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Abstract

BACKGROUND

Zollinger-Ellison syndrome (ZES) results from hypersecretion of gastrin from
pancreatic or duodenal neuroendocrine tumors (NETs), commonly referred to as
gastrinomas. The high levels of gastrin lead to a typical presentation involving watery
diarrhea and multiple ulcers in the duodenum. Here, we have presented the rare case of
a patient with ZES and absence of hypergastrinemia as well as an atypical location of

gastrinoma.

CASE SUMMARY

A 72-year-old woman presented with the typical clinical manifestations of ZES,
including upper abdominal pain, significant watery diarrhea, and acidic liquid vomitus.
Surprisingly, however, she did not have an increased level of serum gastrin. In
addition, there was no evidence of gastrinoma or any other ulcerogenic tumor.
Esophagogastroduodenoscopy was conducted to examine the upper digestive tract.
Revised diagnoses were considered, and an individualized treatment plan was
developed. The patient responded to antacid medication while experiencing
intermittent, recurring bouts of ZES. 18F-AIF-NOTA-octreotide positron emission
tomography (18F-OC PET)/computed tomography (CT) helped locate the tumor.
Postoperative pathology and immunohistochemistry (IHC) results suggested that the

tumor was a gastrinoma located at an unconventional site.

CONCLUSION

This present case study demonstrates the possibility of ZES-like manifestation in
patients with absence of hypergastrinemia. 18F-OC PET/CT is a relatively new imaging
technique that can be applied for diagnosing even tiny gastrinomas that are atypical in

terms of location.
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Core Tip: We recommend gastrinoma as one possible diagnosis for patients presenting
ZES-like clinical features, but without any typical tumor location or with normal serum
gastrin levels. 18F-OC PET/CT is an advanced imaging technique that can be used to

locate and diagnose gastrinoma in such patients.

INTRODUCTION

Zollinger-Ellison syndrome (ZES) occurs due to increased gastrin secretion from
pancreatic or duodenal, or stomach neuroendocrine tumors (NETs), which is commonly
referred to as gastrinomas. Such high levels of gastrin-induce gastric acid
overproduction is usually associated with peptic ulcer disease and severe watery
diarrhealll. Although used interchangeably, gastrinoma refers to NETs that secrete
gastrin, and ZES is the clinical manifestation of NETI2.. Severe cases of ZES may develop
electrolyte imbalance, gastrointestinal perforation, and other complications. In addition,
Some other rare causes are also responsible for substantial gastric acid hypersecretion,
including idiopathic gastric acid hypersecretion, non-gastrin peptide secretion, and
gastric acid hypersecretion tumorsl® 4. Here, we have presented a unique case of a ZES
in a patient who is distinct from any previously mentioned groups of patients. The
patient presented with ZES-like clinical features, including highly suspicious gastric
acid-associated diarrhea and multiple ulcers in the second and third parts of the
duodenum. However, the patient did not show any typical tumor location or elevated

serum gastrin levels.




CASE PRESENTATION

Chief complaints

Watery diarrhea with upper abdominal pain and vomiting for the past 1 year.

History of present illness

A 72-year-old female presented to our clinic with watery diarrhea since the past 1 year,
coupled with upper abdominal pain and vomiting. She suffered frequent vomiting with
large-volume gastric secretion. She had been taking proton-pump inhibitors off and on
for 1 year. After a series of laboratory, imaging, and esophagogastroduodenoscopy
examinations, NET was suspected. A high-end 18F-OC PET/CT scan confirmed the
location of the tumor in the posterior peritoneal region of the right para-aortic lymph
node. Following surgical removal of the tumor, postoperative pathology confirmed
NET. No diarrhea, abdominal pain, or other symptoms were observed during the

postoperative follow-up.

History of past illness

No special history of past illnesses.

Personal and family history
She and her family had no notable medical history.

Physical examination
A physical examination revealed that the patient was in a state of malnutrition with
obvious dehydration. Epigastric tenderness with negative rebound tenderness was

detected. Abdominal splashing sounds and vigorous borborygmus were also heard.

Laboratory examinations
Laboratory investigations revealed a high blood count (27.21*109/L), an elevated
neutrophil differential count (93.1%), a high D-dimer level (>4400 g/L), a low total




protein (48.9g/L), an low albumin (28.2 g/L), a normal hemoglobin level (112g/L) in
the blood, and a positive occult blood test, but no white cells in the stool. The stool
cultures for bacterial, viral, and parasitic infections were negative. The vomit was
expelled onto pH test paper, and upon development and comparison to the standard
color card, it was determined to be acidic. The patient’s serum gastrin level was in the
normal range (69.54 pg/mL,13-115pg/mL) in the first test. Although after two standard
meal stimulations, the serum gastrin level increased to 182 pg/mL and 198 pg/mL

respectively, it did not exceed 200 pg/mL.

