op yr)
Alive well with
Pit NET, PNET
(18 yr 5 mo)
DOD
4y
no recur
Alive wil
(12yr)
no recur

Metastases Pancreas Prognosis present
NET
5
6
0

1-7
10

Gastrinoma

PPTD

PPTD was first performed for case No. 10, in whom a sub-
stantial numbers of NETs were palpated intraoperatively
and a few large metastatic lymph nodes were detected,
without any pancreatic head tumors. Pathological study re-
vealed numerous submucosal microgastrinomas throughout
the duodenum. Her serum IRG did not dectease to within
normal range and she developed hepatic metastases 3 yeat
after the PPTD. In order to save the head of the pancteas,
PPTD was performed for the following 6 patients in whom
the SASI test diagnosed gastrinoma in the pancreatic head
and/ot the duodenum and considerable numbers of duo-
denal NETs were suspected duting surgery (Table 3). In
one patient (case 16) the SASI test localized gasttinoma not
only in the head of the pancreas and/or the duodenum,
but also in the tail of the pancreas, so PPTD and a distal
pancreatectomy were performed curatively, and the patient
has since been free of gastrinoma. Any serious postopera-
tive morbidity was experienced in this seties of patients.

(pg/mL) Location Number Size (mm) N
33

Post-PD
IRG

1989 Mar
1990 Mar
1991 Mar
1991 Mar
1991 Nov
1997 Aug
1997 Oct

Operation

PitX

T PitX

PD, PX

St ParX
PD
PitX

PD

gastrinoma
SASI GIF CT
GDA ND ND

IPDA
GDA ND ND

IPDA
GDA ND ND

Localization of

Pre-PD
IRG
(pg/mL)
310
80
83

Hyperplasia of G cells or microgastrinomas in the
duodenal Brunner’s gland

In 7 PPTD patients, duodenal gastrinomas were numer-
ous in only 2 patients, and there were 4 or more in 2 ad-
ditional patients. In 3 other patients, only 1 tumor was di-
agnosed as gastrinoma, and the other submucosal tumors
were mostly diagnosed as hyperplasia of the duodenal
Brunner’s gland. Not expecting these results, we catefully
re-examined the duodenal mucosal membrane with anti-
gastrin antibody and identified clusters of gastrin-produc-
ing cells in or adjacent to the Brunner’s gland, some of
which were diagnosed as microgastrinoma. The clusters
of gastrin-producing cells were found in all 7 duodenal
specimens after PPTD (Figute 2).

Five patients post-PPTD have been cured of gastri-
noma for lengths of time ranging from 2 year to 6 year
8 mo. However, in 2 patients in whom their preopera-
tive serum IRG levels were as high as 18200 pg/mL or

MEN 1
related
Pit NET
1987
HPT
71X 1983 1991 Nov
Pit NET
1997

operation diseases

Ulcer
related

Ulcer
diseases
DU 1984
JU 1990

DU, GU 1997

GU perf 1982 GX 1982
Tleus 1983

+
+
+

M
F
M

44
39

No. Age Gender ZES
21

ZES: Zollinger-Ellison syndrome; PD: Pancreaticoduodenectomy; SASI: Selective arterial secretagogue injection test; GIF: Gastrointestinal fibroscopy; CT: Computed tomography; IRG: Serum immunoreactive gastrin concentration;
N: Lymph node metastasis; L: Liver metastasis; NET: Neuroendocrine tumor; postop: Postoperative; F: Female; M: Male; DU: Duodenal ulcer; GU: Gastric ulcer; JU: Jejunal ulcer; perf: Perforation; GX: Partial gastrectomy; JX: Partial

jejunectomy; Pit: Pituitary; PitX: Extirpation of pituitary tumor; T PitX: Total resection of pituitary gland; HPT: Hyperparathyroidism; St ParX: Subtotal parathyroidectomy; GDA: Gastroduodenal artery; IPDA: Inferior pancreatoduodenal
artery; ND: Not detected; PX: Partial resection of the pancreas; D: Duodenum; P: Pancreatic; DOD: Died of other disease; Dsmt: Duodenal submucosal tumor; diff: Diffuse; D-EUS: Duodenal endoscopic ultrasonography; no recur: No

