
Zollinger-Ellison syndrome: Recent advances and controversies

Tetsuhide Ito, MD, PhD1, Hisato Igarashi, MD, PhD1, and Robert T Jensen, MD.2

1Department of Medicine and Bioregulatory Science, Graduate School of Medical Sciences, 
Kyushu University, 3-1-1 Maidashi, Higashi-ku, Fukuoka 812-8582, Japan

2Digestive Diseases Branch, NIDDK, NIH, Bethesda, MD 20892-1804

Abstract

Purpose of review—To review the recent advances and current controversies in patients with 

Zollinger-Ellison syndrome (ZES)

Recent findings—Recent advances in the management of ZES include: (i) improved 

understanding of the pathogenesis of gastrinoma and pancreatic neuroendocrine tumors (pNETs), 

(ii) new prognostic classification systems, (iii) new diagnostic algorithms, (iv) more sensitive 

localization studies, (v) new treatment strategies including improved control of gastric acid 

secretion and role for surgery, and (vi) new approaches to patients with advanced disease. 

Controversies include: (i) the best approach to a patient with hypergastrinemia suspected of 

possibly having ZES, (ii) the appropriate gastrin assay to use, (iii) the role of surgery in patients 

with ZES, especially those with multiple endocrine neoplasia type 1 (MEN1), and (iv)the precise 

order of therapeutic modalities in the treatment of patients with advanced disease.

Summary—This review updates clinicians regarding important advances and controversies 

required to optimally diagnose and manage patients with ZES.
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INTRODUCTION

In the last few years there are a number of advances regarding the pathogenesis, 

management, and specific treatment of gastrinomas causing the Zollinger-Ellison-

syndrome(ZES), as well as other pancreatic neuroendocrine tumors(pNETs), and number of 

areas of controversy. In this article we will review these, concentrating on articles within the 

2–3 years. [1●,2,3●,4,5●,6●●,7–11]. In general, topics that deal specifically with 

gastrinomas will be dealt with because a number of recent articles/reviews deal with general 

aspects of all pNETs including: clinical features, pathophysiology/diagnosis[1●]; 

surgery[2,3●]; localization[4,5●] and treatment of advanced disease[cytoreduction, liver-
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directed treatments(embolization, chemoembolization, radioembolization), 

biotherapies(somatostatin-analogues, interferon), peptide-radio-receptor-therapy [PRRT], 

chemotherapy and molecular-targeted medical therapies with mTor-inhibitors(everolimus) 

and tyrosine-kinase inhibitors(sunitinib), liver-transplantation][6●●,7–11]. Furthermore, a 

number of consensus guidelines covering all aspects of management of pNETs, including 

gastrinomas, have recently been published[8,9,12,13●●]

CLINICAL PRESENTATION

Symptoms of ZES are characteristically due to acid hypersecretion caused by the presence 

of a neuroendocrine tumor(NET) ectopically-secreting gastrin(gastrinoma), most frequently 

duodenal, less frequently pancreatic, in location[14–17]. In the past, most patients presented 

with refractory peptic-ulcer disease(PUD) or complications of acid hypersecretion such as 

perforation, penetration, bleeding, and esophageal stricture [16–18]. In the current era of 

effective antisecretory medications (PPIs and histamine H2 receptor antagonists) this form 

of presentation has markedly decreased [14,16,19●,20], however, a number of recent reports 

still describe cases presenting with these complications[21–23]. This should not be too 

surprising, because the delay in diagnosis of ZES remains 6–9 years and hasn’t changed, 

despite >3600 articles on ZES and the widespread availability of gastrin-

radioimmunoassays[16,20]. At present, most ZES patients present with pain due to a typical 

duodenal ulcer or gastroesophageal reflux(GERD), but up to 75% manifest diarrhea and this 

may be the sole presenting symptom in 3–10%[16,24●], as well illustrated in a recent case-

record in the New England J Medicine[24●].

In 20–25% of ZES patients, concomitant Multiple-Endocrine-Neoplasia-type 1(MEN1) is 

present[9,14,25,26]. MEN1 is an autosomal-dominant syndrome due to defects in the 

MEN1-gene(chromosome-11q13), resulting in alterations of a 610-amino acid nuclear-

protein, menin[27]. These patients characteristically develop hyperparathyroidism(90–99%), 

pNETs(80–100%) and pituitary adenomas(50–65%), with the most common, functional 

pNET-syndromes being ZES(mean-54%, range 20–61%) and insulinoma(7–31%)[27]. 

Although most patients initially present with hyperparathyroidism, a proportion can present 

with ZES and the hyperparathyroidism can be mild and difficult to detect[25–28]. Two 

recent papers[21,23] report these patients can also present with PUD 

complications(bleeding, perforation). Although this is now a less common form of 

presentation with the availability of antisecretory drugs, nevertheless it is not uncommon or 

surprising because the delay in diagnosis in MEN1 patients, in whom ZES should be 

potentially suspected in all, is still 5 years[25,27]. Recent studies show that ZES presents 10 

years earlier in MEN1 patients(mean-33.2 yrs), and that the hyperparathyroidism can effect 

the activity of the ZES, and can even mask the ZES’s presence if adequately 

controlled[16,25,29,30], therefore it is important all patients with MEN1 be assessed for 

ZES.

Although ZES occurs in most cases as a separate distinct syndrome, it is important to 

remember that it is one of the pNET-syndromes most frequently reported in association with 

other functional pNETs syndromes[16,25] such as Cushing’s syndrome, carcinoid 

syndrome, insulinoma, and parathyroid hormone-related protein secreting tumors. In recent 
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papers these include: Cushing’s syndrome, especially in patients with advanced metastatic 

gastrinoma(ectopic-Cushing’s) or in patients with MEN1(pituitary-Cushings)[25,27,31–33]

[25,34];insulinomas(especially in MEN1 patients)[25,35];or PTH-RPomas[36].

Pathology, classification, and molecular pathogenesis

In the original description of ZES[37] and in most early studies, it was thought that the 

gastrinoma was pancreatic in location(non-β-cell-tumor)[18,37], however recent surgical 

series[14,38–41] show 40–90% of gastrinomas are duodenal, in both patients with/without 

MEN1. This change is due to the fact that duodenal gastrinomas are frequently small(<1-

cm), not seen on imaging and thus were easily missed in the early studies, and are still 

missed at surgery, if a routine duodenotomy isn’t performed[14,38,39,42,43]. Primary 

gastrinomas are uncommonly located in other intra-abdominal locations including:lymph 

nodes(controversial), stomach, mesentery, renal capsule, splenic hilum, omentum, ovary and 

in the liver/biliary tract[41,44,45,46●,47–49]. Rarely (<0.3%) primary gastrinomas may 

occur in extra-abdominal locations such as the heart and lung[41].

In early studies, 60–90% of gastrinomas were associated with metastases[14,39,41]. Surgical 

studies demonstrate that 30–70% of patients with duodenal or pancreatic gastrinomas have 

lymph nodes metastases. Liver metastases, however, are much more frequent in patients with 

pancreatic gastrinomas[41,50]. At present, the molecular basis for this difference is 

unknown.

Recently, it has been proposed that gastrinomas, as well as all pNETs and carcinoid tumors 

should be classified as neuroendocrine tumors (NETs)[51●●,52]. A number of different 

classification systems have been proposed including the WHO classification, European-

Neuroendocrine-Tumor-Network classification (ENETs), and an American classification 

system by UJCC/IUCC[51●●,52]. WHO classifies NETs in different sites into poorly-

differentiated or well-differentiated endocrine tumors or carcinomas with the well-

differentiated further divided into classes with different behavior depending on size, 

functionality, location, invasiveness, and proliferative indices[51●●,52]. Both a grading 

system and a TNM classification have been proposed[51●●,52]. Proper classification of 

gastrinomas is essential, because they have prognostic value and in some cases affect 

treatments recommended[51●●,52,53]. Most gastrinomas are classified as well-

differentiated pNETs-Grade 1.

The origin/pathogenesis of gastrinomas remains enigmatic. In contrast to GI 

adenocarcinomas, mutations in common tumor suppressor genes are uncommon (p53, 

retinoblastoma, etc) and alterations in common oncogenes(Ras, myc, etc) are 

uncommon[15,54●,55●,56]. However, recent studies report overexpression of interacting 

proteins may lead to inactivation of both the retinoblastoma protein cascade and p53 tumor 

suppression genes in pNETs[57,58]. Alterations in the MEN1 gene occur in 44% of sporadic 

gastrinomas and other pNETs and of p16/MTs1 in 50–92%[54●,55●,56]. Also reported are 

frequent alterations in the mTor pathway as well as the importance of tyrosine-kinase-

receptors for tumor growth[54●,55●,56]. The exact cell of origin of gastrinomas, remains a 

subject of controversy with some suggesting that pancreatic gastrinomas may originate from 

islet and/or duct cells[59,60]. In the case of duodenal gastrinomas in patients with MEN1, 
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but not with sporadic duodenal gastrinomas, studies suggest their pathogenesis involves 

increasing degrees of proliferation of duodenal G-cells concomitant with loss-of-

heterozygosity at the MEN1-locus(11q13) in the G-cell[59,61].