Imaging examinations

Esophagogastroduodenoscopy revealed multiple deep and superficial ulcers in the
second and third portions of the duodenum (Figure 1A). Conventional and contrast-
enhanced abdominal CT displayed no gastrointestinal or pancreatic tumors. However,
the enhancement of the posterior peritoneal para-aortic lymph node was detected in
contrast-enhanced CT (Figure 2A). Next, we employed high-end 18F-OC PET/CT
imaging to more accurately pinpoint the tumor’s site and evaluate any additional
tumors that the patient may have. The results indicated that the lymph node of the
posterior peritoneum was enlarged on the right side of the abdominal aorta (Figure 2B).
Notably, an increased uptake of 18F-OC suggested high somatostatin expression and
confirmed NET. 18F-OC PET/CT imaging in other parts of the body, including the

brain, indicated no significant abnormal increase in the 18F-OC uptake.

PATHOLOGICAL EXAMINATIONS

The outcome of the duodenal biopsy revealed chronic inflammation in the mucosa
(Figures 1C, D). The pathological diagnosis of the specimen after retroperitoneal tumor
resection therapy was NET. The IHC results were as follows: CK(pan) (+), CD56 (+),
CgA (+), Ki-67 (+2), Syn (+), P53 (-), Gastrin(+), ATRX (+), and SSTR2 (+) (Figure 3).

FINAL DIAGNOSIS




The pathological diagnosis of the specimen after retroperitoneal tumor resection

therapy was NET GI1 (gastrinoma).

TREATMENT
The patient was commenced on a proton pump inhibitor (PPL esomeprazole, 80
mg/day), fluid infusion, and electrolyte supply treatment. After locating the tumor,

surgical resection was performed.

OUTCOME AND FOLLOW-UP

No diarrhea, epigastric pain, or vomiting occurred at the 7-month follow-up.

DISCUSSION

ZES is a clinical manifestation of gastrinoma caused by hypersecretion of gastrin. It has
been reported in the literature that a limited proportion of individuals have an
ulcerogenic tumor syndrome, which is defined by islet-cell tumors that do not contain
or produce gastrin and stomach acid hypersecretionl® 4l. These individuals' symptoms
of diarrhea and/ or peptic ulcers are similar to those of ZES patients. These tumors have
been proven to contain a yet-to-be-identified peptide that is separate from gastrin and
that stimulates the production of gastric acid.
Gastrinomas are widely distributed. The prime site of their location is the the
duodenum (70%) and pancreas (25%), with 5% of cases occurring in the stomach, liver,
ovary, and lung. The most common clinical symptoms of ZES include abdominal pain
and diarrhea. Around 80% of gastrinoma discovered in ZES patients were sporadic and
solitaryl®l. The remaining non-sporadic gastrinomas were linked to multiple endocrine
neoplasia type 1 (MEN-I)I®l. The serum gastrin level is measured to diagnose ZES
directlyl’ 2. Similarly, the specificity and sensitivity of serum chromogranin A (CgA) in
the diagnosis of NET can reach 60-90%, in which chromogranin B (CgB) is only slightly
affected by PPIUL. The serum gastrin levels of >500 pg/mL, coupled with substantially

elevated gastric-acid secretion, support the diagnosis of ZES. In most cases, the




diagnosis of ZES may be eliminated if the fasting serum gastrin level is <100 pg/mL.
Stimulation tests are conducted when the fasting serum gastrin level is normal or
slightly elevated. A rise in serum-stimulated gastrin level of 2120pg/mL, induced by
intravenous calcium test or by the standard meal test, may support the diagnosis of
ZESI8l. Another crucial diagnostic step for ZES is the localization of gastrinoma.
Whereas gastrinomas mostly appear in the gastric antrum (Type I) or pancreas and
other locations (Type 1II), they may be associated with MEN-IPL
Although imaging techniques such as endoscopy and endoscopic ultrasound are
efficient for detecting NETs, they are not always helpful because of the small size of the
lesion that is also frequently multiple. Contrast-enhanced CT scans help locate primary
tumors >1 cm in size, pancreatic tumors, and liver metastases, but their sensitivity
declines for tumors <1 cm in size and those located outside of the pancreaslo 1.

