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Objective
To analyze the results of a prospective study of 176 patients
with Zollinger-Ellison syndrome (ZES) (138 sporadic, 38
MEN1) undergoing 207 operations over a 17-year period.

Summary Background Data
The existence of lymph node (LN) primary gastrinoma causing
ZES is controversial.

Methods
Three groups of patients were compared: LN only resected,
cured, and no relapse (likely LN primary); same criteria but
relapse (unlikely LN primary); and duodenal primary and LN
metastases (Duo-LN).

Results
Forty-five (26%) had only LN(s) as the initial tumor found.
Twenty-six of the 45 (58%) fit the definition of a likely LN pri-
mary because they were apparently cured postresection. At
10.4 � 1.2 years, 69% of the 26 patients with likely LN pri-
mary tumors have remained cured and have LN primaries. In
the 8 of 26 with recurrent ZES, it occurred at 5 � 1 years,
and 3 had duodenal gastrinoma that had been missed. Ten

percent (13/138) of all patients with sporadic ZES and 0%
(0/38) with ZES and MEN1 remained cured with only a LN
tumor removed. In patients with sporadic gastrinomas no clin-
ical, laboratory, or radiographic localization feature differed
among patients with likely LN primary (n � 16) and those with
unlikely LN primary (n � 6) or those with Duo-LN (n � 37). In
the likely LN primary group, the largest LN was 2.2 � 0.2 cm,
the number of LNs removed was 1.3 � 0.1 (25% �1 LN),
and 78% were in the gastrinoma triangle, which also did not
differ from the other 2 groups. Disease-free survival was simi-
lar in the likely LN primary group, patients with Duo-LN, and
those with pancreatic primaries.

Conclusions
These results support the conclusion that primary LN gastri-
nomas occur and are not rare (approximately 10% of spo-
radic cases). These results suggest that a proportion (25%) of
these tumors are either multiple or malignant. Because no
clinical, laboratory, or tumoral characteristic distinguishes pa-
tients with LN primary tumors, all patients with ZES undergo-
ing surgery should have an extensive exploration to exclude
duodenal or pancreatic tumors and routine removal of lymph
nodes in the gastrinoma triangle.

The existence of primary lymph node (LN) gastrinomas
is controversial.1–9Even though a literature review1 in 1994

identified 63 cases of apparent lymph node primary gastri-
noma, their existence and, if they occur, their characteristics
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remain unclear. This has occurred because most reports are
case studies, follow-up is limited, and surveillance of dis-
ease activity postresection is often not systematically done.
Furthermore, recent studies show that a secretin provocative
test is essential to rule out recurrence postresection, espe-
cially in patients with normal fasting serum levels of gas-
trin,10,11 and this was frequently not done. Therefore, con-
tinued disease-free status after only removal of an LN
gastrinoma, a criterion for diagnosing primary LN tumors,
was often not fulfilled.12

To address the issue of the possible existence of lymph
node primary gastrinoma and their characteristics, we ana-
lyzed our results in a large series of patients with possible
LN primaries who were found in our prospective study of
patients with Zollinger-Ellison syndrome (ZES) undergoing
surgery for potential cure.

METHODS

Since 1981 at the National Institutes of Health and 1997
at the University of California San Francisco, all patients
with ZES who underwent surgical exploration for possible
cure were eligible for this study. As of May 2002, 176
patients underwent surgical exploration and were included
in this protocol.

The diagnosis of ZES was based on acid secretory stud-
ies, measurement of fasting serum level of gastrin, as well
as the results of secretin and calcium provocative tests.10

Criteria for MEN1 in a patient with ZES have been de-
scribed elsewhere.13,14 Basal acid output was determined
for each patient using methods described previously.15

Doses of oral gastric antisecretory drug were determined as
described previously.16

Time from onset of the disease to exploration was deter-
mined for all patients as described previously.10,17 Time of
diagnosis of MEN1 or ZES was the time the diagnosis was
first established by appropriate laboratory studies or when a
physician established the diagnosis based on clinical
presentation.17,18

Specific Protocol

To be eligible for this study, all patients referred with a
diagnosis of possible ZES underwent an evaluation to es-
tablish the diagnosis of ZES10,18 and studies to determine
the suitability of surgical exploration for cure.14,19 These
latter studies included tumor localization studies, studies to
determine the presence or absence of MEN113,14 (because
only patients with MEN1 and ZES with tumors � 2.5 cm
underwent surgical exploration14), and studies to determine
the presence of other disease that might make surgery
contraindicated.

