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Abstract

Objectives—Zollinger-Ellison Syndrome (ZES) is characterized by hypergastrinemia and gastric 

acid hypersecretion resulting in peptic ulcer disease, diarrhea and weight loss. Acid secretion can 

be controlled with medication and biochemical cure is possible with surgery. Data on how these 

interventions affect patients’ weight are lacking. We aimed to determine how medical and surgical 

acid control affects weight over time.

Methods—We performed a retrospective cohort study on 60 ZES patients. Acid control was 

achieved with appropriate dose proton pump inhibitor (PPI) therapy. Surgery was performed for 

curative intent when appropriate. Weight change was assessed versus pre-acid control or 

immediate pre-operative weights and expressed as absolute and percent change from baseline at 6, 

12, 18 and 24 months.

Results—A total of 30 PPI-controlled patients and 20 surgery-controlled patients were analyzed. 

Weight gain was noted at all-time points while on appropriate dose PPI therapy (p<0.005). Of 

patients who had surgery with curative intent, weight gain was noted at 12 months (7.9%, 

p=0.013) and 18 months (7.1%, p=0.007). There was a trend toward weight gain seen at all-time 

points in the patients who were surgically cured.

Conclusion—These data represent a novel description of weight gain after acid suppression in 

ZES.
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Introduction

Zollinger-Ellison Syndrome (ZES) is a rare disorder characterized by a 

gastroenteropancreatic neuroendocrine tumor (GEP-NET), tumoral release of gastrin and 

gastric acid hypersecretion. It is the result of ectopic production of gastrin from a GEP-NET 

most commonly found in the duodenum followed by the pancreas.1 ZES was first described 

in 1955 in a case series of 6 patients and the classic presentation is of refractory peptic ulcer 

disease complicated by gastrointestinal bleeding, obstruction and perforation.2,3,4 In addition 

to these complications, hypersecretion results in diarrhea and weight loss.5 Weight loss is 

related to nutrient malabsorption and steatorrhea. It is a presenting sign of ZES in up to 53% 

of cases.6

Management of ZES is dependent on multiple endocrine neoplasia type 1 (MEN-1) status 

but involves medical control of the gastric acid hypersecretion with proton pump inhibitors 

(PPI) and subsequent surgical resection of the gastrinoma with curative intent in select 

cases7. PPI therapy is effective in the majority of ZES patients in controlling gastric acid 

hypersecretion.8,9,10 In appropriately chosen patients, surgical cure is possible in non-

MEN-1 related ZES in up to 30% of cases.1112

Despite data that medical control and surgical cure of ZES is possible, little is known of its 

resultant effect on patients’ weight. Weight loss is common prior to the diagnosis, but it is 

unknown what to expect following initiation of therapy. Several case reports note weight 

gain with acid suppression and expert opinion suggests monitoring for weight gain with 

regulation of hypersection13,14; however studies to date have not quantified that change. We 

hypothesized that patients who have effective acid control would gain weight over time.

Materials and Methods

Patients

This is a retrospective cohort study of 60 patients followed for ZES at the Hospital of the 

University of Pennsylvania from 1994 through 2014. The diagnosis of ZES was consistent 

with established criteria, using an elevated serum gastrin (>100 pg/mL) in the presence of 

gastric acid hypersecretion (>15 mEq/h or >10 mEq/h if the patient had previously 

undergone gastric acid-reducing surgery), as well as positive provocative testing with 

secretin stimulation (a rise in serum gastrin >200 pg/mL after intravenous injection) or with 

calcium infusion (a rise in serum gastrin >395 pg/mL), a positive histologic diagnosis of 

gastrinoma, or a combination of these criteria.15,16 The study was approved by the 

Institutional Review Board.

