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Abstract: Zollinger–Ellison syndrome (ZES) is a rare endocrine disorder caused 

by gastrin-secreting neuro endocrine tumors (gastrinomas) that result in 

excessive gastric acid production, leading to severe peptic ulcer disease, 

gastroesophageal reflux, chronic diarrhea, and malabsorption, which often delay 

diagnosis and complicate management. ZES occurs either sporadically or in 

association with multiple endocrine neoplasia type 1 (MEN1), further increasing 

diagnostic and therapeutic challenges due to overlapping clinical, biochemical, 

and pathological features. This literature review compiles and analyzes current 

evidence on the diagnostic criteria, patho morphological characteristics, 

biochemical markers, and treatment strategies for ZES, highlighting the roles of 

fasting serum gastrin levels, gastric acid secretion assessment, advanced imaging 

techniques, and histo pathological evaluation in achieving accurate diagnosis. 

Contemporary management approaches, including long-term proton pump 

inhibitor therapy, surgical intervention, and emerging targeted therapies, are 

discussed in relation to disease control and patient outcomes. This review 

uniquely integrates recent advances in diagnostic algorithms and molecular 

insights into gastrinoma biology with evolving therapeutic strategies, offering a 

concise yet comprehensive framework for early diagnosis and individualized 

management of ZES. By synthesizing updated multidisciplinary knowledge into 

a single narrative, this review aims to enhance clinical awareness, minimize 

diagnostic delays, and improve prognostic outcomes for patients with this rare 

but clinically significant syndrome. 

Keywords: Zollinger–Ellison syndrome; gastrinoma; hypergastrinemia; neuro 

endocrine tumors; multiple endocrine neoplasia type 1; diagnosis; management. 

ZOLLINGER–ELLISON SYNDROME: WHEN GASTRIN GOES ROGUE  

Zollinger–Ellison syndrome (ZES) is a rare endocrinopathy caused by gastrin-producing neuroendocrine 

tumors (gastrinomas) that typically occur in the pancreas or duodenum, leading to excessive gastrin release 

and profound gastric acid hypersecretion. The resulting hyperchlorhydria drives refractory and recurrent 

peptic ulcer disease, severe gastroesophageal reflux, and often chronic secretory diarrhea, with some 

patients presenting initially with diarrhea rather than ulcer symptoms
[1,2]

. Diagnosis should be suspected in 

patients with refractory acid-related symptoms, unusual ulcer locations, or ulcers that recur despite 

standard therapy and is confirmed by markedly elevated fasting gastrin levels (often >1000 pg/mL) with 

low gastric pH. Localization of gastrinomas is commonly accomplished using endoscopic ultrasound and 
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somatostatin receptor imaging. Treatment focuses on controlling gastric acid hypersecretion—primarily 

with high-dose proton pump inhibitors—and on surgical resection of localized tumors when feasible. 

Despite improved understanding and advances in diagnostic modalities, ZES remains frequently under-

recognized due to its rarity and symptom overlap with more common gastrointestinal disorders. 
[3,4]

 

AN UNCOMMON CULPRIT BEHIND COMMON SYMPTOMS 

Zollinger–Ellison syndrome (ZES) is a rare disorder with an estimated incidence of 0.5 to 2 cases per 

million individuals annually. The condition results from gastrin-secreting neuroendocrine tumors, known 

as gastrinomas, which are most frequently located in the duodenum or pancreas, particularly within the 

gastrinoma triangle
[5,6]

. Recent studies suggest that duodenal gastrinomas are more common than 

pancreatic gastrinomas, although they are often small and difficult to detect using conventional imaging 

modalities. Approximately 60% to 80% of gastrinomas demonstrate malignant potential, with liver 

metastases being the most common site of spread. Additionally, 20% to 25% of ZES cases are associated 

with multiple endocrine neoplasia type 1 (MEN1), an inherited disorder characterized by endocrine tumors 

involving the parathyroid glands, pituitary gland, and pancreas
[7]

. The presence of MEN1 is associated 

with multifocal tumors, earlier onset of disease, and distinct management considerations. Despite its low 

prevalence, ZES carries significant morbidity if unrecognized, highlighting the importance of awareness 

among clinicians managing refractory gastrointestinal disease. 
[8,9]

 

 

Fig 1: Gastrointestinal Neuroendocrine Tumors 

(https://www.ncbi.nlm.nih.gov/books/NBK279162) 

MOLECULAR BASIS OF GASTRINOMA  

Gastrinomas are well-differentiated neuro endocrine tumors characterized by autonomous gastrin 

secretion. Their molecular development differs from that of conventional gastrointestinal carcinomas, as 

frequent mutations in classical oncogenes such as KRAS and tumor suppressors such as TP53 are 

uncommon in well-differentiated tumors.  