DIAGNOSIS/DIFFERENTIAL DIAGNOSIS OF ZES

The diagnosis of ZES is not straight-forward and is becoming both controversial as well as 

more difficult. It is becoming more controversial because of the difficult of diagnosing ZES 

with the widespread use of PPIs and the contrasting approaches proposed in different papers/

guidelines recently[12,13●●,62●●,63●●,64–66]. It is becoming more difficult because 

of the widespread use of PPIs which can mask/delay the diagnosis, and can cause 

hypergastrinemia themselves which can confuse the diagnosis[64●●,65–69]. Furthermore, 

it is reported that many of the gastrin assays used worldwide give erroneous results, either 

underestimating or overestimating the fasting-gastrin concentrations level[62●●,70●●]. 

Each of these issues will be briefly discussed below.

The first study usually performed when ZES is suspected is a fasting-serum gastrin 

concentration[62●●,69], because in >99% of ZES patients, fasting-hypergastrinemia is 

present, except in uncommon, special circumstances(previous gastrinoma resection, 

MEN1/ZES post-parathyroidectomy)[29,62●●,71,72]. Alarmingly, a recent study[70●●] 

reported that seven of 12 commercial gastrin assay kits inaccurately measured fasting-serum/

plasma gastrin concentrations either over- or under-estimating the true value, because these 

assays used antibodies with inappropriate specificity, that were insufficiently validated. 

These assays could result in ZES being unduly suspected or result in the diagnosis being 

missed[62●●,70●●]. Furthermore, secretin(or glucagon in countries where secretin is not 

available)[73], and to a lesser extent, calcium gastrin-provocative tests are needed in a subset 

of patients with ZES, to firmly establish the diagnosis[62●●,74] and a positive 

response(>120 pg/ml increase=secretin, ≥395 pg/ml=calcium) can only be determined using 

an accurate gastrin-assay[74]. Therefore, without a reliable gastrin-assay it is not possible to 

be certain ZES is present or not. To circumvent these problems it is recommended that either 

one of the 5 reliable gastrin-assays listed in this paper be used or a group well-versed in 

diagnosing ZES in your area be contacted to ascertain which gastrin-assay in your area is 

reliable.

Hypergastrinemia can either be physiological(due to hypo-/achlorhydria) or inappropriate 

due to a disease process such as ZES, resulting in the inappropriate release of gastrin, 

despite the presence of gastric acidity[69,75]. Physiological-hypergastrinemia is the most 

common cause of fasting hypergastrinemia and frequently observed in patients with chronic 

atrophic gastritis/pernicious anemia (hypochlorhydria), chronic helicobacter infection of the 

oxyntic mucosa (hypochlorhydria), PPI use (hypochlorhydria), and renal failure (decreased 

excretion of gastrin)[62●●,65,66,69,75]. This group of patients is much more frequent than 

ZES and therefore must be distinguished from patients with ZES[62●●,65,66,69]. 

Unfortunately, in patients with chronic atrophic gastritis/pernicious anemia, there is no level 

of hypergastrinemia alone that can separate these patients from patients with ZES In most 

recent reviews as well as all recent guidelines[1●,12,13●●,62●●,63●●,66,69] it is 

proposed that the only certain approach to identify most patients with hypergastrinemia as 
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possibly having ZES, is to assess the gastric-pH. In a review of 1219 patients with ZES[76], 

it is reported that 100% of patients, without previous gastric acid-reducing surgery and off 

antisecretory medications, had a gastric pH <2. This approach, however, is somewhat 

controversial because this approach is not without potential risk, because ZES patients can 

quickly develop acid-peptic complications when taken off PPIs for the recommended one 

week[62●●,64●●,69]. Furthermore, because PPIs have a long duration of action(up to 1 

week), to be certain uninhibited gastric acidity returns, it is recommended the PPIs be 

stopped for at least one week[1●,12,13●●,62●●,63●●,66,69]. A recent study[64] 

reports two patients with suspected ZES(later proven) who developed severe complications 

of PUD when the PPIs were stopped(esophageal stricture, intestinal perforation), and it is 

proposed that PPI treatment be maintained and the diagnosis of ZES established while the 

patient continues to take PPIs or a reduced dose of PPIs. Unfortunately, as pointed out in two 

recent commentaries[62●●,63●●], this is not possible in most cases, because many 

patients with ZES continue to have profound acid-inhibition with low doses of PPIs; there is 

no clinical feature that unequivocally establishes the diagnosis of ZES; there is no absolute 

level of gastrin or any tumor marker(chromogranin A, etc) that distinguishes ZES; pNETs 

are frequently not seen on imaging studies, and even the establishment of a pNET 

containing-gastrin does not unequivocally establish the diagnosis of ZES[62●●,63●●]. 

Lastly, a positive secretin-provocative test(≥120-pg/ml increase) which is frequently used to 

establish the diagnosis of ZES in questionable cases and has a sensitivity of 94% and 

specificity of 100%[74], may not give reliable results while patients are taking PPIs, because 

PPI’s use can lead to a false-positive secretin test[77]. Because of these potential difficulties 

in making the diagnosis of ZES and withdrawing PPIs, it is recommended that the best 

approach is to consider referring the patient to a group well-versed in establishing the 

diagnosis of ZES[12,13●●,15,62●●,63●●]. If this is not possible it is recommended that, 

after establishing no active PUD is present, the patient be treated with high doses of a 

histamine H2-receptor antagonist(ranitidine-450–600 every 4–6 hour), while the PPI is 

withdrawn for 3–7 days, and then stopping the ranitidine for 24 hours and assessing the 

gastric acidity and fasting gastrin[1●,12,13●●,62●●,63●●,66,69]. A diagnosis of ZES is 

established if the patient has a (i) fasting-gastrin >10 -fold normal with a gastric-pH<2(40%-

patients) or(ii) fasting gastrin <10-fold, if the gastric pH<2, and there is presence of a 

positive secretin-stimulation test or gastric hypersecretion[1●,12,13●●,62●●,63●●,

66,69]. The later studies are needed in patients with <10-fold elevation of ZES(60%-

patients), because a number of diseases can also give hyperchlorhydria/hypergastrinemia in 

this range besides ZES, including H. pylori infections, renal failure, antral hyperplasia/

hyperfunction, retained antrum syndrome and large small bowel resections[8,14,15,62●●]. 

Because of the potential pitfalls in securing the diagnosis of ZES and withdrawing PPIs, the 

best approach may be to refer the patient to a group well-versed in establishing the diagnosis 

of ZES[12,13●●,15,62●●,63●●].

CONTROL OF ACID HYPERSECRETION

Acid hypersecretion can now be controlled medically in almost all patients with ZES, except 

for a small percentage(<0.2%) who can’t or won’t take oral antisecretory drugs[12–

15,17,19●,20,69]. PPIs(omeprazole, esomeprazole, rabeprazole, pantoprazole, 
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lansoprazole) are the drugs-of-choice because of their potency/long-durations of action, 

allowing once- or twice-a-day dosing[12–15,17,19●,20,69]. H2RAs are also effective, 

however high, frequent doses are required, and at least one dose-change per year is 

needed[14,15,19●,69]. Furthermore, in situations where oral dosing can not be used(during 

or after surgical procedures, vomiting, gastric obstruction, severe esophageal stricture, etc), 

intravenous(IV) PPIs are the drugs-of-choice[19●,78]. Studies show IV-pantoprazole can 

control acid hypersecretion when given intermittently with 2- or 3-times-a-day dosing[19●,

78], whereas IV-H2RAs must be given in high doses by continuous infusion[19●,69]. 

Patients with complicated ZES (severe GERD, Billroth 2 resections, and MEN1 with 

untreated hyperparathyroidism) are more difficult to treat and require usually twice-a-day 

PPI dosing often at higher doses (i.e.>20–40 mg/day-omeprazole)[14,15,19●]. Until 

recently, there was little data on the treatment of pregnant females with ZES[79] but recent 

data suggests that oral H2RAs or PPIs are effective and safe during pregnancy [19●,80,81].

PPIs and H2RAs have the ability to control the acid hypersecretion of ZES patients for >10 

years. Dose increases are usually required yearly with H2RAs but not usually required with 

PPIs, demonstrating these drugs remain effective and tachyphlaxis is not a 

problem[13,14,19●,69]. Long-term PPI treatment in ZES has proven safe with very few 

side effects (<0.1%) causing treatment to be stopped[19●] [83–87]. The long-term effects of 

PPI-induced hypo-/achlorhydria include a potential concern related to possible nutrient 

malabsorption[vitamin B12(VB12), calcium, iron], and the possible effect of enhanced 

hypergastrinemia, resulting in the possible development of gastric carcinoids or other 

neoplasms[19●,82–84]. Low VB12 levels, but not body iron stores, are not infrequent in 

ZES and low VB12 levels occur more frequently in ZES patients treated with PPIs[19●,85]. 

Recent epidemiologic studies[83,84,86] demonstrate prolonged PPI use may result in an 

increased incidence of bone fractures, but there are no specific studies in ZES[19]. There are 

a number of reports of PPI induced nephritis, pneumonias, hypomagnesemia, enteric 

infections and lansoprazole including colitis, but none of these are reported in ZES 

patients[19●,83,84,87].