Of the 176 patients undergoing surgical exploration for
possible cure, patients with a possible LN primary gastri-
noma were analyzed in detail in this study. A possible LN
primary was as defined previously1,19 as occurring in a

patient whose only extrahepatic tumor resected was in LNs
and who was disease-free postresection. Disease-free (cure)
was defined as a normal fasting serum gastrin level, nega-
tive secretin test, and no tumor on imaging studies.10,19,20

Patients underwent evaluation for disease-free status imme-
diately postoperatively (i.e., 2 weeks postresection), within
3 to 6 months postresection, and then yearly.10,19,20 Yearly
evaluations included conventional imaging studies (CT, ultra-
sound, MRI, and angiography, if necessary); somatostatin re-
ceptor scintigraphy (SRS) since 1994; assessment of disease
status (acid secretory studies, fasting gastrin determinations x
3, secretin provocative test); and assessment of endocrine sta-
tus (parathyroid, pituitary, adrenal function).10,19,20

Patients with possible LN primaries were stratified into
two groups depending on the results of the long-term fol-
low-up studies: group 1 (likely LN primary), who remained
disease-free with no relapses; and group 2 (unlikely LN
node primary) who relapsed during follow-up. Relapse was
defined as described previously10,19 as occurring if a patient
was initially disease-free postresection and then became not
disease-free by developing an elevated fasting serum gastrin
level, positive secretin test, or positive imaging result on a
follow-up visit.10,19 Results from the two groups of patients
with possible lymph node primaries were compared to pa-
tients with duodenal gastrinomas with LN metastases (Duo-
LN), a group that they could easily be mistaken for.

The localization and the extent of pancreatic endocrine
tumors were evaluated in all patients as described else-
where21–23 by using upper gastrointestinal endoscopy and
conventional imaging studies (CT scan, MRI, transabdom-
inal ultrasound, selective abdominal angiography, and bone
scanning). Somatostatin receptor scintigraphy was per-
formed since 1994 using [111In-DTPA-DPhe1]-octreotide (6
mCi) with whole-body, planar, and SPECT views, as de-
scribed previously.24,25 At exploration, an extensive search
for endocrine tumors was performed.19,20,22,26 Briefly, pal-
pation and intraoperative ultrasound with a 10-MHz real-
time transducer was performed19 after an extended Kocher
maneuver. Since 1987, endoscopic transillumination of the
duodenum was performed27 and a 3-cm longitudinal duo-
denotomy was centered in the anterolateral surface of the
descending (second) duodenum to search for duodenal
tumors.19

Tumors in the pancreatic head were enucleated. Tumors
in the pancreatic body and tail were enucleated if possible;
otherwise, they were resected. Distal pancreatectomy was
not routinely performed and was done only if multiple
pancreatic body and/or tail tumors were present that could
not be enucleated.19,28 If multiple pancreatic head tumors
were present that could not be enucleated, a pancreaticoduo-
denectomy was performed if the patient had given prior
consent. A detailed inspection for peripancreatic, peridu-
odenal, or portohepatic LNs was carried out, and these were
routinely removed. If liver metastases were present and
localized, they were wedge-resected with a 1-cm margin, if
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possible; if this was not possible and they were localized, a
segmental resection or lobectomy was performed.29

Statistics

The Fisher exact test, the Student t test, the Mann-Whit-
ney test, and analysis of variance were used. For a post hoc
test, the Bonferroni/Dunn test was used. Values differing by
P � .05 were considered significant. All continuous vari-
ables were reported as mean � standard error of the mean.
The probabilities of survival were calculated and plotted
according to the Kaplan-Meier method.30