Patient level data were abstracted from the medical record, including demographic data, 

history of MEN-1, extent of disease, type of surgery, surgical outcome, dates of PPI 

administration and dosage change (if applicable) and weight over time. Appropriate dose 

PPI therapy was defined as a basal acid output (BAO) < 10 mEq/hr in patients with intact 

stomachs, a BAO < 5mEq/hr after acid-reducing surgery or the absence of hypersecretory 

symptoms on at least twice daily full dose PPI if no BAO was performed.
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Patients were excluded from the analysis of PPI effects on weight if pre-PPI initiation or 

dose optimization weights were unavailable. Patients were excluded from the analysis of 

surgical effects on weight if their surgery was not with curative intent or if they had a 

contravening reason for weight change, including the development of decompensated organ 

failure unrelated to neuroendocrine tumor. All patients in the surgical group were on PPI 

prior to surgery. Surgical cure was defined as a normal fasting serum gastrin and the absence 

of imagable tumor postoperatively.

Outcome Measurement

The primary outcome in our study was weight change after control of acid production in the 

setting of a new diagnosis of ZES or after dose titration of PPI. We evaluated the weight 

change from baseline, defined as the most proximal weight available prior to surgery or 

initiation of appropriate dosing of PPI therapy. Weight measurements were extracted from 

the medical record.

Statistical Analysis

Descriptive statistics were calculated for all variables, including mean, standard deviation 

and confidence intervals for continuous variables and frequencies for categorical values. 

Comparisons were made between patients’ baseline weight and those at 6, 12, 18 and 24 

months after both optimal medical therapy and surgery with curative intent. Change in 

weight was measured as an absolute and relative percentage change from baseline. The two-

tailed t-test was applied for continuous variables. All statistical analyses were performed 

with STATA software (version13.0; StataCorp, College Station, Tx). Traditional levels of 

statistical significance were applied with P values less than 0.05 considered significant.

Results

Patient Characteristics

As shown in Figure 1, there were 60 patients with ZES identified in our cohort. Of these, 10 

patients were excluded from analysis because they did not have surgery with curative intent 

or pre-PPI initiation weights were unavailable. There were 30 patients who were not eligible 

for surgical cure and therefore were treated with PPI exclusively. This constitutes the 

medical acid control (MAC) group. Four of these patients eventually required surgical 

debulking for symptom management, but all such operations occurred greater than two years 

after initial acid control, i.e., beyond the period in this study. A total of 20 patients had 

surgery with curative intent and were analyzed in the surgical acid control (SAC) group.

The demographic data for our cohort are summarized in Table 1. The median ages of the 

patients in the MAC and SAC groups were 58.4 ± 16.8 years and 57.2 ± 12.7 years, 

respectively. There were 17 (56.7%) females in the MAC group and 12 (60.0%) in the SAC 

group. The majority were white in both groups. MEN-1 syndrome was more common in the 

MAC group (40%) compared to the SAC group (10%). The maximal extent of disease was 

restricted to locoregional lymph nodes in 5 (16.7%) versus 15 (75%) patients in the MAC 

and SAC groups, respectively. Liver metastases were seen in 11 (36.7%) versus 4 (20%) 
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patients in the MAC and SAC groups, respectively. None of the MAC patients were cured of 

their disease while 8 (40%) in the SAC group were cured.

Medical Acid Control

Of the 30 patient MAC cohort at the time of enrollment: 7 (23%) patients were not on any 

therapy, 15 (50%) of the cohort were already on once daily PPI therapy that was increased to 

twice daily dosing and 8 (27%) patients were already on twice daily PPI therapy that was 

most commonly doubled in strength, ie: omeprazole 20mg twice daily to 40mg twice daily. 

The median duration of any PPI therapy prior to dose optimization (14 months IQR: 8 mo- 

23mo) was available in 13 out of the 23 (56%) patients on therapy at the time of enrollment.

The change in weight in the MAC group is detailed in Table 2. The mean BMI of patients in 

the MAC group at baseline was 27.78 ± 7.57 kg/m2 with a mean weight of 171 ± 51.3 lbs. 

The absolute change in weights at 6, 12, 18 and 24 months were 9.5, 11.1, 18.2 and 15.1 

pounds, respectively. These changes were highly significant at all-time points.