Prolonged hypergastrinemia in animals and humans man causes proliferation of gastric 

mucosal enterochromaffin-like (ECL) which rarely progresses to carcinoid tumors in 

humans cells(ECL-cells), and in numerous animal models of chronic hypergastrinemia, with 

time, gastric carcinoids(ECLomas) can develop, some of which are malignant[82,88,89]. It 

has been proposed the gastric carcinoids develop through a sequence involving increasing 

degrees of ECL-cell hyperplasia(diffuse, linear, micronodular, dysplasia) [19●,82]. PPIs 

increase the incidence of gastric carcinoids in animals, but not in man[90]. However, 

hypergastrinemia alone in man appears to rarely cause a gastric carcinoid, at least up to 10-

years, because they rarely occur in patients with sporadic ZES(nonMEN1)[19●,82,88]. In 

contrast, gastric carcinoids develop in 23% of patients with ZES/MEN1[89] and are not 

infrequent in chronic atrophic gastritis/pernicious anemia[90] suggesting an accompanying 

defect may be needed in man, such as loss of the MEN1 gene or the presence of chronic 

atrophic gastritis, at least for the short term development of gastric carcinoids(<10 years)

[19●,82,88,89]. There is no evidence PPIs in patients with ZES increases the rate of 

development of gastric carcinoids[19●,82,91]. Some studies propose that hypergastrinemia 
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is associated with the development of colon cancers, but there is no evidence they occur at 

increased rate in ZES or that PPIs increase their development[19●,82].

LOCALIZATION OF GASTRINOMA

Tumor localization and assessment of tumor extent is essential for the management of 

ZES[4,5●,6●●,12,13–15,92]. Numerous imaging modalities are used for preoperative 

assessment or serial assessment of tumor location/extent including: cross-sectional imaging 

studies(CT scanning, MRI, ultrasound);selective-angiography; somatostatin-receptor-

scintigraphy(SRS) using 111Indium-labeleled-somatostatin analogues or 68Gallium-labeled-

somatostatin analogues with positron emission tomographic imaging(PET-

scanning);endoscopic ultrasound(EUS) and assessment of gastrin hormonal-gradients either 

assessed trans-hepatically in portal venous drainage or in hepatic veins after selective intra-

arterial secretin-stimulation [5●,12,14,15,93–95]. At the time of surgical exploration the use 

of intraoperative ultrasound(IOUS), transillumination of the duodenum, and performance of 

a duodenotomy to localize small duodenal primaries is recommended[14,96,97].

Cross-sectional imaging with CT or MRI with contrast enhancement (CT, MRI) remains the 

most widely used initial imaging-study in ZES patients, because of its widespread 

availability, however their detection rate is size-dependent missing many lesions <1cm[5●,

15,43,92,98,99]. SRS is the most sensitive modality for assessing the extent of the disease 

and is valuable in ZES, as in other pNETs, for detecting liver/distant metastases, as well as 

the primary tumor[15,99–101,102●]. In the US, SRS is performed using 111Indium-

labeleled-somatostatin analogues with SPECT imaging. Studies in Europe, and in a few 

center in the US, demonstrate that 68Gallium-labeled-somatostatin analogues with positron-

emission-tomographic scanning (PET)-scanning, is more sensitive, and likely will become 

the procedure-of-choice in the future[5●,101,102●]. Cross-sectional imaging will detects 

30–50% of primary gastrinomas<1–2 cm whereas, SRS with 111Indium-labeleled-

somatostatin analogues with SPECT imaging detects 60–70%. For hepatic metastases, cross-

sectional imaging will detects hepatic metastases in a patient with proven hepatic metastases 

in 70–80%. whereas SRS will detects them in 85–95%[15,99,100,103]. EUS is useful for 

localizing pancreatic gastrinomas, but misses ~50% of duodenal gastrinomas and thus is of 

limited value in ZES [104]. Assessment of gastrin gradients is now rarely used in ZES 

patients.

SURGICAL TREATMENT OF Localized GASTRINOMA

Recent guidelines and other studies agree that in patients with sporadic ZES(without MEN1/

ZES), surgery for cure should be attempted if there is not an accompanying illness limiting 

life expectancy or increasing surgical risk[3,12–15]. The immediate postoperative cure-rate 

in the NIH prospective studies is 50–60% and the long-term cure rate is 35–40%[38,97,105]. 

Surgical resection in ZES patients decreases the rate of development of hepatic metastases 

and increases survival[32,50,106,107]. Even in ZES patients with negative imaging, a recent 

study reports an experienced surgeon will find a gastrinoma in 98% and 50% will be 

cured[108●●]. In this study[108●●] the patients with negative imaging had a mean delay 

of 8.9 years from onset of ZES to surgery which was significantly longer than patients with 
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positive imaging, and 7% had liver metastases at the time of surgery, raising the possibility 

the long delay to the development of liver metastases. While it is well-established the 

presence/development of liver metastases is an important prognostic factor in patients with 

ZES, the routine resection of lymph nodes is controversial, not only because of the 

controversy over whether lymph-node primary gastrinomas exist[109–111], but also because 

the importance of identifying lymph node metastases is controversial, with some studies 

showing they have prognostic significance and others not [32,50,112●,113●]. Recently the 

importance of lymph node metastases in gastrinomas[112●,113●,114,115] and all 

pNETs[112,114] has been investigated. Lymph-node metastases occurred in 43–82% of 

patients with gastrinomas[ [112●,113●,114,115], and in recent studies the postoperative 

survival rate in pNET patients or patients with gastrinomas with positive lymph nodes 

[112●,113●] was significantly lower. In one study[112●] the time to the development of 

liver metastases was significantly reduced in patients with lymph node metastases, and in a 

large subgroup of patients with gastrinomas with longer followup, the presence of lymph-

node metastases was associated with decreased disease-related survival and the decrease was 

a function of the number of lymph nodes involved. Each of these studies concluded that 

lymphadenectomy should be routinely performed in patients with gastrinomas and other 

pNETs and that this not only has prognostic value, it may prolong recurrences and increase 

survival[112●,113●,114,115].

Another area of increasing surgical controversy is the role for laparoscopic surgery in 

patients with ZES. Laparoscopic resection is increasingly being used in patients with 

pNETs, especially in patients with insulinomas or in some cases with nonfunctional pNETs, 

which are localized by imaging[116,117]. A small number of patients with ZES have 

undergone laparoscopic resection[116–118] with favorable outcomes. Because of the need 

for (i) complete exploration of the abdomen, especially of the gastrinoma triangle area 

[duodenum/pancreatic head-area], (ii) routine lymphadenectomy, and (iii) routine 

duodenotomy combined with a Kocher-maneuver, it has been recommended that the 

standard operation in ZES patients not be performed laparoscopically. However, there may 

be a place for laparoscopic surgery in selected cases such as patients with localized distal 

pancreatic gastrinoma. The timing, type of operation and place of routine surgical 

exploration in patients with MEN1/ZES remains controversial. This occurred because 

numerous studies demonstrate these patients usually(>85%) have duodenal gastrinomas, in 

additional to pancreatic pNETs which are primarily nonfunctional pNETs(<15% 

gastrinomas) and the duodenal gastrinomas are invariably multiple, often small(<0.5cm), 

and in 40–60% of cases associated with lymph-node metastases[14,40,105,119]. 

Consequently, enucleation or local resection rarely leads to long-term cure. Some authors 

suggest that cure can only be achieved by performing a 

pancreaticoduodenectomy(Whipple/or related-operation)[14,27,40,119]. MEN1/ZES 

patients with small(<1.5–2 cm) pancreatic pNETs have excellent prognoses(survival up to 

90–100%–15 years without surgery), as well as MEN1/ZES patients with small duodenal 

gastrinomas. Some propose all patients with MEN1/ZES undergo surgical exploration and 

resection/enucleation of any pNET; others that only selected patients with pNETs>2 cm 

undergo exploration and still others that that aggressive resection with 

pancreaticoduodenotomy, if needed, be considered[14,27,104,120,121]. Still others 
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recommend routine pancreaticoduodenectomy in an attempt at cure. Each approach has its 

advocates but there are no prospective studies to provide guidance. This confusion partially 

exists because the current natural history of patients with MEN1/ZES or MEN1/pNETs is 

unclear[9]. Recent ENETs/NANETs guidelines[12,13●●] recommend that routine surgery 

for possible cure not be undertaken routinely but be reserved for ZES patients with >2cm 

lesions and pancreaticoduodenectomy generally not be performed.

TREATMENT OF GASTRINOMA PATIENTS WITH ADVANCED METASTATIC 

DISEASE

It should be kept in mind that most gastrinomas (60–90%) are malignant and most are not 

cured by surgery. Treatment directed at the metastatic gastrinoma in patients with advanced 

disease, as with other advanced pNETs, is becoming increasingly important, now that the 

hormone excess-state can be effectively managed in most cases[6●●,122●●]. [6●●,

122●●] [14]. Only 40% of sporadic ZES patients are cured and almost none with MEN1. 

The presence of liver metastases is one of the most important prognostic factors for survival 

in patients with ZES, with survival decreasing with increasing extent of hepatic 

metastases[15,32,50]. The 10-year survival in patients with diffuse metastatic gastrinoma in 

the liver is 15–25%[6●●,32,50]. There are only a limited number of studies specifically 

addressing the treatment of ZES patients with advanced disease, and most data comes from 

series with patients with all the different pNETs, gastrinomas included. This occurs because 

most centers have limited numbers of these patients and more importantly, became the 

antitumor treatments of advanced pNETs are similar for all the different pNETs, with 

differences occurring primarily in the treatment of the different hormone excess-states. 