recurrence.
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No. Age Gender ZES  Ulcer Uicer MEN 1 Pre-first Localization of Operation Post- Gastrinoma Metastases Pancreas Prognosis Postoperative
diseases related  related duodenectomy gastrinoma duodenectomy NETs present status  secretin or
operation diseases  IRG (pg/mlL) WT IRG (pg/mlL) Location Number Size (mm) N L (post-op yr)  calcium test
4 49 M+ GU1984 GX1984  HPT 3,180 GDA ND PNET DX, DP, 50 D 9 17 0 0 1 Alivewell, after  Negative
Pit NET St ParX (gluc)  TParX (2004 Jul)
JU 1995 1996 Sep PitX (2006 Oct)
(13 yr 10 mo)
5 61 F +  GU1974 GX1974 HPT 400 GDA ND ND St Par X 1984 Apr 230 — 140 D 5 2-4 0 0 2 Alive well, Negative
! (14 yr 4 mo)
JU1975  JX 1975 230 GDA ND ND DX 1996 Apr no recur
(post Par X) DX 2004 Nov 170 — 70 D 1 4 0 0 0
6 56 F +  DU1997 - HPT 580 GDA ND ND PX 1997 Feb 885 — 68 D 3 1-2 1 0 3 Alive well, Negative
¢ St Par X 1999 Jul with
385 — 885 DX 2001 Jan mult PNET
(post Par X) DX 2007 Jan 400 - 54 D 2 30 0 0 © yr8mo)
7 44 F +  GU1992 - PNET PPPD 1993 Jan 137 - - - 0 0 1 Alive well, Negative
HPT St Par X 1993 Apr (9 yr 4 mo)
811 GDA Dsmt ND DX 2001 Apr 811 — 28 D 1 9 0 0 0 no recur
8 33 M - - - - HPT 3240 GDA Dsmt ND ParX 1993 44 D 1 10 1 0 mult Alive well, Negative
St ParX 2003 May (gluc) (7 yn)
DX, DP 2003 Jul No recur
9 54 F + GU, - Ins (multi) DP 1978 149 D 2 6,12 3 0 1 Alive well, Negative
DU 2005 HPT 49 500 nn Dsmt Dsmt TParX, TX 1989 (L yr6mo)
Pit NET Gsmt Gsmt  PitXy-K 1989, 1995 P(H) 1 15 norecur
GNET LNMets DX, GX, LNX 2009 Feb