We have reported here the case of a 72-year-old woman with typical clinical
manifestations of ZES, including recurrent symptoms of upper abdominal pain,
significant watery diarrhea, and acidic liquid vomitus. The endoscopy revealed
multiple ulcer diseases in the second and third portions of the duodenum. Based on the
examination results, we excluded the common diseases that could cause abdominal
pain, diarrhea, and vomiting. These findings strongly suggested a diagnosis of
gastrinoma causing the ZES. Surprisingly, the fasting serum gastrin levels were normal,
which is a rare observation(!2-1¢l. Even after two standard meal stimulations, the serum
gastrin level did not reach up to the diagnostic criterion. The abdominal contrast-
enhanced CT scan detected an enhanced lymph node on the right side of the para-aortic
area of the retroperitoneal abdominal region. The duodenal ulcer dramatically
improved after 2 wk of PPI therapy (Figure 1B). Together, these observations further
endorsed the diagnosis of ZES caused by atypical gastrinoma.
Nucleﬁ medicine has become a method of choice for diagnosing NETs, especially due
to the imaging of somatostatin receptors (SSTRs). Whereas, the overexpression of SSTR
on the surface of tumor cells is a unique feature of NETs, as it facilitate diagnostic

molecular imaging using radionuclide-coupled somatostatin analogs (SSAs)["7l. SSTR-




PET methods have demonstrated tremendous potential for enhancing the localization of
gastrinomas and other NETs[18-20l. According to the European guidelines, SSTR PET is
preferred over octreoscan for the diagnostic workup of NETsl2 221 18F is the most
widely employed radionuclide in PET owing to its chemical, physical, and nuclear
properties, which render it ideal for peptide-based imaging?3. Despite these
advantages, until recently, only a few radiotracers for SSTR labeled with 18F have been
described(2* 251, 18F-AIF-NOTA-octreotide (18F-OC) is a peptide-imaging tracer that can
be quickly synthesized and which exhibits a good tumor uptake in vivo. Another
commonly used PET tracer 18F-FDG is utilized for assessing the glycolytic metabolism
in aggressive, poorly differentiated NETs.
Although certain reports suggest an enhanced uptake of 18F-OC in some normal
organs, such as the spleen, adrenal gland, renal parenchyma, pituitary gland, and liver,
its uptake was significantly higher in NETsI?l, Therefore, the enhanced uptake of 18F-
OC in NETs makes it a promising diagnostic tool for NET. When compared to the
traditional diagnostic methods such as 68Ga-DOTATATE PET/CT, it is considered the
current gold standard for SSTR imaging/?l. Indeed, 18F-OC detects lesions better,
especially those in the liver[25-3l. This fact is substantiated by _past studies conducted by
Hou et al®), who demonstrated that 18F-OC could detect relatively small peritoneal
metastases (diameter <5 mm) in a patient that were missed by &Ga-DOTATATE[”I.
This report can be attributed to the fact that 18F is a short-range positron emitter with
better spatial resolution®!], which may be better suited for detecting small lesions.
Relative to 18F-FDG, 18F-OC provides superior imaging of well-differentiated NETs[32l.
Based on the results obtained by 18F-OC PET/CT imaging, we observed enlargement in
the posterior peritoneal region of the right para-aortic lymph node (diameter 1.2 cm).
Furthermore, the enhanced uptake of 18F-OC suggested a high expression of
somatostatin and, subsequently, confirmed NET (gastrinoma). Given the patient's
repeated symptoms of vomiting, diarrhea, and abdominal pain, retroperitoneal tumor
resection was decided after excluding surgical contraindications. Postoperative

pathology and IHC suggested that the tumor was gastrinoma. Although 18F-OC




indicated neuroendocrine cell infiltration of lymph nodes, no primary lesion was
detected. The possible causes include the presence of an undetected micro-gastrinoma
with metastatic lymph node involvement, an unidentified primary tumor, or a rare
primary lymph node gastrinoma, which have been well reported in other references!-
%1 . Thus, a long-term follow-up is required to track postoperative changes in patients
by using endoscopy and CT-enhanced scans of the whole abdomen once a year, with an

extra 18F-OC PET/CT on detecting or suspecting other abnormalities.

CONCLUSION

Gastrinoma is a rare form of NET that causes overproduction of gastrin, which
ultimately leads to the clinical manifestation referred to as ZES. Gastrinoma with low
serum gastrin is relatively uncommon. If the symptoms linked with ZES are detected in
a patient with no other associated disorders, gastrinoma should be taken into
consideration initially. The diagnosis and classification of gastrinoma greatly depend on
the results of the imaging examination. Regularly, abdominal enhanced CT should be
improved, and when a positive result cannot be obtained, a PET/CT examination,
particularly with 18F-OC or 68Ga-DOTATATE, should be opted for. Meanwhile, timely
surgical removal of the tumor is necessary to treat patients and alleviate their symptoms

in such cases.
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