Recently, a number of guidelines became available covering antitumor treatment in patients 

with advanced, metastatic disease due to pNETs[6●●,12,13,122●●,123,124], as well as a 

number of recent reviews that cover all aspects of these treatments. These include reviews of 

use of cytoreductive surgery[6●●,122●●,125–127], chemotherapy[6,10,122●●,128,129], 

liver-directed therapies(embolization, chemoembolization, radioembolization, radio-

frequency ablation)[6●●,122●●,125–127,130,131●], biotherapies(somatostatin 

analogues/interferon)[6●●,125,132●,133], liver transplantation[6●●,125,134], targeted-

molecular therapies(mTOR(everolimus)/tyrosine-kinase receptors(sunitinib)[6●●,

10,125,135●●,136●●,137], and peptide-radioreceptor-therapy(PRRT) using radiolabeled-

somatostatin-analogues[6●●,138●]. Because this area is well covered in recent reviews 

and the findings/approaches are not specific for ZES, but used for all pNETs, this area will 

be only be briefly discussed.

Cytoreductive surgery is recommended for the <15% of ZES patients in which at least 90% 

of visible metastatic tumor is considered resectable[6●●,122●●,125, 126], however only 

5–15% of patients with metastatic ZES fall into this category. It has been used in small 

numbers of patients with gastrinomas[14,139]. Whether this approach prolongs survival, 

however, is not known because no controlled-studies exist. A recent study [140] in patients 

with ZES/pNETs demonstrates that many patients with advanced disease with vascular 

abutment/invasion on preoperative imaging studies may benefit from surgery, because in 
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contrast to those with adenocarcinoma, the pNETs can still be resected, with vascular 

reconstruction needed only in a small subset.

Chemotherapy(streptozotocin in combination with 5-fluorouracil and/or doxorubicin) 

remains an important treatment in patients with metastatic gastrinomas [14,129,141]. It 

produces a response rate of 20–45%, but no long-term cures, and the drugs have 

considerable side-effects, especially nephrotoxicity. Recently, in 30 patients with different 

metastatic pNETs, the combination of temozolomide/capecitabine had a partial response rate 

of 70%, with a median progression-free survival of 92%[142]. Whether this high response 

rate will be corroborated by other studies and also seen in patients with metastatic 

gastrinomas is unclear at present.

Liver-directed therapies(embolization, chemoembolization, radioembolization, radio-

frequency-ablation) are used in patients with hepatic predominant disease, but are used less 

frequently in ZES than in other metastatic pNETs, because in ZES, the hormone excess-state 

can be well-controlled medically, whereas in other functional pNETs, refractory states to 

drugs may develop, necessitating this approach[6●●,122,130]. In various studies 50–100% 

of patients with metastatic pNETs have a symptomatic response,25–86% an objective tumor-

response, and the mean duration of response is 6–45 mos[6●●,122,130]. 

Radioembolization with 90Yttrium-microspheres is a relatively new treatment with an 

objective response-rate of 55%(12 studies) with stable disease in 32%[6●●,122,127,130]. 

Radiofrequency-ablation can be used alone or at the time of surgical exploration and 

involves the use of thermal energy to ablate local metastatic deposits[6●●,127,130,131]. 

The response rates are 80–95%, lasting up to 3 years[6●●,126,130]. Whether any of these 

liver-directed therapies prolong life or whether one is better than the other is now known, 

which is the preferred one or when exactly should they be used, has not been addressed in 

any prospective study.

Biotherapy with somatostatin analogues and/or interferon for their antiproliferative effects in 

patients with advanced metastatic gastrinomas has been used[143,144], as is the case with 

other advanced pNETs[6●●,112,122●●]. These agents have primarily a tumoristatic effect 

causing tumor stabilization in 40–80%, and a decrease in tumor size in regression following 

chemotherapy, and should be considered first-line in only selected cases. In contrast, in the 

US NCCN guidelines recommend the use of everolimus/sunitinib as a possible first-line 

treatment for unresectable well-differentiated pNETs[6●●,150].

Peptide-radioreceptor-therapy(PRRT) using radiolabeled-somatostatin analogues is based on 

the finding that most pNETs(60–100%) overexpress somatostatin receptors, and this allows 

targeting of cytotoxic-radiolabeled compounds[6●●,138●,151]. Either of two different 

radiolabels has generally been used: 90Yttrium-labeled- or 177Lutetium-labeled-somatostatin 

analogues, coupled by various linkers. With 177Lu-labeled-octreotate in 510 patients with 

various malignant NETs(40%-pNETs)[6●●,138●,151,152] complete-tumor regression was 

seen in 2%, partial-regression in 28%, minor-regression in 16%, stabilization in 35%. In 310 

patients followed[152], the median duration of objective-responses was 46 mos and median 

disease-related-survival was not reached(>48 mos). PRRT using either 90Yttrium-labeled- 

or 177Lutetium-labeled-somatostatin analogues has been used in a number of patients with 
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ZES with advanced tumors, with partial tumor-response occurring >40% and in fact, the 

response rate is one of the highest of all patients treated with metastatic NETs, however the 

recurrence-rate is also high [152,153]. Severe side-effects are uncommon with 

hematological toxicity in 15% with 0.8% developing a myelodysplastic disorder, liver 

toxicity occurring in 0.6%, and renal toxicity is uncommon with 177Lu-analogues, and more 

frequent with 90Y-analogs[6●●,138●,151,152]. This treatment is not approved for routine 

use in the US or Europe, however this approach appears promising and is now undergoing, 

in both the US and Europe, a double-blind, prospective study in patients with advanced GI-

ileal carcinoids, to prospectively evaluate its efficacy/toxicity.

CONCLUSIONS

There have been recently numerous advances in the management/treatment/understanding of 

ZES as well as a number of areas of controversy, each of which are reviewed here.

Acknowledgments

This research was supported in part by funding from the intramural research program of the NIDDK, NIH.

References

1●. Ito T, Igarashi H, Jensen RT. Pancreatic neuroendocrine tumors: clinical features, diagnosis and 
medical treatment: Advances. Best Pract Res Clin Gastroenterol. 2012; 26:737–753. Recent 
review covering all aspects of clinical features, diagnosis of ZES and other pNETs. [PubMed: 
23582916] 

2. Fendrich V, Bartsch DK. Surgical treatment of gastrointestinal neuroendocrine tumors. Langenbecks 
Arch Surg. 2011; 396:299–311. [PubMed: 21279821] 

3●. Knigge U, Hansen CP. Surgery for GEP-NETs. Best Pract Res Clin Gastroenterol. 2012; 26:819–
831. Recent review covering all aspects of surgery of ZES and other pNETs. [PubMed: 
23582921] 

4. Leung D, Schwartz L. Imaging of neuroendocrine tumors. Semin Oncol. 2013; 40:109–119. 
[PubMed: 23391118] 

5●. Sundin A. Radiological and nuclear medicine imaging of gastroenteropancreatic neuroendocrine 
tumours. Best Pract Res Clin Gastroenterol. 2012; 26:803–818. Recent review covering all 
aspects of radiology of ZES and other pNETs. [PubMed: 23582920] 

6●●. Ito T, Igarashi H, Jensen RT. Therapy of metastatic pancreatic neuroendocrine tumors (pNETs): 
recent insights and advances. J Gastroenterol. 2012; 47:941–960. Recent comprehensive review 
of treatment of advanced ZES and other pNETs. [PubMed: 22886480] 

7. Kulke MH, Benson AB III, Bergsland E, et al. Neuroendocrine tumors. J Natl Compr Canc Netw. 
2012; 10:724–764. [PubMed: 22679117] 

8. Oberg K. Neuroendocrine tumors of the digestive tract: impact of new classifications and new 
agents on therapeutic approaches. Curr Opin Oncol. 2012; 24:433–440. [PubMed: 22510940] 

9. Ito T, Igarashi H, Uehara H, et al. Causes of Death and Prognostic Factors in Multiple Endocrine 
Neoplasia Type 1: A Prospective Study: Comparison of 106 MEN1/Zollinger-Ellison Syndrome 
Patients With 1613 Literature MEN1 Patients With or Without Pancreatic Endocrine Tumors. 
Medicine (Baltimore). 2013; 92:135–181. [PubMed: 23645327] 

10. Kulke MH. Systemic therapy for advanced pancreatic neuroendocrine tumors. Semin Oncol. 2013; 
40:75–83. [PubMed: 23391115] 

11. de Herder WWE. Gastroenteropancreatic neuroendocrine tumors (GEP-NETs). Best Pract Res Clin 
Gastroenterol. 2012; 26:689–882. [PubMed: 23582912] 

Ito et al. Page 11

Curr Opin Gastroenterol. Author manuscript; available in PMC 2017 August 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



12. Kulke MH, Anthony LB, Bushnell DL, et al. NANETS Treatment Guidelines: Well-Differentiated 
Neuroendocrine Tumors of the Stomach and Pancreas. Pancreas. 2010; 39:735–752. [PubMed: 
20664472] 

13●●. Jensen RT, Cadiot G, Brandi ML, et al. ENETS Consensus Guidelines for the Management of 
Patients with Digestive Neuroendocrine Neoplasms: Functional Pancreatic Endocrine Tumor 
Syndromes. Neuroendocrinology. 2012; 95:98–119. Recent European guidelines for management 
of ZES and other pNETs. [PubMed: 22261919] 

14. Jensen RT, Niederle B, Mitry E, et al. Gastrinoma (duodenal and pancreatic). Neuroendocrinology. 
2006; 84:173–182. [PubMed: 17312377] 

15. Metz DC, Jensen RT. Gastrointestinal neuroendocrine tumors:; Pancreatic endocrine tumors. 
Gastroenterology. 2008; 135:1469–1492. [PubMed: 18703061] 

16. Roy PK, Venzon DJ, Shojamanesh H, et al. Zollinger-Ellison syndrome: clinical presentation in 
261 patients. Medicine (Baltimore). 2000; 79:379–411. [PubMed: 11144036] 

17. Ellison EC, Johnson JA. The Zollinger-Ellison syndrome: a comprehensive review of historical, 
scientific, and clinical considerations. Curr Probl Surg. 2009; 46:13–106. [PubMed: 19059523] 

18. Ellison EH, Wilson SD. The Zollinger-Ellison syndrome: Re-appraisal and evaluation of 260 
registered cases. Ann Surg. 1964; 160:512–530. [PubMed: 14206854] 

19●. Ito T, Igarashi H, Uehara H, et al. Pharmacotherapy of Zollinger-Ellison syndrome. Expert Opin 
Pharmacotherapy. 2013; 14:307–321. Recent review covering all aspects of medical treatment of 
ZES. 