RESULTS

One hundred seventy-six patients with ZES underwent
attempted curative resection during the 21-year study pe-
riod; of these, 138 patients (78%) did not have MEN1 and
38 patients (22%) had MEN1. The 176 patients underwent
207 exploratory laparotomies; 149 patients had 1 explora-
tion, 25 patients had 2, and 2 patients had 3 and 5 laparot-
omies, respectively. Forty-five patients (26%) had only an
LN gastrinoma as the only extrahepatic tumor initially re-
sected and were candidates for having an LN primary gas-
trinoma. This compared to 82 patients (47%) having a
duodenal primary, 36 patients (20%) with a pancreatic pri-
mary, 11 patients (6%) with primaries in a nonduodenal-
pancreatic-LN location, and 11 patients (6%) with no tumor
found (Fig. 1).

Of the 45 patients with an LN gastrinoma as the only
extrahepatic tumor resected, 58% (26/45) had a possible LN

primary tumor. They were disease-free postresection of
only an LN tumor with a negative secretin test, normal
fasting gastrin level, and no tumor on imaging studies.1,19

The other 19 patients with LNs only resected at surgery
were not disease-free, suggesting that a primary tumor was
likely missed. This conclusion was supported by the find-
ings at a second operation (1.5–9 years later) in 6 of these
19 patients, in which 5 patients had a duodenal gastrinoma
found, and 1 a biliary tract primary gastrinoma.

In the 26 patients with a possible LN primary, each was
assessed yearly postresection for disease-free status. During
a mean follow-up of 10.9 � 1.2 years (range 1.2–19.9
years), 18 of the patients remained disease-free and are
considered to have an LN primary tumor. All of these
patients have been disease-free for at least 1 year postresec-
tion, 94% for at least 2 years, 72% for at least 5 years, 56%
for at least 10 years, and 22% for at least 15 years (Fig. 2).
In the eight patients with LNs only resected who were
disease-free postresection and then developed a recurrence,
the recurrences were detected a mean of 5.4 � 0.9 years
postresection (range 2–10 years). Four of the eight patients
with recurrences (patients 21, 23, 24, 26) had a second
exploration when tumor localization studies became posi-
tive.31 In three of these patients a duodenal gastrinoma was
found and in the fourth patient, with MEN1, a pancreatic tail
tumor was found but the gastrin staining was negative,
showing the gastrinoma primary was still unknown.

To determine whether any laboratory or clinical feature
had predictive value in identifying patients with LN prima-
ries, the characteristics of three groups of patients with
sporadic ZES (without MEN1) were compared (Tables

Figure 1. Distribution of patients with ZES dependent on surgical results. Of the 176 patients with ZES
undergoing exploratory laparotomy, 45 had an LN only removed, and 26 of the 45 patients (15%) were
disease-free postresection and had a possible LN primary. During follow-up with yearly assessment, 18
remained cured and had LN primaries. Of the eight patients with relapses, four were reoperated, with three
having a duodenal primary found that was missed at the first operation. The sites of the 11 primaries in other
locations was pyloric canal (n � 1), liver (n � 4), biliary tract (n � 2), jejunum (n � 1), ovary (n � 1), heart
(n � 1), and lung (n � 1).
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1–3). Specifically, patients with a likely LN primary without
relapse (n � 16) (group 1), unlikely LN primary with
relapse (n � 6) (group 2), or with a duodenal primary with
metastatic LNs (n � 37) (group 3), which could mimic an
LN primary if the duodenal tumor had been missed, were
compared. There were no significant differences among the
three groups in age at surgery, gender distribution, disease
duration from onset or diagnosis before surgery, basal or
maximal acid output, fasting serum levels of gastrin, or the
magnitude of the increase in fasting gastrin postsecretin
(i.e., delta secretin).