ZES: Zollinger-Ellison syndrome; SASI: Selective arterial secretagogue injection test; GIF: Gastrointestinal fibroscopy; CT: Computed tomography; IRG: Serum immunoreactive gastrin concentration; N: Lymph node metastasis; L: Liver
metastasis; NET: Neuroendocrine tumors; postop: Postoperative; F: Female; M: Male; GU: Gastric ulcer; JU: Jejunal ulcer; DU: Duodenal ulcer; GX: Partial gastrectomy; JX: Partial jejunectomy; HPT: Hyperparathyroidism; P: Pancreatic; Pit:
Pituitary; G: Gastric; NET: Neuroendocrine tumor; Ins: Insulinoma; mult: Multiple; ParX: Parathyroidectomy; GDA: Gastroduodenal artery; ND: Not detected; Dsmt: Duodenal submucosal tumor; PX: Partial resection of the pancreas; LN:
Lymph node; DX: Extirpation of duodenal gastrinoma and/or partial resection of duodenum; St Parx: Subtotal parthyroidectomy; T Parx: Total parathyroidectomy; TX: Transplantation of parathyroid gland; PPPD: Pylorus preserving
pancreaticoduodenectomy; DP: Distal pancreatectomy; D: Duodenum; gluc: Glucagonoma; Mets: Metastasis; P(H): Pancreas head; LNX: Dissection of regional lymph nodes; NN: Not needed; NP: Not performed; no recur: No recurrence.
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No. Age Gender ZES Ulcer diseases Ulcer MEN1 Pre-PPTD  Localization of gastrinoma Operation Post-PPTD Gastrinoma Metastases Pancreas Prognosis  Post-PPTD
related  related IRG IRG NETs (post-op yr) secretin or
operation diseases (pg/mL)  sag| GIF cT (pg/mL)  Location Number Size (mm) N calcium test
10 51 F + DU 1997 Dec - HPT 54800  GDA, ND #6 LN St ParX 2003 Apr 216 D num 1-4 2 9 Alive well Positive
ol IPDA #13 LN PPTD, DP 2003 Nov (1; gluc) with L Mets
18200 (IRG 900)
(post ParX) (6 yr 8 mo)
1 30 M - - B HPT 820 GDA, ND PNET T ParX, TX 2004 Apr 110 D 1 5 0 1 Alive well Negative
' 1 IPDA (ancus tail)  PPTD, DP 2004 Jul {6yr)
Pit NET 206 no recur
(post ParX)
12 33 M + DU 2004 Mar - HPT 3050 GDA, Dsmt ND T ParX, TX 2003 Aug 57 D 1 5 0 multi Alive well Negative
! IPDA PPTD, DP 2004 Aug (6yr)
710 no recur
(post ParX)
13 48 F - - - HPT 687 IPDA, Dsmt #13 PPTD 2007 Apr 59 D num 1-5 1 multi  Alive well Negative
DPA diff PNET LN T ParX, TX 2007 Sep diff (2 yr 11 mo)
(D-EUS) PNET no recur
(<3 mm)
diff
4 33 M + JUperf2007 Jan  Patch HPT 13900 GDA  Dsmt #17 T ParX, TX 2001 Dec 255 D 1 8 2 multi  Alive well Positive
(post ParX) diff PNET LN PPTD 2007 Nov diff witn N Mets
(D-BUS)  Dsmt (IRG 371)
(2 yr 8 mo) .
15 57 F + DU perf 2006 Jan GX HPT 720 GDaA, ND ND T ParX, TX 2007 Mar 42 D 7 2 1 0 Alive well Negative
JU perf 2006 Jul X i IPDA PPTD, TG 2008 Aug 2yr)
Tleus 2007 May 646 no recur
JU perf 2008 Jul (post ParX)
16 32 M + Es bleeding HPT 1630 DGA, ND PNET ParX, PPTD 2008 450 D, 3, 3,10,11 3 3(>5 Alive well Negative
2002 Oct SPA (17 mmy) P(T)X Aug P(T) 1 10 mm) (2 mo)
DU JU perf no recur
2006 Jan JX 1000  DGA, ND PNET  DP,P(H)X 2009 Jul 94 P(b) 1 4 0 multi
JU perf 2008 Nov ~ GX, JX SPA (5-10 mmy)

ZES: Zollinger-Ellison syndrome; PPTD: Pancreas preserving total duodenectomy; SASI: Selective arterial secretagogue injection test; op: Operation; GIF: Gastrointestinal fibroscopy; CT: Computed tomography; IRG: Serum
immunoreactive gastrin concentration; N: Lymph node metastasis; L: Liver metastasis; NET: Neuroendocrine tumor; F: Female; M: Male; postop: Postoperative; DU: Duodenal ulcer; JU: Jejunal ulcer; perf: Perforation; Es: Esophagus;
Patch: Omental patch; GX: Partial gastrectomy; JX: Partial jejunectomy; HPT: Hyperparathyroidism; Pit NET: Pituitary neuroendocrine tumor; ParX: Parathyroidectomy; GDA: Gastroduodenal artery; IPDA: Inferior pancreatoduodenal
artery; DPA: Dorsal pancreatic artery; SPA: Splenic artery; ND: Not detected; Dsmt: Duodenal submucosal tumor; diff: Diffuse; D-EUS: Duodenal endoscopic ultrasonography; LN: lymph node; PNET: Pancreatic neuroendocrine tumor;
St ParX: Subtotal parathyroidectomy; T ParX: Total parathyroidectomy; TX: Tranplantation of the parathyroid; DP: Distal pancreatectomy; PX: Partial resection of the pancreas; D: Duodenum; P(T): Pancreas tail; num: Numerous; gluc:

Glucagonoma; mult: Multiple; NP: Not performed; diff: Diffuse; Met: Metastasis; no recur: No recurrence.
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Figure 2 Hyperplasia (A) and a cluster of gastrin-producing cells (B) in the duodenal Brunner's glands (in patient No. 12, who underwent pancreas-pre-
serving total duodenectomy for numerous duodenal microgastrinomas) were detected by immunohistochemical gastrin staining.
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Figure 3 Survival curve of 16 patients with multiple endocrine neoplasia type 1 and neuroendocrine tumors. A: Overall survival after initial resection surgery.
The survival rate at 10 years was 90.9%; B:Gastrinoma-free survival after initial resection surgery. The survival rate at 10 years was 82.0%.

13900 pg/mL after parathyroidectomy, and advanced
stages of gastrinoma were suspected, PPTD was non-
curative (Table 3). In one of them, hepatic metastases
have become apparent on CT film within 3 year postop-
eratively, and in the other patient, distant lymph nodes
metastases have developed.

Results of surgery and survival curves

Of the 16 patients in this series, 7 patients had single duo-
denal gastrinoma and 9 patients had multiple gastrinomas.
More specifically, 2, 4, 5, 6, and 9 duodenal gastrinomas
were detected in 1 patient each; 7 duodenal gastrinomas
in 2 patients; and numerous duodenal gastrinomas in 2
patients. In 2 patients (13%), pancreatic gastrinoma co-
existed with duodenal gastrinoma which were localized by
the SASIT test.

To date, 14 patients have been cured of gastrinoma
and 2 patients have been noncurative, postoperatively. The
overall patient survival curve is shown in Figure 3A, with
a survival rate of 90.9% at 10 years. The gastrinoma-free
survival curve is shown in Figure 3B, with a survival rate
of 82.0% at 10 years.

DISCUSSION

Controversy has surrounded the treatment strategy for

(49
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gastrinoma and pancreatic NET in patdents with MEN 1
and ZES"". It is difficult to determine whether aggres-
sive surgical resection of both gastrinoma and pancreatic
NETs improves survival rates and the long term biochem-
ical cure of gastrinoma in MEN 1 patients, because of the
rarity of the disease” ™", Many recently published ard-
cles support aggressive surgery, such as PD or multiple LR
of a few duodenal gastrinomas and distal pancreatectomy
for pancreatic NETs, for both biochemical cure of gas-
trinoma and prolongation of survival ™" On the other
hand, Gibril e /" teported the results of an important
prospective study on the natural history of gastrinoma
in patients with MEN 1, in which 57 patients with MEN
1 and ZES were followed for 8 year without performing
surgical resection for duodenopancreatic NETs until the
tumors grew to > 2.5 cm. In this study, 13 padents (23%0)
developed hepatic metastases and 3 patients died of duo-
denopancreatic NETs. They suggested that biochemical
cure of gastrinoma might be impossible in patients with
MEN 1 and that prolongation of survival of MEN 1 pa-
tients with an aggressive type of NETs would not be real-
ized until the development of a tool to differentiate an ag-
gressive type of NET from another slow growing type of
NET. Their results themselves, we think, support the idea
that early resection should be necessary for decreasing the
rate of hepatic metastases from duodenopancreatic NETs

1349 March 14, 2011 | Volume 17 | Issue 10 |
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in MEN 1 patients.

The present study shows that aggressive surgical re-
section for gastrinoma in MEN 1 patients using PD or
aggressive LR, or PPTD guided by localization with the
SASI test, was useful for long term biochemical cure of
duodenopancreatic gastrinoma, and that aggressive resec-
tion of pancreatic NETs was also useful for prevention of
hepatic metastases. So, we would like to recommend early
aggressive surgical resection of duodenopancreatic NETs
for MEN 1 patients.