Weights were then measured as a percent change from baseline using each patient as their 

own reference. Analysis was conducted at the same intervals (Table 3). As seen in Figure 2, 

patients were noted to gain weight at 6 months (6.4%), 12 months (7.4%), 18 months 

(13.1%) and 24 months (10.0%) while on appropriate dose PPI therapy. Patient weight 

increases were highly statistically significant at all measured times (p<0.005). A subgroup 

analysis was performed by MEN status. All patients who had gastrinoma associated with 

MEN-1 syndrome also demonstrated significant weight gain at all time points. However, 

patients with sporadic disease only showed significant increase in body weight at 6 and 12 

months after appropriate acid control.

Surgical Acid Control

There were 20 patients who had surgery with curative intent and all were on PPI prior to 

surgery. The mean BMI of patients in the SAC group at baseline was 25.77± 6.88 kg/m2 

with a mean weight of 168.4 ± 55.3 lbs. The mean Duodenal wedge resection with lymph 

node exploration was the primary surgical procedure (n =16, 80%). Among the other 

patients who had surgery with curative intent, two underwent pancreatic enucleation, one 

had a partial hepatectomy due to a primary liver tumor and one patient underwent a Billroth 

type II procedure with lymph node exploration. Weight change was assessed as a percent 

change from baseline and was significantly increased at 12 and 24 months after surgery. As 

seen in Table 4, patients had a mean weight increase of 8.4% (p=0.002) at 12 months and 

7.1% (p=0.007) at 18 months, respectively. Patient weight change was not significantly 

different at 6 months post-operatively and the observed weight gain was not durable at 24 

months after surgery. These findings were seen in both the surgically cured as well as the 

non-cured patients. However, as demonstrated in Figure 3, there was a trend toward weight 

gain seen in the cured group that was not evident in the group with residual disease.

Discussion

This study is the first to examine weight change following the diagnosis of ZES in relation 

to acid control. We show that once acid control is achieved with appropriate dose PPI based 
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on BAO on therapy or lack of symptoms on at least twice daily PPI, there is significant 

weight gain over time. The weight gain is durable for at least two years after optimal dosing. 

Once hormonal secretion was controlled with anti-secretory therapy, patients who 

underwent surgical intervention with curative intent gained additional weight above that 

seen with PPI therapy alone.

In ZES, the etiology of weight loss is likely multifactorial. Abdominal pain is a symptom of 

gastric acid hypersecretion in 47– 85% of ZES patients at the time of diagnosis, which may 

result in reduced caloric intake.5, 6 The hypergastrinemia and resultant gastric acid 

hypersecretion result in fat and nutrient malabsorption, further confounding the 

malnourished state.

Accepting that weight loss occurs prior to a diagnosis of ZES, we aimed to determine if 

weight gain occurs after patients are appropriately managed. There are several proposed 

explanations for why patients may gain weight once acid control is achieved. With 

suppression of acid hypersecretion, patients generally feel better and have restoration of 

protein-fat absorption that accounts for the rapid weight gain seen in the first 6 months. 

Alternatively, patients may alter their caloric intake during the hypersecretory phase to try to 

prevent weight loss. Once they are no longer malabsorbing fat, their increased caloric intake 

continues as a learned behavior resulting in rapid weight gain. This may be the leading 

candidate explanation as only 53% of patients in the largest ZES cohort to date had weight 

loss at the time of diagnosis.6 Our patients were actually overweight even at their nadir 

weights, according to World Health Organization body mass index (BMI) criteria.17 Finally, 

there is possibly a hormonal basis for the weight gain on top of the simple caloric input and 

absorption theories. As seen in roux-en-y gastric bypass, there are rapid changes in 

circulating concentrations of leptin, insulin-like growth factor 1, gastric inhibitory 

polypeptide and other hormones involved in body weight regulation that are also possibly 

affected by gastric acid hypersecretion.18

The most rapid weight gain was observed in the MAC group during the first six months of 

follow-up with a mean increase of 6.4% of body weight (9.5lbs, P < 0.0001). The rate of 

gain stabilized out to 24 months but was durable throughout this period. At 24 months, 

patients had a mean increase of 10% of total body weight above time zero (15.1lbs, p = 

0.006). This weight gain is far above the expected annual weight gain on a standard 

American diet (3.35lbs over 4 year increments) as seen in the Nurses’ Health Study.19 The 

mean percent change in body weight is significant at all-time points when compared to time 

zero.