Conventional preoperative tumor localization studies (ul-
trasound, CT, MRI, selective abdominal angiography) did
not differ in sensitivity for localizing a tumor preoperatively
in patients with LN primaries (group 1), without LN pri-
mary (group 2), or with a duodenal primary with a meta-
static LN (group 3). In general for each, the relative sensi-
tivities were angiography � MRI, CT � ultrasound.
Localization results of functional tumor localization by
measuring gastrin gradients, either after secretin injection32

or by portal venous sampling,33 and tumor images by SRS,
did not differ in the three groups. Each of these localization

modalities was more sensitive than the other conventional
imaging studies.

There were no characteristics of the primary LN gastri-
noma (group 1) that distinguished it from patients without
an LN primary tumor (groups 2 and 3) who had metastatic
gastrinoma in LNs either from an unknown primary (group
2) or a duodenal primary (group 3). Specifically, in terms of
the size of the largest LN tumor, percentage with tumors
larger than 1 cm or larger than 2 cm, number of LN tumors,
or percentage with more than 1 LN tumor or more than 2
LN tumors, patients with an LN only resected who remained
disease-free (LN primary, group 1) did not differ from those
without a LN primary, including those who relapsed (group
2) or those with a duodenal primary with a metastatic LN
(group 3). Twenty-five percent of patients with an LN node
primary had multiple LNs resected (range 1–3), and in 75%
the LNs were in the gastrinoma triangle; these results are
not significantly different from the two nonprimary LN
groups (groups 2 and 3).

The effect of LN size and number containing tumor, as
well as tumor location, on disease-free survival was inves-
tigated using Kaplan-Meier analysis (Fig. 3). Whether only
one LN was found or more than one LN and the patient was
disease-free immediately postresection had no significant
effect on the long-term disease-free survival rate (P � .32).
Whether the largest LN was less than 2 cm in diameter or
more than 2 cm also did not have a significant effect on
long-term disease-free survival (P � .095). Lastly, the dis-
ease-free survival for the 26 patients with a possible LN
primary who were disease-free immediately postresection
did not differ from patients with a duodenal primary gastri-
noma with LN metastases or with a pancreatic primary only,
who were disease-free postresection (Table 4).

DISCUSSION

The existence of LN gastrinomas remains controver-
sial.1,3,5–9 If they occur, almost nothing is known about their
frequency, natural history, rate of long-term curability pos-
tresection, or preoperative and/or operative factors that pre-
dict their occurrence and help the surgeon identify them.

The purpose of the present study was to provide infor-
mation on each of these issues by analyzing these factors in
a group of patients with likely primary LN gastrinomas
identified from a large prospective study of patients with
ZES.14,18,34 While our results do not prove the existence of
primary LN gastrinomas, a number of findings certainly
provide strong support for their existence. The most impor-
tant finding is the identification of a group of patients who
had only LN gastrinomas resected and remained disease-
free for up to 20 years. Almost three quarters of this group
were disease-free for more than 5 years, 56% for more than
10 years, and 22% for more than 15 years. In a number of
the case reports in the literature1,3 of possible LN primaries,
the question of whether long-term cure actually occurred
could be raised either because postoperative follow-up was

Figure 2. Duration of follow-up after resection of a possible LN pri-
mary tumor. The 26 patients disease-free after resection of an LN tumor
only were evaluated yearly and assessed for disease activity. Shown is
the time from resection to the present for the 18 patients who remained
disease-free and the time to recurrence for the 8 patients who devel-
oped a recurrence (increased fasting gastrin, positive secretin test or
imaging studies).10 The location of primary tumor found in the four
patients with recurrence who were reoperated is listed.
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relatively short or because rigorous studies to establish
disease-free status were not performed. A recent study10

demonstrates it is essential to perform both fasting gastrin
determinations after stopping antisecretory drugs as well as
secretin provocative testing to unequivocally establish dis-
ease activity. Furthermore, one study,35 but not another,10

suggests serial imaging is also essential to establish disease-
free status in patients postresection of a gastrinoma. The
present study had none of these limitations. Patients were
followed yearly and long-term (up to 20 years), and at each
evaluation serial fasting gastrin levels, secretin provocative

testing, and multiple imaging studies (ultrasound, CT, MRI,
and since 1994 SRS) were performed. One could argue that
a microscopic primary tumor in an unknown location could
still exist, and we have no data that can completely refute
this. However, long-term disease-free survival greater than
10 years with negative yearly assessments by both a sensi-
tive tumor marker for gastrinoma (i.e., gastrin) as well as a
negative provocative test (i.e., secretin) argue for the like-
lihood that the LN gastrinoma was the primary. This con-
clusion is further supported by the fact that the recurrence
rate after identification of patients with a possible LN pri-