Goudet ¢ al™ performed a cohort study of 758 pa-
tients with MEN 1 and found that gastrinoma was a sta-
tstically significant high-risk factor for death of patients
with MEN 1 secondary to the nonfunctioning pancreatic
NETs, and suggested earlier resection sufgery for both
gastrinoma and nonfunctioning pancreatic NETs in pa-
dents with MEN 1. Gauger and Thompson reported a
94% 15 year survival rate of patients with functioning
NETs (gastrinoma or insulinoma) in MEN 1 patients
after local resections of duodenal gastrinomas and a
distal pancreatectomy with enucleations of NETs in the
head of the pancreas without any operative morbidity”.
These results suggest that early resection of gastrinoma
in MEN 1 patients is useful for normalization of serum
gastrin levels and prevention of distant metastases.

Identification of gastrinoma among multiple NETSs
in the duodenopancreatic region of patients with MEN 1
is essentially impossible by imaging techniques alone™"".
The SASI test localizes gastrinomas or metastatic lymph
nodes by judging whether or not gastrin is secreted from
NETS in the area of interest by stimulation with a secre-
tagogue, so it can differentiate functioning gastrinoma
among multiple NETs in MEN 1 patients.

On the other hand, SRS and other imaging methods
[CT ot MRI or ultrasonography (US)] are useful for iden-
tification of hepatic metastases, although it is difficult to
tell the absence of gastrinoma in the area of interest. We
have used secretin for stimulating gastrinoma to release
gastrin during the SASI test for a long time, but now
we use calcium gluconate hydrate solution (Calcicol®),
because secretin has not been produced in Japan since
2004. We compared the results with both secretagogues
and found the results were identical ™.

In 1991, imaging methods were not sensitive for visu-
alizing < 1 cm gastrinoma; thus we performed resection
surgery of both gastrinoma and microgastrinoma based
on localization with the SASI test. When the SASI test
localized gastrinomas in the feeding area of the gastro-
duodenal artery, we petformed PD. In the first 3 patients
with MEN 1, the SASI test localized < 1 cm gastrinomas
in the head of the pancreas and/or the duodenum, so
we performed PD for them and all of them were cured
of gastrinoma; 2 patients have been alive and healthy for
more than 12 year, although a patient died of other causes
4 year postoperatively (Table 1). In the resected specimens
of the first 3 patients, < 1 ¢m gastrinomas were located
only in the duodenum and not in the pancreas. In those
days, endocrine surgeons working in the USA or EU grad-
ually found that the gastrinomas in patients with MEN 1

(44
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were localized mostly in the duodenum and rarely in the
pancreas™®. Thompson et al have started to perform
LR for duodenal gastrinoma and distal pancreatectomy
with enucleation of NET in the head of the pancreas in
MEN 1 patients™. According to our results and theirs,
we also started to perform local excisions of duodenal
gastrinomas and enucleation or a distal pancreatectomy
for pancreatic NETs, which are less invasive compared to
PD. Since then, 6 patients have undergone LR for duode-
nal gastrinomas, which has been successful in all patients,
although in 2 patients duodenal gastrinoma recurred and
second LR was performed 8 yeat 8 mo and 6 year after
the first LR.

We performed PPTD for 7 patients in whom duode-
nal gastrinomas were thought to number more than 5 dut-
ing surgery. The duodenal gastrinomas were numerous in
only 2 of 7 patients and the duodenal tumors in the other
5 patients were mostly diagnosed as hyperplasia of the
duodenal Brunner’s glands postoperatively (Table 3). Not
expecting these results, we immunohistochemically stained
the duodenal wall with anti-gasttin antibody and found a
cluster of gastrin-producing cells or microgastrinomas in
or adjacent to the Brunner’s gland. The clusters of gastrin-
producing cells in the Brunner’s gland were found in all of
the duodenal specimens after PPTD.

Kloppel ef a/*” have reported that in patients with
MEN 1, mutations in the menin gene can cause hyperpla-
sia of gastrin-producing cells in the duodenal Brunnet’s
glands, which are the precursor lesion of gastrinoma. Qur
results are consistent with their report. Thus, in the duo-
denum of MEN 1 patients with substantial numbers of
duodenal gastrinomas and/or microgasttinomas, de novo
gastrinoma might develop during the patient’s lifetime.