A major molecular association is inactivation of the MEN1 gene, which encodes the tumor-

suppressor protein menin. In MEN1-associated disease, loss of the remaining functional MEN1 allele can 

promote clonal expansion of gastrin-producing cells. These tumors are commonly multiple, small, and 

located in the duodenal submucosa. 
[10]

 

At the signaling level, excessive gastrin activates the cholecystokinin-2 (CCK2) receptor, 

promoting intracellular pathways involved in cell proliferation and survival. Gastrin-related signaling can 
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interact with MAPK, PI3K/AKT, and EGFR-associated pathways, creating a biological environment that 

supports tumor growth. 
[11]

 

 

Fig 2: Pancreatic Neuroendocrine Tumors:Molecular Mechanisms And Therapeutic Strategies 

(https://clinicalpub.com/endocrine-pancreas) 

Recent molecular studies also indicate involvement of the mTOR pathway, DNA-repair mechanisms, 

chromatin remodeling, and telomere-maintenance pathways, including alterations involving DAXX and 

ATRX. These changes may contribute to tumor progression and metastatic behavior.  

Overall, gastrinoma development can be viewed as a multistep process in which tumor-suppressor 

dysfunction, particularly MEN1/menin loss, combines with dysregulated growth-signaling pathways and 

persistent gastrin stimulation. This molecular framework helps explain the distinct biology of sporadic and 

MEN1-associated gastrinomas and may provide opportunities for future targeted therapies.
[11]

 

THE ACID STORM: PATHOPHYSIOLOGIC PATHWAYS OF HYPERSECRETION 

The fundamental patho physiological mechanism of Zollinger–Ellison syndrome is autonomous gastrin 

secretion from gastrinomas, leading to persistent stimulation of gastric parietal cells and excessive 

gastric acid production. Sustained hypergastrinemia markedly increases basal and stimulated acid 

output, overwhelming the protective mechanisms of the gastric and intestinal mucosa.  
[2,3,6]

 

The resulting hyperchlorhydria causes recurrent and refractory peptic ulcer disease, often 

involving atypical or distal sites such as the jejunum. Excess acid entering the small intestine also 

inactivates pancreatic digestive enzymes and damages the intestinal mucosa, impairing fat digestion and 

nutrient absorption. These effects contribute to chronic secretory diarrhea, steatorrhea, and weight loss, 

which may occur independently of ulcer disease.   

Furthermore, prolonged exposure of the esophageal mucosa to gastric acid predisposes patients 

to severe gastroesophageal reflux disease, erosive esophagitis, and complications such as strictures or 

Barrett esophagus. Together, these mechanisms account for the severity and persistence of 
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gastrointestinal symptoms in ZES and underscore the need for aggressive acid suppression and early 

intervention. 
[12]

 

 

Fig 3: Pathophysiologic Pathways of Gastric Acid Hypersecretion ("The Acid Storm") 

(https://pubmed.ncbi.nlm.nih.gov/18474247) 

SPORADIC VS MEN1-ASSOCIATED ZES 

Zollinger–Ellison syndrome (ZES) occurs either as sporadic disease or in association with multiple 

endocrine neoplasia type 1 (MEN1). Most gastrinomas are sporadic, while approximately 20–25% occur in 

patients with MEN1.Sporadic ZES generally presents with a single gastrinoma, most commonly arising in 

the duodenum. These tumors are often larger and more likely to require definitive tumor-directed 

treatment. After appropriate localization and staging, surgical resection is generally considered when 

feasible. In contrast, MEN1-associated ZES results from an inherited MEN1 gene defect involving loss of 

the tumor-suppressor protein menin. Patients frequently develop multiple small duodenal gastrinomas, 

together with other MEN1 manifestations, particularly primary hyperparathyroidism and pituitary tumors. 

Because of tumor multiplicity, complete surgical cure is more difficult and the role of surgery is therefore 

more selective.  

FEATURE SPORADIC ZES MEN1-ASSOCIATED ZES 

Genetic background 
Usually no inherited MEN1 

syndrome 
Germ lineMEN1 mutation 

Tumor pattern Usually solitary Often multiple and small 

Common site Duodenum Predominantly duodenum 

Other endocrine 

tumors 
Usually absent Common 

Surgical approach Resection often considered More selective because of multiplicity 

Family screening 
Generally not required 

unless indicated 

Genetic counseling and family 

evaluation important 

Table 1: Sporadic ZES Vs Men1-Associated ZES 
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Recent comparative evidence suggests that MEN1-associated patients tend to be younger and have 

smaller primary gastrinomas, with generally more favorable survival outcomes than sporadic ZES, 

although individual prognosis is stronglyinfluenced by tumor grade and metastatic disease. In summary, 

distinguishing sporadic from MEN1-associated ZES is clinically important because the underlying biology, 

tumor distribution, associated endocrine abnormalities, surgical strategy, and long-term surveillance differ 

between the two forms. 
[13,14]