20. Wilcox CM, Seay T, Arcury JT, et al. Zollinger-Ellison syndrome: presentation, response to 
therapy, and outcome. Dig Liver Dis. 2011; 43:439–443. [PubMed: 21193359] 

21. Lu YY, Zhu F, Jing DD, et al. Multiple endocrine neoplasia type 1 with upper gastrointestinal 
hemorrhage and perforation: a case report and review. World J Gastroenterol. 2013; 19:1322–1326. 
[PubMed: 23482249] 

22. Sarkeshikian SS, Ghadir MR. A 41-Year-Old Man with Two Types of Metachronous Peptic Ulcer 
Complication due to Zollinger-Ellison Syndrome-Regression of Pancreatic Primary after 
Chemoembolization of Hepatic Metastases: A Case Report. Case Report Med. 2011; 2011:156937.

23. Thrumurthy SG, Date RS, Mughal MM, et al. The surgical management of pancreaticoduodenal 
tumours in multiple endocrine neoplasia type 1. BMJ Case Rep. 2009; 2009

24●. Simmons LH, Guimaraes AR, Zukerberg LR. Case records of the Massachusetts General 
Hospital. Case 6-2013. A 54-year-old man with recurrent diarrhea. N Engl J Med. 2013; 
368:757–765. Excellent clinical case presentation and discussion of diagnosis of a patient with 
ZES. [PubMed: 23425169] 

25. Gibril F, Schumann M, Pace A, et al. Multiple endocrine neoplasia type 1 and Zollinger-Ellison 
syndrome. A prospective study of 107 cases and comparison with 1009 patients from the literature. 
Medicine (Baltimore). 2004; 83:43–83. [PubMed: 14747767] 

26. Benya RV, Metz DC, Venzon DJ, et al. Zollinger-Ellison syndrome can be the initial endocrine 
manifestation in patients with multiple endocrine neoplasia-type 1. Am J Med. 1994; 97:436–444. 
[PubMed: 7977432] 

27. Jensen RT, Berna MJ, Bingham MD, et al. Inherited pancreatic endocrine tumor syndromes: 
advances in molecular pathogenesis, diagnosis, management and controversies. Cancer. 2008; 
113(7 suppl):1807–1843. [PubMed: 18798544] 

28. Davi MV, Boninsegna L, Dalle Carbonare L, et al. Presentation and outcome of 
pancreaticoduodenal endocrine tumors in multiple endocrine neoplasia type 1 syndrome. 
Neuroendocrinology. 2011; 94:58–65. [PubMed: 21464564] 

29. Norton JA, Venzon DJ, Berna MJ, et al. Prospective study of surgery for primary 
hyperaparathyroidism (HPT) in Multiple Endocrine Neoplasia type 1 (MEN1), and Zollinger-
Ellison syndrome (ZES): longterm outcome of a more virulent form of HPT. Ann Surgery. 2008; 
247:501–510.

30. Jensen RT. Management of the Zollinger-Ellison syndrome in patients with multiple endocrine 
neoplasia type 1. J Intern Med. 1998; 243:477–488. [PubMed: 9681846] 

31. Maton PN, Gardner JD, Jensen RT. Cushing’s syndrome in patients with Zollinger-Ellison 
syndrome. N Engl J Med. 1986; 315:1–5. [PubMed: 2872593] 

Ito et al. Page 12

Curr Opin Gastroenterol. Author manuscript; available in PMC 2017 August 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



32. Yu F, Venzon DJ, Serrano J, et al. Prospective study of the clinical course, prognostic factors and 
survival in patients with longstanding Zollinger-Ellison syndrome. J Clin Oncol. 1999; 17:615–
630. [PubMed: 10080607] 

33. Said R, O’Reilly EM, Blumgart L, et al. Pancreatic islet cell carcinoma presenting with concurrent 
Cushing’s and Zollinger-Ellison syndromes: case series and literature review. Eur J Gastroenterol 
Hepatol. 2010; 22:246–252. [PubMed: 19770666] 

34. Sreevathsa MR, Choudhury A. Long-term survival in a patient with carcinoid syndrome receiving 
treatment for Zollinger-Ellison syndrome. Int Surg. 2009; 94:20–22. [PubMed: 20099420] 

35. Rustagi T, Siegel RD. Zollinger-ellison syndrome with subsequent association of insulinoma. JOP. 
2010; 11:486–488. [PubMed: 20818125] 

36. Morita Y, Suzuki S, Sakaguchi T, et al. Pancreatic neuroendocrine cell tumor secreting parathyroid 
hormone-related protein and gastrin: Report of a case. Surg Today. 2010; 40:1192–1196. 
[PubMed: 21110169] 

37. Zollinger RM, Ellison EH. Primary peptic ulcerations of the jejunum associated with islet cell 
tumors of the pancreas. Ann Surg. 1955; 142:709–728. [PubMed: 13259432] 

38. Norton JA, Alexander HR, Fraker DL, et al. Does the use of routine duodenotomy (DUODX) 
affect rate of cure, development of liver metastases or survival in patients with Zollinger-Ellison 
syndrome (ZES)? Ann Surg. 2004; 239:617–626. [PubMed: 15082965] 

39. Kloppel G, Anlauf M. Gastrinoma - morphological aspects. Wien Klin Wochenschr. 2007; 
119:579–584. [PubMed: 17985091] 

40. MacFarlane MP, Fraker DL, Alexander HR, et al. A prospective study of surgical resection of 
duodenal and pancreatic gastrinomas in multiple endocrine neoplasia-Type 1. Surgery. 1995; 
118:973–980. [PubMed: 7491542] 

41. Gibril F, Jensen RT. Advances in evaluation and management of gastrinoma in patients with 
Zollinger-Ellison syndrome. Curr Gastroenterol Rep. 2005; 7:114–121. [PubMed: 15802099] 

42. Thom AK, Norton JA, Axiotis CA, et al. Location, incidence and malignant potential of duodenal 
gastrinomas. Surgery. 1991; 110:1086–1093. [PubMed: 1745977] 

43. Alexander HR, Fraker DL, Norton JA, et al. Prospective study of somatostatin receptor 
scintigraphy and its effect on operative outcome in patients with Zollinger-Ellison syndrome. Ann 
Surg. 1998; 228:228–238. [PubMed: 9712569] 

44. Evans JT, Nickles S, Hoffman BJ. Primary Hepatic Gastrinoma: AnUnusual Case of Zollinger-
Ellison syndrome. Gastroenterol Hepatol. 2010; 6:53–56.

45. Lu X, Aoun E, Morrissey S. Primary hepatic gastrinoma presenting as vague gastrointestinal 
symptoms. BMJ Case Rep. 2012; 2012

46●. Naoe H, Iwasaki H, Kawasaki T, et al. Primary hepatic gastrinoma as an unusual manifestation 
of Zollinger-Ellison syndrome. Case Rep Gastroenterol. 2012; 6:590–595. Example of a number 
of reports of hepatic gastrinomas with ZES. [PubMed: 23271988] 

47. Tarcin O, Yazici D, Ince U, et al. Bulky gastrinoma of the common bile duct: unusual localization 
of extrapancreatic gastrinoma–case report. Turk J Gastroenterol. 2011; 22:219–223. [PubMed: 
21796565] 

48. Ito T, Jensen RT. Primary hepatic gastrinoma: an unusual case of zollinger-ellison syndrome. 
Gastroenterol Hepatol (N Y). 2010; 6:57–59. [PubMed: 20567543] 

49. Jaenigen B, Kayser G, Steinke B, et al. Five-Year Long-Term Followup of a Primary Lymph node 
Gastrinoma: Is a Pancreaticoduodenectomy Justified? Case Rep Med. 2009; 2009:762791. 
[PubMed: 19724657] 

50. Weber HC, Venzon DJ, Lin JT, et al. Determinants of metastatic rate and survival in patients with 
Zollinger-Ellison syndrome: a prospective long-term study. Gastroenterology. 1995; 108:1637–
1649. [PubMed: 7768367] 

51●●. Klimstra DS. Pathology reporting of neuroendocrine tumors: essential elements for accurate 
diagnosis, classification, and staging. Semin Oncol. 2013; 40:23–36. Recent review covering all 
aspects of new pathological classifications of gastrinoma/pNETs. [PubMed: 23391110] 

52. Kloppel G. Classification and pathology of gastroenteropancreatic neuroendocrine neoplasms. 
Endocr Relat Cancer. 2011; 18(Suppl 1):S1–S16. [PubMed: 22005112] 