In a subgroup analysis, MEN-1 patients had significant weight gain even at 24 months from 

optimal medical acid control while those with sporadic disease only had significant weight 

gain at 6 and 12 months. This is more likely on the basis of fundamental differences in 

disease phenotype rather than reflective of peculiarities of our cohort. Patients with ZES and 

MEN-1 have lower rates of metastatic disease at the time of diagnosis.20 This is consistent 

with our findings. MEN-1 patients in our cohort had metastatic disease in 20% of cases 

versus 40% in the sporadic group. There is debate about whether patients with MEN-1 have 

improved overall survival compared to sporadic disease. Our previously published data 
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suggest there is at least an improved disease specific mortality in patients with ZES and 

MEN-1.20,21 In addition, our MAC group only includes sporadic disease patients that were 

not eligible for curative surgery, which is due to either the presence of metastatic disease or 

other comorbidities that limited their surgical candidacy. Patients with sporadic tumors may 

have had a more progressive course than the MEN-1 patients in the MAC group. Among the 

four patients who ultimately had debulking surgery in the MAC group, all had sporadic 

disease. Therefore, it is possible that the MEN-1 patients in the MAC group have more 

indolent disease than the sporadic ZES patients. This fact could account for the weight 

difference seen at 18 and 24 months.

Our study is not without limitations. The cohort is small, though this represents one of the 

largest ZES series ever reported. Nonetheless, it may not have had the power to detect a 

difference in weight among surgical patients two years out from their operation. Given the 

sample size, we were unable to systematically account for potential confounders that could 

affect weight, including smoking behavior, socioeconomic status and comorbidities aside 

from MEN-1. However, we did restrict analysis of patients who developed decompensated 

organ failure for reasons other than ZES, which should substantially reduce any bias that 

may be related to comorbid conditions.

While our study included 60 patients, only 30 who did not undergo surgery had pre-acid 

control weights available (our MAC group). This is largely a result of the widespread use of 

PPI therapy for many gastrointestinal complaints that can overlap with ZES. Given the 

frequent use of anti-secretory therapy in the population, there is a delay in diagnosis of 5-8 

years of ZES even in patients with established MEN-1 syndrome.3,22 The diagnosis is more 

difficult to make in the setting of active PPI use.23 Many of our patients had been on some 

form of anti-secretory therapy for years prior to consideration of ZES and subsequent 

referral to our center, making it unclear in several cases which weight constituted a true 

immediately pre-acid control weight. Therefore only patients with clearly documented 

continued BAO acid hypersecretion on therapy or symptoms that needed dose titration with 

available weights at that visit were analyzed (N=30). Of those 30 patients, 23 were already 

on some PPI therapy at the time of enrollment albeit underdosed. Because of this partial 

therapy, this study may actually underestimate the weight gain seen with medical therapy.

Management of ZES is dependent on control of acid hypersecretion and on growth of the 

gastrinoma itself. In an era of effective pharmacotherapy, it is the 40–60% of cases20 with 

malignant gastrinoma that is the major determinant of mortality in ZES.24 Early surgical 

intervention with attempt at excision of the gastrinoma has been shown to reduce the risk of 

metastatic disease to the liver25 as well as improve both disease and all-cause mortality.21 

Because of the benefits seen with surgical intervention, it is plausible that surgical resection 

of the gastrinoma would have an independent benefit on weight above that seen with acid 

secretion therapy alone.