 

BEYOND PEPTIC ULCERS: THE DIVERSE CLINICAL FACE OF ZES 

The clinical manifestations of Zollinger–Ellison syndrome are heterogeneous and often mimic more 

common gastrointestinal disorders, contributing to delayed diagnosis. Refractory or recurrent peptic ulcer 

disease is the most frequent presentation, particularly ulcers that are multiple, large, distal, or resistant to 

standard proton pump inhibitor therapy. Severe gastroesophageal reflux disease is also common and may 

present with persistent heartburn, regurgitation, or esophagitis despite treatment. Chronic diarrhea is a 

hallmark feature and may be the initial presenting symptom in up to one-third of patients. This diarrhea is 

typically secretory and may be accompanied by electrolyte abnormalities, dehydration, and weight loss. 

Gastrointestinal bleeding, abdominal pain, nausea, and vomiting are also reported, particularly in advanced 

disease. Complications such as perforation, obstruction, and strictures may occur if the condition remains 

untreated. Because these symptoms overlap with Helicobacter pylori infection, non-steroidal anti-

inflammatory drug–induced ulcers, and functional gastrointestinal disorders, a high index of suspicion is 

required to identify ZES in patients with atypical or treatment-resistant disease. 
[15]

 

BIOCHEMICAL CLUES AND IMAGING BREAKTHROUGHS 

The diagnosis of Zollinger–Ellison syndrome relies on identifying inappropriate hypergastrinemia in the 

presence of gastric acid hypersecretion. Measurement of fasting serum gastrin remains the cornerstone of 

diagnosis, with levels exceeding 1000 pg/mL in conjunction with a gastric pH ≤2 considered diagnostic. In 

patients with intermediate gastrin elevations, particularly those receiving proton pump inhibitors, 

additional testing is required. The secretin stimulation test is the most widely used confirmatory test, 

exploiting the paradoxical rise in gastrin secretion seen in gastrinomas. Once biochemical confirmation is 

achieved, accurate tumor localization is critical for staging and management. Imaging modalities have 

evolved significantly, with endoscopic ultrasound offering high sensitivity for detecting small pancreatic 

and duodenal lesions. Cross-sectional imaging using contrast-enhanced computed tomography and 

magnetic resonance imaging assists in identifying metastatic disease. More recently, somatostatin 

receptor–based imaging, particularly gallium-68 DOTATATE positron emission tomography, has emerged 

as a highly sensitive and specific modality for detecting both primary gastrinomas and distant metastases, 

representing a major advance in ZES evaluation. 
[16]

 

FROM SUSPICION TO CERTAINTY: NAVIGATING DIAGNOSTIC CHALLENGES 

Diagnosing Zollinger–Ellison syndrome is often complicated by conditions that cause secondary 

hypergastrinemia, leading to potential diagnostic pitfalls. Chronic proton pump inhibitor therapy is the 

most common confounder, as it induces hypergastrinemia through acid suppression. Other conditions such 

as atrophic gastritis, pernicious anemia, Helicobacter pylori infection, renal insufficiency, and gastric outlet 

obstruction may also elevate serum gastrin levels. Failure to assess gastric pH alongside gastrin levels can 

result in misdiagnosis. Additionally, small duodenal gastrinomas may evade detection on conventional 

imaging, further complicating diagnosis. MEN1-associated ZES presents additional challenges due to 

multifocal tumors and coexisting endocrine abnormalities that may obscure clinical interpretation. 

Misattribution of symptoms to more common disorders such as refractory gastroesophageal reflux disease 

or irritable bowel syndrome frequently delays diagnosis. These challenges underscore the importance of 

systematic biochemical evaluation, careful medication review, and use of advanced imaging techniques to 

achieve diagnostic certainty. 
[16]

 

THERAPEUTIC STRATEGIES, OUTCOMES, AND ONGOING CHALLENGES IN 

ZOLLINGER–ELLISON SYNDROME 

The management of Zollinger–Ellison syndrome (ZES) requires a multifaceted approach aimed at 

controlling gastric acid hypersecretion, addressing tumor burden, and minimizing long-term complications. 

The cornerstone of medical therapy is aggressive acid suppression using high-dose proton pump inhibitors 

(PPIs), which have dramatically improved symptom control and reduced ulcer-related morbidity. Agents 

such as omeprazole, pantoprazole, and esomeprazole effectively suppress both basal and stimulated acid 
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secretion and are generally well tolerated, although long-term therapy necessitates monitoring for potential 

adverse effects, including micronutrient deficiencies and bone disease. Somatostatin analogs, including 

octreotide and lanreotide, provide additional benefit by reducing gastrin secretion and controlling tumor-

related symptoms, particularly in patients with metastatic disease or those who are not surgical candidates. 