Ito et al. Page 13

Curr Opin Gastroenterol. Author manuscript; available in PMC 2017 August 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



53. Rindi G, Falconi M, Klersy C, et al. TNM Staging of Neoplasms of the Endocrine Pancreas: 
Results From a Large International Cohort Study. J Natl Cancer Inst. 2012; 104:764–777. 
[PubMed: 22525418] 

54●. Oberg K. The genetics of neuroendocrine tumors. Semin Oncol. 2013; 40:37–44. Recent review 
covering advances in molecular understanding of gastrinomas/pNETs/NETs. [PubMed: 
23391111] 

55●. Jiao Y, Shi C, Edil BH, et al. DAXX/ATRX, MEN1, and mTOR pathway genes are frequently 
altered in pancreatic neuroendocrine tumors. Science. 2011; 331:1199–1203. Important study 
reporting frequency of mutations in pNETs. [PubMed: 21252315] 

56. Duerr EM, Chung DC. Molecular genetics of neuroendocrine tumors. Best Pract Res Clin 
Endocrinol Metab. 2007; 21:1–14. [PubMed: 17382262] 

57. Hu W, Feng Z, Modica I, et al. Gene Amplifications in Well-Differentiated Pancreatic 
Neuroendocrine Tumors Inactivate the p53 Pathway. Genes Cancer. 2010; 1:360–368. [PubMed: 
20871795] 

58. Tang LH, Contractor T, Clausen R, et al. Attenuation of the retinoblastoma pathway in pancreatic 
neuroendocrine tumors due to increased cdk4/cdk6. Clin Cancer Res. 2012; 18:4612–4620. 
[PubMed: 22761470] 

59. Kloppel G, Anlauf M, Perren A. Endocrine precursor lesions of gastroenteropancreatic 
neuroendocrine tumors. Endocr Pathol. 2007; 18:150–155. [PubMed: 18058264] 

60. Vortmeyer AO, Huang S, Lubensky I, et al. Non-islet origin of pancreatic islet cell tumors. J Clin 
Endocrinol Metab. 2004; 89:1934–1938. [PubMed: 15070966] 

61. Anlauf M, Perren A, Henopp T, et al. Allelic deletion of the MEN1 gene in duodenal gastrin and 
somatostatin cell neoplasms and their precursor lesions. Gut. 2007; 56:637–644. [PubMed: 
17135306] 

62●●. Ito T, Cadiot G, Jensen RT. Diagnosis of Zollinger-Ellison syndrome: Increasingly difficult. 
World J Gastroenterol. 2012; 18:5495–5503. Recent review covering controversies in diagnosis 
of ZES. [PubMed: 23112541] 

63●●. Metz DC. Diagnosis of the Zollinger-Ellison syndrome. Clin Gastroenterol Hepatol. 2012; 
10:126–130. Recent editorial covering controversies in diagnosis of ZES. [PubMed: 21806955] 

64●●. Poitras P, Gingras MH, Rehfeld JF. The Zollinger-Ellison syndrome: dangers and 
consequences of interrupting antisecretory treatment. Clin Gastroenterol Hepatol. 2012; 10:199–
202. Recent study calls attention to dangers of stopping PPIs to diagnose ZES. [PubMed: 
21871248] 

65. Dhillo WS, Jayasena CN, Lewis CJ, et al. Plasma gastrin measurement cannot be used to diagnose 
a gastrinoma in patients on either proton pump inhibitors or histamine type-2 receptor antagonists. 
Ann Clin Biochem. 2006; 43:153–155. [PubMed: 16536918] 

66. Murugesan SV, Varro A, Pritchard DM. Review article: Strategies to determine whether 
hypergastrinaemia is due to Zollinger Ellison syndrome rather than a more common benign cause. 
Aliment Pharmacol Ther. 2009; 29:1055–1068. [PubMed: 19226290] 

67. Corleto VD, Annibale B, Gibril F, et al. Does the widespread use of proton pump inhibitors mask, 
complicate and/or delay the diagnosis of Zollinger-Ellison syndrome? Aliment Pharmacol Ther. 
2001; 15:1555–1561. [PubMed: 11563994] 

68. Wong H, Yau T, Chan P, et al. PPI-delayed diagnosis of gastrinoma: oncologic victim of 
pharmacologic success. Pathol Oncol Res. 2010; 16:87–91. [PubMed: 19693706] 

69. Osefo N, Ito T, Jensen RT. Gastric Acid hypersecretory States: recent insights and advances. Curr 
Gastroenterol Rep. 2009; 11:433–441. [PubMed: 19903418] 

70●●. Rehfeld JF, Gingras MH, Bardram L, et al. The Zollinger-Ellison Syndrome and 
Mismeasurement of Gastrin. Gastroenterology. 2011; 140:1444–1453. Recent study shows the 
unreliability of many gastrin assays. [PubMed: 21315717] 

71. Berna MJ, Hoffmann KM, Serrano J, et al. Serum gastrin in Zollinger-Ellison syndrome: I. 
Prospective study of fasting serum gastrin in 309 patients from the National Institutes of Health 
and comparison with 2229 cases from the literature. Medicine (Baltimore). 2006; 85:295–330. 
[PubMed: 17108778] 

Ito et al. Page 14

Curr Opin Gastroenterol. Author manuscript; available in PMC 2017 August 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



72. Fishbeyn VA, Norton JA, Benya RV, et al. Assessment and prediction of long-term cure in patients 
with Zollinger-Ellison syndrome: the best approach. Ann Intern Med. 1993; 119:199–206. 
[PubMed: 8323088] 

73. Shibata C, Kakyo M, Kinouchi M, et al. Criteria for the glucagon provocative test in the diagnosis 
of gastrinoma. Surg Today. 2012

74. Berna MJ, Hoffmann KM, Long SH, et al. Serum gastrin in Zollinger-Ellison syndrome: II. 
Prospective study of gastrin provocative testing in 293 patients from the National Institutes of 
Health and comparison with 537 cases from the literature. evaluation of diagnostic criteria, 
proposal of new criteria, and correlations with clinical and tumoral features. Medicine (Baltimore). 
2006; 85:331–364. [PubMed: 17108779] 

75. Schubert ML, Peura DA. Control of gastric acid secretion in health and disease. Gastroenterology. 
2008; 134:1842–1860. [PubMed: 18474247] 

76. Roy PK, Venzon DJ, Feigenbaum KM, et al. Gastric secretion in Zollinger-Ellison syndrome: 
correlation with clinical expression, tumor extent and role in diagnosis - A prospective NIH study 
of 235 patients and review of the literature in 984 cases. Medicine (Baltimore). 2001; 80:189–222. 
[PubMed: 11388095] 

77. Goldman JA, Blanton WP, Hay DW, et al. Case Report: False-Positive Secretin Stimulation Test for 
Gastrinoma Associated with the Use of Proton Pump Inhibitor Therapy. Clin Gastroenterol 
Hepatol. 2009; 7:600–602. [PubMed: 19245850] 

78. Metz DC, Forsmark C, Lew EA, et al. Replacement of oral proton pump inhibitors with 
intravenous pantoprazole to effectively control gastric acid hypersecretion in patients with 
Zollinger-Ellison syndrome. Am J Gastroenterol. 2001; 96:3274–3280. [PubMed: 11774936] 

79. Stewart CA, Termanini B, Sutliff VE, et al. Management of Zollinger-Ellison syndrome in 
pregnancy. Am J Obstet Gynecol. 1997; 176:224–233. [PubMed: 9024119] 

80. Matok I, Gorodischer R, Koren G, et al. The safety of H(2)-blockers use during pregnancy. J Clin 
Pharmacol. 2010; 50:81–87. [PubMed: 19789371] 

81. Matok I, Levy A, Wiznitzer A, et al. The safety of fetal exposure to proton-pump inhibitors during 
pregnancy. Dig Dis Sci. 2012; 57:699–705. [PubMed: 22038541] 

82. Jensen RT. Consequences of long-term proton pump blockade: Highlighting insights from studies 
of patients with gastrinomas. Basic Clin Pharmacol Toxicol. 2006; 98:4–19. [PubMed: 16433886] 

83. Ito T, Jensen RT. Association of long-term proton pump inhibitor therapy with bone fractures and 
effects on absorption of calcium, vitamin b(12), iron, and magnesium. Curr Gastroenterol Rep. 
2010; 12:448–457. [PubMed: 20882439] 

84. Yang YX, Metz DC. Safety of proton pump inhibitor exposure. Gastroenterology. 2010; 139:1115–
1127. [PubMed: 20727892] 

85. Termanini B, Gibril F, Sutliff VE III, et al. Effect of long-term gastric acid suppressive therapy on 
serum vitamin B12 levels in patients with Zollinger-Ellison syndrome. Am J Med. 1998; 104:422–
430. [PubMed: 9626024] 

86. Yang YX, Lewis JD, Epstein S, et al. Long-term proton pump inhibitor therapy and risk of hip 
fracture. JAMA. 2006; 296:2947–2953. [PubMed: 17190895] 

87. Capurso G, Marignani M, Attilia F, et al. Lansoprazole-induced microscopic colitis: an increasing 
problem? Results of a prospecive case-series and systematic review of the literature. Dig Liver Dis. 
2011; 43:380–385. [PubMed: 21195042] 