Of the 16 patients in the present study, 7 patients
(43.8%) had 1 duodenal gastrinoma and 9 patients (56.2%)
had multiple duodenal gastrinomas. Gastrinoma did not
recur in patients belonging to the former group, but re-
curred in 2 patients (22.2%) belonging to the latter group
who had 3 and 5 duodenal gastrinomas, respectively.
PPTD may be useful for preventing both residual mi-
crogastrinoma and recurrence due to development of de
novo duodenal gastrinoma in MEN 1 patients with sub-
stantial numbers of gastrinomas and microgastrinomas.

In 7 patients who underwent PPTD, no postoperative
complications, such as pancreatic leakage, acute pancre-
atitis, abscess or surgical site infections, have been experi-
enced. Thus, PPTD is less invasive surgery compared to
PD. On the other hand, dissection of the regional I ymph
nodes may be incomplete by PPTD compared to PD. As
duodenal gastrinoma metastasizes to the regional lymph
nodes independent of size, any regional lymph nodes
around both the pancreas head and the common hepatic
artery have to be dissected. Lymph nodes along the supe-
rior mesenteric artery have to be resected when they are
palpated hard®”.

When considering the optimal surgery for patients
with MEN 1 and gastrinoma, we must first seriously
consider the risk of hepatic metastases from pancreatic
NETs7 7142630, Hepatic metastases from pancreatic
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NETs are more serious than those from duodenal gastri-
noma, and the rate of hepatic metastases from pancreatic
NETs is at least several times more frequent than those
from duodenal NETs***5*%, Thus, we recommend distal
pancreatectomy for pancreatic NETS with enucleations of
NETs in the pancreatic head more than 1 cm, as recom-
mended by Thompson!'".

As for optimal surgical resection for sporadic duodenal
NET, recently several articles have dealt with the subject
relating to the staging of duodenal nonfunctioning NETs.
Evans’s group have performed a retrospective analysis of
patients with duodenal NETs operated at their institute
and they proposed a standard strategy for duodenal NETs
using a staging based on the depth of tumor invasion and
the grading of the development of the distant metasta-
ses”'l Sarr’s group also published a similar study™. Both
groups recommended endoscopic excisions for duodenal
NET smaller than 1 cm, and open transduodenal resection
with dissection of the regional lymph nodes for duodenal
NET between 1 em and 2 em, because rate of lymph node
metastases cannot be ignored in duodenal NET between 1
and 2 cm in diameter. Both groups recommended PD for
duodenal NET more than 2 em with lymph node metasta-
ses”'™. However, both groups intentionally excluded duo-
denal gastrinoma from their retrospective analytical stud-
ies, because the natural history of duodenal gastrinoma
seemed quite different from other duodenal NETS, which
suggested a more aggressive progression of duodenal gas-
trinoma®"*?.

In our study, 7 of 16 patients had only 1 duodenal
gastrinoma, but 3 of the 7 patients had metastatic lymph
nodes, and 1 of them (No. 14) had distant metastases
resulting in noncurative resection of gastrinoma (Table 3).
So, instead of endoscopic excision, local resection with
dissection of lymph nodes may be recommended for a
few < 1 cm duodenal gastrinomas in MEN 1 patients'™?,
For substantial numbers of < 1 cm duodenal gastrino-
mas with multiple pancreatic NETs in MEN 1 patients,
we would like to recommend PPTD with distal pancre-
atectomy and enucleation of > 1 cm NETS in the head
of the pancreas, because cure of duodenal gastrinoma
is not likely to be achieved for a long time due to both
possible residual microgastrinoma and development of
de novo gastrinomas in the duodenum™*, PD might be
indicated for MEN 1 patients with a substantial number
of both duodenal gastrinomas and metastatic regional
lymph nodes with a few > 1 c¢m pancreatic NETs. Of
course, curative resection has to be indicated before de-
velopment of hepatic micrometastases.

In this series, only one patient has died of other dis-
eases and the other patients have been alive and well to
date. Overall survival curve of the patients is shown in
Figure 3A. Evaluating together with the gastrinoma-free
survival curve of these patients (Figure 3B), we would like
to conclude that resection surgery was useful for cure of
gastrinoma and prolongation of survival of the patients
with MEN 1 and gastrinoma.