Surgical resection remains the only potentially curative option and is recommended for patients with 

localized sporadic gastrinomas; however, its role in MEN1-associated ZES is more controversial due to 

tumor multiplicity and high recurrence rates, often favoring selective surgery or active surveillance. In 

advanced disease, particularly in the presence of liver metastases, management focuses on symptom 

control, tumor growth suppression, and quality-of-life preservation using somatostatin analogs, targeted 

therapies, peptide receptor radionuclide therapy, and liver-directed interventions. Prognosis has improved 

significantly with modern therapy, with excellent long-term survival in localized disease, while outcomes 

remain less favorable in patients with metastatic or MEN1-associated disease, necessitating lifelong 

biochemical and radiologic surveillance. Despite these advances, ZES continues to pose diagnostic 

challenges due to its rarity, nonspecific clinical features, and masking effects of widespread PPI use, often 

resulting in delayed recognition and preventable complications. 
[17,18,19]

 

CURRENT KNOWLEDGE GAPS AND RESEARCH PRIORITIES 

Despite major advances in the diagnosis and treatment of Zollinger–Ellison syndrome (ZES), several 

important uncertainties remain. The rarity of gastrinoma has resulted in limited prospective studies, and 

many treatment recommendations are based on retrospective studies, expert consensus, or evidence from 

broader neuro endocrine tumor populations.  

Key research priorities include improving biochemical diagnosis, particularly the development of 

reliable gastrin-based biomarkers and safer diagnostic strategies that reduce dependence on withdrawal of 

proton-pump inhibitors. Better methods are also needed to distinguish true gastrinoma-associated 

hypergastrinemia from common secondary causes. 

Another major gap is the molecular understanding of gastrinoma progression. Further studies are 

required to clarify how MEN1 alterations, signaling pathways, and other molecular changes influence 

tumor growth, metastasis, and treatment response. Molecular markers that can predict aggressive behavior 

could improve individualized management. 

Tumor localization and surveillance also require refinement. Small duodenal gastrinomas, 

particularly in MEN1-associated ZES, may remain difficult to detect with conventional imaging. Research 

should determine the optimal combination and timing of cross-sectional imaging, endoscopic ultrasound, 

and somatostatin-receptor-based imaging.  

Finally, there is a need for gastrinoma-specific clinical trials evaluating surgery, somatostatin 

analogues, targeted therapies, peptide receptor radionuclide therapy (PRRT), and treatments for metastatic 

disease. Evidence specifically generated in gastrinoma populations remains limited, making personalized 

treatment selection an important future research direction. 
[20,21]

 

FUTURE PERSPECTIVES 

In summary, future research should focus on earlier and more accurate diagnosis, molecular risk 

stratification, improved tumor localization, standardized surveillance, and prospective evaluation of 

personalized therapies. These advances could help move ZES management from predominantly consensus-

based practice toward evidence-driven precision medicine.  

Advances in somatostatin-receptor imaging and molecular profiling may allow more accurate 

localization of small gastrinomas and better identification of tumors with aggressive behavior. Further 

research into MEN1/menin abnormalities and other molecular pathways could provide biomarkers for 

prognosis and treatment selection. 

For advanced disease, prospective studies specifically involving gastrinoma are needed to 

determine the optimal sequence and combination of somatostatin analogues, targeted therapies, peptide 

receptor radionuclide therapy (PRRT), chemotherapy, and liver-directed approaches. Current evidence for 

several of these strategies remains limited because gastrinoma-specific trials are uncommon. 

Ultimately, the future management of ZES is likely to move toward precision medicine, integrating 

biochemical markers, functional imaging, tumor genetics, and clinical characteristics to select individualized 

therapies. Greater collaboration through specialized multidisciplinary neuro endocrine tumor centers and 

prospective international studies will be essential to generate stronger evidence for this rare disorder.
[22,23] 

CONCLUSION 
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Zollinger–Ellison syndrome remains a complex and often under recognized disorder despite major 

advances in diagnostic and therapeutic strategies. Effective acid suppression with proton pump inhibitors 

has transformed disease outcomes, while surgical and targeted oncologic interventions offer meaningful 

benefit in selected patients. Nonetheless, challenges persist in early diagnosis, management of MEN1-

associated disease, and treatment of metastatic gastrinomas. Improved clinician awareness, judicious use of 

diagnostic algorithms, and a multidisciplinary approach are essential to optimize long-term outcomes and 

quality of life in patients with ZES. 
[24]
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