Twenty patients with sporadic ZES were operated on with curative intent and 8 patients 

(40%) achieved biochemical cure. In the initial post-operative period, there was no 

significant weight change from baseline. At year one from surgery and for another 6 months 

there was an increase in weight above that seen alone with acid secretion therapy. It is 
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expected that patients have a recovery time following a major abdominal operation and thus 

it is reasonable that no change in weight was seen during the first six months. Whereas 

control of the malabsorptive process and behavioral modifications may explain the weight 

gain in the MAC group, directly eliminating the gastrinoma may explain the weight gain 

seen in the SAC group. The etiology of death in 70% of patients in a series of ZES cases 

was tumor related cachexia.24 It is possible that some tumor related catabolism could lead to 

weight loss independent of gastric acid hypersecretion that would be eliminated with 

effective surgical resection. This phenomenon could explain the subsequent weight loss and 

return to baseline seen at two years, which likely is reflective of tumor growth in a cohort 

that had only 40% biochemical cure and a 20% rate of metastatic disease to the liver. 

Evaluating the biochemically cured patients only, there is a trend towards weight gain not 

seen in the group with residual disease.

In summary, these data represent a novel description of weight gain after gastric acid 

suppression in ZES. With appropriate antisecretory therapy, patients gain a significant 

amount of weight with the most rapid increase seen in the first six months. There is an 

additional weight gain following surgical resection of the gastrinoma with a trend towards 

significance in those achieving biochemical cure. These findings suggest following weight 

over time might be a clinically useful surrogate marker for disease control in ZES patients.
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BAO basal acid output

BMI body mass index
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MAC medical acid control
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Figure 1. 
Flow diagram of Study Subjects
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Figure 2. 
Percent change in weight over time from baseline in medical acid controlled (MAC) group.
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Figure 3. 
Percent change in weight over time from baseline in surgical acid controlled (SAC) group 

divided by biochemical cure status
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Table 1

Baseline characteristics of ZES cohort, separated by medical acid control group and surgical acid control 

group.

Characteristics All Cases (n=60) MAC Group (n=30) SAC Group (n=20)

Mean age, years (SD) 56.9 (14.8) 58.4 (16.8) 57.2 (12.7)

Female (%) 33 (55.0) 17 (56.7) 12 (60.0)

White (%) 50 (83.3) 25 (83.3) 17 (85.0)

MEN (%) 20 (33.3) 12 (40.0) 2 (10.0)

Maximal extent of disease

 Locoregional lymph nodes (%) 24 (40.0) 5 (16.7) 15 (75)

 Liver metastases (%) 20 (33.3) 11 (36.7) 4 (20.0)

Cured (%) 8 (13.3) N/A 8 (20.0)

MAC: Medical acid control; SAC: Surgical acid control; SD: Standard deviation; N/A: Not applicable
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Table 2

Absolute change in weight from baseline in the medical acid control group over time.

Time* N Mean weight pre-acid control (SD) Mean weight post-acid control (SD) P value

0 30 171.0 (51.3) N/A N/A

6 29 170.4 (52.1) 179.9 (51.9) <0.001

12 16 164.1 (48.2) 175.2 (41.2) 0.001

18 11 161.4 (48.2) 179.6 (44.8) <0.001

24 13 164.1 (39.7) 179.2 (40.7) 0.003

*
Time in months; lbs: Pounds; SD: Standard deviation; N/A: Not applicable
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Table 3

Percent change from baseline weight in the medical acid control group over time.

Time* N Mean percent change from baseline weight post-acid control (95% CI) P value

6 29 6.4 (3.3, 9.4) <0.001

12 16 7.4 (3.1 11.7) 0.002

18 11 13.1 (6.6, 19.5) 0.001

24 13 10.0 (3.5, 16.4) 0.006

*
Time in months; CI: Confidence interval
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Table 4

Percent change from baseline weight in surgical acid control group over time.

Time* N Mean percent change from baseline weight post-surgical control (95% CI) P value

6 15 1.2 (−3.9,6.2) 0.628

12 14 8.4 (3.7, 13.1) 0.002

18 11 7.1 (2.4, 11.7) 0.007

24 10 3.3 (−4.7, 11.2) 0.378

*
Time in months; CI: Confidence interval
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