Given that pancreatic gastrinoma co-existed with duo-
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denal gastrinoma in 12.5% of our patients, caution is
advised, because many surgeons and pathologists have
believed that pancreatic gastrinoma is rare in MEN 1 pa-
tents”™. To date, total pancreatectomy has rarely been pet-
formed for MEN 1 patients, but we think that total pan-
createctomy may be indicated for a few MEN 1 patients
according to decisions based on the clinicopathological
genetic analysis of pancreatdc NET in such padcntSM.

In conclusion, aggressive resection surgery based on
accurate localization was useful for biochemical cure of
gastrinoma in patients with MEN 1 and gastrinoma. Giv-
en that pancreatic gastrinoma co-existed with duodenal
gastrinomas in 2 of 16 patients (13%), we would like to
recommend the SASI test for preoperative localization of
gastrinoma in MEN 1 patients.

ACKNOWLEDGMENTS

The authors thank Dr. Tomika Harada for his statistical
analyses in this study and Drs. Masahiko Tsuboi, Kenta-
ro Isoda, Takahiro Nishio, Wataru Hirata, Mikiko Ueda,
Yukito Adachi, Kiyoshi Hirai, Yoshiyuki Miura, Hideka-
zu Esaki, Yohei Hosoda and Yoshiro Taki for their as-
sistance during surgery. These individuals are with the
Departments of Surgery of Saiscikai Noe Hospital and
Kansa Electric Power Company Hospital.

COMMENTS

Background

Treatment strategy for gastrinoma and pancreatic neuroendocrine tumors
(NETs) in patients with multiple endocrine neoplasia type 1 (MEN 1) has been
controversial. Most doctors have thought that gastrinomas in MEN 1 cannot
be cured because curative resection is rare and recurrence rate is high, and
pancreatectomy for pancreatic NETs in MEN 1 does not make sense, since
NETs and micro-NETs exist diffusely in the pancreas. On the other hand, recent
reports by a few aggressive surgeons show that a high cure rate of gastrinomas
and long term prolongation of survival have been achieved by aggressive sur-
gery. For achieving curative resection of gastrinomas in MEN 1, correct local-
ization of gastrinomas is essential for guiding curative surgery, and in order to
prolong the life of patients with MEN 1 and duodenopancreatic NETs, surgical
resection of these NETs before development of hepatic metastases is essential,
because hepatic metastases is the most significant prognostic factor.
Research frontiers

The authors should select an optimal modus of surgery for curing gastrinoma
and pancreatic NETs in MEN 1 patients, otherwise surgery may end non-
curatively or may become too invasive to ensure quality of life for patients. For
the best balance between curability of surgery and postoperative good quality
of life, the best modus of surgery should be applied for patients with MEN 1 and
gastrinoma by estimating the stage of duodenopancreatic NETs.
Innovations and breakthroughs

The present study shows that cure of gastrinomas in MEN 1 patients can be
obtained when you resect gastrinomas guided by localization with the SASI
test, and prevention of hepatic metastases can be obtained by resection of >
1 ¢m pancreatic NETs by pancreatectomy of enucleations. As for the modus of
surgery, we are the first to propose pancreas-preserving total duodenectomy
(PPTD) for multiple or numerous duodenal gastrinomas in MEN 1 as the opti-
mal extent of aggressive surgery. The authors have also proved that pancreatic
gastrinoma co-exists with duodenal gastrinoma in 13% of patients with MEN
1, although recently most surgeons and some pathologists have reported that
gastrinomas exist only in the duodenum in MEN 1 patients.

Applications

By understanding the fact that curative surgical resection is possible by correct
localization, and by further development of clinicopathological genetic analysis
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of the

disease, the optimal surgical strategy corresponding to the stage of the

disease will be established for gastrinomas and duodenopancreatic NETs in
MEN 1 patients in the near future.

Terminology

PPTD

is the modus of surgery by which total duodenum is resected without

resecting pancreas tissue. Traditionally, for resecting malignant tumors in the
duodenum, pancreatoduodenectomy has been used by which one third of the
pancreas is resected with the duodenum.

Peer review

The study evaluates the standard surgery for patients with gastrinoma in MEN
1 guided by accurate preoperative localization.
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