Table 1. PREOPERATIVE CLINICAL AND LABORATORY FEATURES

Characteristic

Group 1 Group 2 Group 3

LN Only Resected LN Only Resected Duodenal Gastrinoma

No Recurrence—Likely Primary ZES Recurred—Not Primary With Metastatic LN

Number 16 6 37
Age at surgery (yrs) 52.5 � 2.6 47.7 � 2.9 47.2 � 1.3
Male gender 11 (69%) 3 (50%) 20 (54%)
Time onset to surgery (yrs)* 7.4 � 1.4 5.3 � 2.2 6.8 � 0.8
Time diagnosis to surgery (yrs)* 1.2 � 0.3 3.0 � 1.5 1.9 � 0.5
BAO (mEq/hr)† 37 � 5 41 � 5 44 � 4
MAO (mEq/hr)† 55 � 8 64 � 9 69 � 6
Fasting serum gastrin concentration (pg/mL)

Mean � SEM 1,250 � 375 1,600 � 1,160 2,500 � 1,154
Median 662 626 647
[Range] [255–5,650] [326–7,400] [145–35,000]

� Secretin (pg/mL)‡
Mean � SEM 2,640 � 780 1,160 � 420 6,190 � 3,200
Median 930 1029 971

* Time of onset and diagnosis of ZES determined as described in text.
† BAO and MAO values for patients without previous gastric acid-reducing surgery are shown. Two patients in group 1 (LN primary) and 6 in group 3 (duodenal
gastrinoma � LN met) had previous gastric acid-reducing surgery.
‡ � secretin is the maximum increase in fasting serum gastrin after bolus injection of secretin (2 C�/kg).45

Table 2. PREOPERATIVE TUMOR LOCALIZATION STUDIES

Parameter

Group 1 Group 2 Group 3

LN Only Resected LN Only Resected Duodenal Gastrinoma

No Recurrence—Likely Primary ZES Recurred—Not Primary With Metastatic LN

(n � 16) (n � 6) (n � 37)

Ultrasound 12 0 22
CT scan 44 33 24
MRI 38 33 36
Angiography 62 67 50
Any conventional study* 87 83 83
Secretin angio/PVS† 81 83 72
SRS‡ 80 100 81

Data are given as % positive.
* “Any conventional imaging” refers to percentage of patients with a positive preoperative localization study with ultrasound, CT, MRI, or selective angiography in the

indicated group.
† Secretin angiography and/or PVS was performed in 14 patients in group 1, 6 in group 2, and 36 in group 3.
‡ SRS became available in 1994 and was performed in 5 patients in group 1, 1 patient in group 2, and 16 patients in group 3.
PVS, portal venous sampling.
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mary (disease-free immediately postresection) was not sig-
nificantly different from that of patients with pancreatic
primaries or duodenal gastrinomas with LN metastases.

Our data, suggesting LN primaries occur, are consistent
with results of two recent pathology studies reporting that
chromogranin or synaptophysin-positive cells can be found
in abdominal LNs of patients without gastrinomas.2,4 In one
of these studies2 20% of the LNs in the gastrinoma triangle
contained synaptophysin-positive cells and 15% contained
gastrin-containing cells in autopsy cases without ZES,
whereas none of the LNs from the axilla or inguinal area
contained positive staining. The histologic studies provide
support for the hypothesis that entrapment of neuroendo-
crine cells36 during development could lead to the develop-
ment of the primary LN gastrinomas we report in the
present study.