88. Peghini PL, Annibale B, Azzoni C, et al. Effect of chronic hypergastrinemia on human 
enterochromaffin-like cells: insights from patients with sporadic gastrinomas. Gastroenterology. 
2002; 123:68–85. [PubMed: 12105835] 

89. Berna MJ, Annibale B, Marignani M, et al. A prospective study of gastric carcinoids and 
enterochromaffin-like cells changes in Multple Endocrine Neoplaisa Type 1 and Zollinger-Ellison 
syndrome: Identification of risk factors. J Clin Endocrinol Metab. 2008; 93:1582–1591. [PubMed: 
18270260] 

90. O’Toole D, Delle Fave G, Jensen RT. Gastric and duodenal neuroendocrine tumours. Best Pract 
Res Clin Gastroenterol. 2012; 26:719–735. [PubMed: 23582915] 

Ito et al. Page 15

Curr Opin Gastroenterol. Author manuscript; available in PMC 2017 August 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



91. Maton PN, Lack EE, Collen MJ, et al. The effect of Zollinger-Ellison syndrome and omeprazole 
therapy on gastric oxyntic endocrine cells. Gastroenterology. 1990; 99:943–950. [PubMed: 
1697548] 

92. Klose KJ, Heverhagen JT. Localisation and staging of gastrin producing tumours using cross-
sectional imaging modalities. Wien Klin Wochenschr. 2007; 119:588–592. [PubMed: 17985093] 

93. Cherner JA, Doppman JL, Norton JA, et al. Selective venous sampling for gastrin to localize 
gastrinomas. A prospective study. Ann Intern Med. 1986; 105:841–847. [PubMed: 3535602] 

94. Krudy AG, Doppman JL, Jensen RT, et al. Localization of islet cell tumors by dynamic CT: 
Comparison with plain CT, arteriography, sonography and venous sampling. Am J Roentgenol. 
1984; 143:585–589. [PubMed: 6087646] 

95. Doppman JL, Miller DL, Chang R, et al. Gastrinomas: localization by means of selective 
intraarterial injection of secretin. Radiology. 1990; 174:25–29. [PubMed: 2294556] 

96. Frucht H, Norton JA, London JF, et al. Detection of duodenal gastrinomas by operative endoscopic 
transillumination: a prospective study. Gastroenterology. 1990; 99:1622–1627. [PubMed: 
2227278] 

97. Morrow EH, Norton JA. Surgical management of Zollinger-Ellison syndrome; state of the art. Surg 
Clin North Am. 2009; 89:1091–1103. [PubMed: 19836486] 

98. Frucht H, Doppman JL, Norton JA, et al. Gastrinomas: Comparison of MR Imaging with CT, 
angiography and US. Radiology. 1989; 171:713–717. [PubMed: 2655004] 

99. Gibril F, Jensen RT. Diagnostic uses of radiolabelled somatostatin-receptor analogues in 
gastroenteropancreatic endocrine tumors. Dig Liver Dis. 2004; 36:S106–S120. [PubMed: 
15077919] 

100. Termanini B, Gibril F, Reynolds JC, et al. Value of somatostatin receptor scintigraphy: A 
prospective study in gastrinoma of its effect on clinical management. Gastroenterology. 1997; 
112:335–347. [PubMed: 9024287] 

101. Srirajaskanthan R, Kayani I, Quigley AM, et al. The role of 68Ga-DOTATATE PET in patients 
with neuroendocrine tumors and negative or equivocal findings on 111In-DTPA-octreotide 
scintigraphy. J Nucl Med. 2010; 51:875–882. [PubMed: 20484441] 

102●. Naswa N, Sharma P, Soundararajan R, et al. Diagnostic performance of somatostatin receptor 
PET/CT using (68)Ga-DOTANOC in gastrinoma patients with negative or equivocal CT findings. 
Abdom Imaging. 2012 Study highlighting the enhanced sensitivity of PET imaging with 68Ga-
Octreotide in ZES. 

103. Gibril F, Reynolds JC, Doppman JL, et al. Somatostatin receptor scintigraphy: its sensitivity 
compared with that of other imaging methods in detecting primary and metastatic gastrinomas: a 
prospective study. Ann Intern Med. 1996; 125:26–34. [PubMed: 8644985] 

104. Norton JA, Jensen RT. Resolved and unresolved controversies in the surgical management of 
patients with Zollinger-Ellison syndrome. Ann Surg. 2004; 240:757–773. [PubMed: 15492556] 

105. Norton JA, Fraker DL, Alexander HR, et al. Surgery to cure the Zollinger-Ellison syndrome. N 
Engl J Med. 1999; 341:635–644. [PubMed: 10460814] 

106. Fraker DL, Norton JA, Alexander HR, et al. Surgery in Zollinger-Ellison syndrome alters the 
natural history of gastrinoma. Ann Surg. 1994; 220:320–330. [PubMed: 7916560] 

107. Norton JA, Fraker DL, Alexander HR, et al. Surgery increases survival in patients with 
gastrinoma. Ann Surg. 2006; 244:410–419. [PubMed: 16926567] 

108●●Study. Norton JA, Fraker DL, Alexander HR, et al. Value of surgery in patients with negative 
imaging and sporadic zollinger-ellison syndrome. Ann Surg. 2012; 256:509–517. demonstrating 
value of surgery in patients with ZES with negative imaging. [PubMed: 22868363] 

109. Norton JA, Alexander HA, Fraker DL, et al. Possible primary lymph node gastrinomas: 
occurrence, natural history and predictive factors: A prospective study. Ann Surg. 2003; 
237:650–659. [PubMed: 12724631] 

110. Nazir Z. Long-term follow-up of a child with primary lymph node gastrinoma and Zollinger-
Ellison syndrome. J Pediatr Surg. 2011; 46:969–972. [PubMed: 21616263] 

111. Anlauf M, Enosawa T, Henopp T, et al. Primary lymph node gastrinoma or occult duodenal 
microgastrinoma with lymph node metastases in a MEN1 patient: the need for a systematic 
search for the primary tumor. Am J Surg Pathol. 2008; 32:1101–1105. [PubMed: 18520436] 

Ito et al. Page 16

Curr Opin Gastroenterol. Author manuscript; available in PMC 2017 August 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



112●. Krampitz GW, Norton JA, Poultsides GA, et al. Lymph nodes and survival in duodenal and 
pancreatic neuroendocrine tumors. Arch Surg. 2012; 147:820–827. Study demonstrating 
importance of lymph node assessment at surgery in ZES patients. [PubMed: 22987171] 

113●. Bartsch DK, Waldmann J, Fendrich V, et al. Impact of lymphadenectomy on survival after 
surgery for sporadic gastrinoma. Br J Surg. 2012; 99:1234–1240. Study demonstrating 
importance of lymph node assessment at surgery in ZES patients. [PubMed: 22864882] 

114. Tsutsumi K, Ohtsuka T, Mori Y, et al. Analysis of lymph node metastasis in pancreatic 
neuroendocrine tumors (PNETs) based on the tumor size and hormonal production. J 
Gastroenterol. 2012; 47:678–685. [PubMed: 22350698] 

115. Giovinazzo F, Butturini G, Monsellato D, et al. Lymph nodes metastasis and recurrences justify 
an aggressive treatment of gastrinoma. Updates Surg. 2013; 65:19–24. [PubMed: 23417896] 

116. Fernandez-Cruz L, Blanco L, Cosa R, et al. Is laparoscopic resection adequate in patients with 
neuroendocrine pancreatic tumors? World J Surg. 2008; 32:904–917. [PubMed: 18264824] 

117. Haugvik SP, Marangos IP, Rosok BI, et al. Long-term outcome of laparoscopic surgery for 
pancreatic neuroendocrine tumors. World J Surg. 2013; 37:582–590. [PubMed: 23263686] 

118. Atalar K, Warren OJ, Jacyna M, et al. Laparoscopic resection for primary lymph node gastrinoma. 
Pancreas. 2013; 42:723–725. [PubMed: 23591435] 

119. Norton JA, Alexander HR, Fraker DL, et al. Comparison of surgical results in patients with 
advanced and limited disease with multiple endocrine neoplasia type 1 and Zollinger-Ellison 
syndrome. Ann Surg. 2001; 234:495–506. [PubMed: 11573043] 

120. Imamura M, Komoto I, Ota S, et al. Biochemically curative surgery for gastrinoma in multiple 
endocrine neoplasia type 1 patients. World J Gastroenterol. 2011; 17:1343–1353. [PubMed: 
21455335] 

121. Lopez CL, Falconi M, Waldmann J, et al. Partial pancreaticoduodenectomy can provide cure for 
duodenal gastrinoma associated with multiple endocrine neoplasia type 1. Ann Surg. 2013; 
257:308–314. [PubMed: 22580937] 

122●●. Pavel M, Baudin E, Couvelard A, et al. ENETS Consensus Guidelines for the Management of 
Patients with Liver and Other Distant Metastases from Neuroendocrine Neoplasms of Foregut, 
Midgut, Hindgut, and Unknown Primary. Neuroendocrinology. 2012; 95:157–176. Recent 
European guidelines for treatment of advanced disease in patients with ZES/pNETs. [PubMed: 
22262022] 

123. Kunz PL, Reidy-Lagunes D, Anthony LB, et al. Consensus Guidelines for the Management and 
Treatment of Neuroendocrine Tumors. Pancreas. 2013; 42:557–577. [PubMed: 23591432] 

124. Steinmuller T, Kianmanesh R, Falconi M, et al. Consensus guidelines for the management of 
patients with liver metastases from digestive (neuro)endocrine tumors: foregut, midgut, hindgut, 
and unknown primary. Neuroendocrinology. 2008; 87:47–62. [PubMed: 18097131] 

125. Harring TR, Nguyen NT, Goss JA, et al. Treatment of liver metastases in patients with 
neuroendocrine tumors: a comprehensive review. Int J Hepatol. 2011; 2011:1–11.

126. Mayo SC, de Jong MC, Pulitano C, et al. Surgical Management of Hepatic Neuroendocrine 
Tumor Metastasis: Results from an International Multi-Institutional Analysis. Ann Surg Oncol. 
2011; 18:3657–3665. [PubMed: 21681380] 

127●. Mayo SC, Herman JM, Cosgrove D, et al. Emerging approaches in the management of patients 
with neuroendocrine liver metastasis: role of liver-directed and systemic therapies. J Am Coll 
Surg. 2013; 216:123–134. Review of liver-directed therapies of advanced disease in patients with 
ZES or other pNETs. [PubMed: 23063263] 

128. Costa FP, Gumz B, Pasche B. Selecting patients for cytotoxic therapies in gastroenteropancreatic 
neuroendocrine tumours. Best Pract Res Clin Gastroenterol. 2012; 26:843–854. [PubMed: 
23582923] 

129. Toumpanakis C, Meyer T, Caplin ME. Cytotoxic treatment including embolization/
chemoembolization for neuroendocrine tumours. Best Pract Res Clin Endocrinol Metab. 2007; 
21:131–144. [PubMed: 17382269] 

130. Vogl TJ, Naguib NN, Zangos S, et al. Liver metastases of neuroendocrine carcinomas: 
interventional treatment via transarterial embolization, chemoembolization and thermal ablation. 
Eur J Radiol. 2009; 72:517–528. [PubMed: 18829195] 

Ito et al. Page 17

Curr Opin Gastroenterol. Author manuscript; available in PMC 2017 August 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



131●. Memon K, Lewandowski RJ, Mulcahy MF, et al. Radioembolization for Neuroendocrine Liver 
Metastases: Safety, Imaging, and Long-term Outcomes. Int J Radiat Oncol Biol Phys. 2012; 
83:887–894. Review of radioembolization for advanced disease in patients with ZES or other 
pNETs. [PubMed: 22137020] 

132●. Oberg K. Biotherapies for GEP-NETs. Best Pract Res Clin Gastroenterol. 2012; 26:833–841. 
Review of biotherapies of advanced disease in patients with ZES or other pNETs. [PubMed: 
23582922] 

133. Strosberg J, Kvols L. Antiproliferative effect of somatostatin analogs in gastroenteropancreatic 
neuroendocrine tumors. World J Gastroenterol. 2010; 16:2963–2970. [PubMed: 20572298] 

134. Pascher A, Klupp J, Neuhaus P. Transplantation in the management of metastatic endocrine 
tumours. Best Pract Res Clin Gastroenterol. 2005; 19:637–648. [PubMed: 16183532] 

135●●. Yao JC, Shah MH, Ito T, et al. Everolimus for Advanced Pancreatic Neuroendocrine Tumors. 
N Engl J Med. 2011; 364:514–523. Placebo, controlled study showing value of Everolimus in 
advanced pNETs. [PubMed: 21306238] 

136●●. Raymond E, Dahan L, Raoul JL, et al. Sunitinib Malate for the Treatment of Pancreatic 
Neuroendocrine Tumors. N Engl J Med. 2011; 364:501–513. Placebo, controlled study showing 
value of Sunitinib in advanced pNETs. [PubMed: 21306237] 

137. Jensen RT, Delle Fave G. Promising advances in the treatment of malignant pancreatic endocrine 
tumors. N Engl J Med. 2011; 364:564–565. [PubMed: 21306243] 

138●. Bergsma H, van Vliet EI, Teunissen JJ, et al. Peptide receptor radionuclide therapy (PRRT) for 
GEP-NETs. Best Pract Res Clin Gastroenterol. 2012; 26:867–881. Review of results with PRRT 
with ZES or other pNETs leading to current prospective study. [PubMed: 23582925] 

139. Norton JA, Kirlen MA, Li M, et al. Morbidity and mortality of aggressive resections in patients 
with advanced neuroendocrine tumors. Arch Surg. 2003; 138:859–866. [PubMed: 12912744] 

140. Norton JA, Harris EJ, Chen Y, et al. Pancreatic endocrine tumors with major vascular abutment, 
involvement, or encasement and indication for resection. Arch Surg. 2011; 146:724–732. 
[PubMed: 21690450] 

141. von Schrenck T, Howard JM, Doppman JL, et al. Prospective study of chemotherapy in patients 
with metastatic gastrinoma. Gastroenterology. 1988; 94:1326–1334. [PubMed: 2966088] 

142. Strosberg JR, Fine RL, Choi J, et al. First-line chemotherapy with capecitabine and temozolomide 
in patients with metastatic pancreatic endocrine carcinomas. Cancer. 2011; 117:268–275. 
[PubMed: 20824724] 

143. Shojamanesh H, Gibril F, Louie A, et al. Prospective study of the anti-tumor efficacy of long-term 
octreotide treatment in patients with progressive metastatic gastrinomas. Cancer. 2002; 94:331–
343. [PubMed: 11900219] 

144. Pisegna JR, Slimak GG, Doppman JL, et al. An evaluation of human recombinant alpha interferon 
in patients with metastatic gastrinoma. Gastroenterology. 1993; 105:1179–1183. [PubMed: 
8405864] 

145. Blumberg J, Liyanage N, Caplin M. UK and Ireland NET Society/ENETs: The CLARINET 
study-Assessing the Effect of Lanreotide Autogel on Tumor Progression -Free Survival in 
patients with Non-Functioning Gastroenteropancreatic Neuroendocrine Tumors (GEP-NETs) 
[abstract]. NANETs Symposium abstracts 2011. 2012 Abstract #C4. 

146. Rinke A, Muller HH, Schade-Brittinger C, et al. Placebo-controlled, double-blind, prospective, 
randomized study on the effect of octreotide LAR in the control of tumor growth in patients with 
metastatic neuroendocrine midgut tumors: a report from the PROMID Study Group. J Clin 
Oncol. 2009; 27:4656–4663. [PubMed: 19704057] 

147. Le Treut YP, Gregoire E, Klempnauer J, et al. Liver Transplantation for Neuroendocrine Tumors 
in Europe-Results and Trends in Patient Selection: A 213-Case European Liver Transplant 
Registry Study. Ann Surg. 2013; 257:807–815. [PubMed: 23532105] 

148. Gedaly R, Daily MF, Davenport D, et al. Liver Transplantation for the Treatment of Liver 
Metastases From Neuroendocrine Tumors: An Analysis of the UNOS Database. Arch Surg. 
2011; 146:953–958. [PubMed: 21844436] 

Ito et al. Page 18

Curr Opin Gastroenterol. Author manuscript; available in PMC 2017 August 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



149. Kulke MH, Bendell J, Kvols L, et al. Evolving diagnostic and treatment strategies for pancreatic 
neuroendocrine tumors. J Hematol Oncol. 2011; 4:29–37. ● Review of recent advances in 
treatment of patients with metastatic ZES or other pNETs. [PubMed: 21672194] 

150. The NCCN Clinical Practice Guidelines in Oncology for Neuroendocrine tumors version 1.2012. 
2012. Version1.2012online. go to www.nccn.org. Ref Type: Computer Program

151. van Vliet EI, Teunissen JJ, Kam BL, et al. Treatment of Gastroenteropancreatic Neuroendocrine 
Tumors with Peptide Receptor Radionuclide Therapy. Neuroendocrinology. 2013; 97:74–85. 
[PubMed: 22237390] 

152. Kwekkeboom DJ, de Herder WW, Kam BL, et al. Treatment with the radiolabeled somatostatin 
analog [177 Lu-DOTA 0, Tyr3]octreotate: toxicity, efficacy, and survival. J Clin Oncol. 2008; 
26:2124–2130. [PubMed: 18445841] 

153. Grozinsky-Glasberg S, Barak D, Fraenkel M, et al. Peptide receptor radioligand therapy is an 
effective treatment for the long-term stabilization of malignant gastrinomas. Cancer. 2011; 
117:1377–1385. [PubMed: 21425137] 

Ito et al. Page 19

Curr Opin Gastroenterol. Author manuscript; available in PMC 2017 August 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Key Points

• There are new advances, as well as controversies, in the diagnosis and 

management of patients with Zollinger-Ellison syndrome (ZES).

• The widespread use of PPIs, which itself induces hypergastrinemia, is making 

the diagnosis of ZES more difficult to accomplish.

• Although the diagnosis of ZES requires the measurement of fasting serum 

gastrin, new data suggests that many current commercial gastrin assays are 

not reliable.

• The surgical treatment of patients with ZES and MEN1 remains controversial.

• Novel modalities to treat advanced ZES include cytoreductive surgery, liver-

directed therapies (embolization, chemoembolization, radioembolization), 

chemotherapy, biotherapy (somatostatin analogous, interferon), molecular-

directed therapies (everolimus, sunitinib), liver transplantation and peptide-

radioreceptor therapy, a number of which have recently been evaluated by 

prospective, phase 3 double-blind studies in patients with advanced 

neuroendocrine tumors .
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