Our results support the conclusion that primary LN gas-
trinoma is not rare, as it occurred in 10% of our patients.
This frequency makes these gastrinomas approximately
one-fifth as frequent as duodenal gastrinomas, half as fre-
quent as pancreatic gastrinomas, and 1.5-times more fre-
quent than primary gastrinomas in nonduodenal-pancreatic
or LN sites such as in the biliary tract, liver, heart, lung,
ovary, gastric antrum, or omentum.34,37 These results sup-
port the conclusion that it is important for the surgeon to be
aware of the occurrence of primary LN gastrinomas and
supports the practice of routinely removing LNs at surgical
resection in patients with ZES.38

Our study demonstrates that approximately one third
(8/26) of patients identified immediately postoperatively as
fulfilling the criteria for having a possible primary LN
gastrinoma1 in fact do not have such a primary with careful

Figure 3. Disease-free survival for patients with or without an LN
primary. Data are plotted in the form of Kaplan-Meier for patients with a
possible LN primary (all three panels), duodenal primary with LN me-
tastases (lower panel), or with a pancreatic primary (lower panel).

Table 3. CHARACTERISTICS OF GASTRINOMA IN LYMPH NODES

[Group 1]

[Group 2] [Group 3]

LN Only Resected LN Only Resected Duodenal Gastrinoma

No Recurrence—Likely Primary ZES Recurred—Not Primary With Metastatic LN

(n � 16) (n � 6) (n � 37)

LN size (cm)*
Mean � SEM 2.1 � 0.2 1.7 � 0.7 1.9 � 0.2
% pts � 1 cm 81% 50% 70%
% pts � 2 cm 62% 17% 30%
[Range] [1–3.5] [0.5–5] [0.4–5]

Number*
Mean � SEM 1.3 � 0.2 2.3 � 1.3 2.9 � 1.5
% pts � 1 cm 25% 17% 30%
% pts � 2 cm 6% 17% 3%
[Range] [1–3] [1–9] [1–56]

Gastrinoma†
Triangle location 75% 83% 100%

(% pts)

* LN size is the diameter of the largest LN-containing gastrinoma.
† Gastrinoma triangle is defined the junctions of the cystic and common bile ducts superiorly, the junction of the second and third portions of the duodenum inferiorly, and
the junction of the neck and body of the pancreas medially.44
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follow-up. Each of these eight patients had a recurrence of
disease activity manifested by an elevated fasting serum
gastrin concentration while off all antisecretory drugs, a
positive secretin test, or positive tumor imaging. This con-
clusion was supported by the surgical findings at a second
laparotomy in three of the patients who were found to have
a small duodenal gastrinoma that was likely missed at the
initial surgery.

Unfortunately, our analysis revealed that no preoperative
clinical parameter (age, disease duration, gender) or labo-
ratory result (fasting serum gastrin level, basal or maximal
acid output level, or an increase in fasting gastrin level
postsecretin) distinguished patients with or without primary
LN gastrinomas. Specifically, none of the preoperative clin-
ical or laboratory parameters distinguished patients with an
LN only resected who were disease-free immediately pos-
tresection, who continued to remain disease-free and thus
likely had a primary LN tumor, from those who had recur-
rence and had an occult primary in another location. Fur-
thermore, similar results were found with a comparison to
patients with duodenal gastrinomas with LN metastases.
This comparison was made because duodenal gastrinomas
are small (frequently �5 mm) and missed at exploration,
whereas the accompanying LNs are frequently larger and
more easily found.7,8,20,39–41 Therefore, a missed duodenal
primary with detection of the LN is mostly likely to mimic
an LN primary. In fact, three of our patients with possible
LN primaries who relapsed had duodenal gastrinomas even-
tually found.

Similar to clinical and laboratory features, the results of
preoperative imaging studies (conventional [ultrasound, CT,
MRI, angiography], functional by measuring hormone gra-
dients either by portal venous gastrin sampling or after
secretin injection, or using somatostatin receptor scintigra-
phy with 111In-pentetreotide) did not distinguish LN prima-
ries from patients with LN only tumors with occult other

primaries or with duodenal tumors. It might have been
hoped that SRS, the most sensitive imaging modality avail-
able to localize gastrinomas or their metastases,23,24,42,43

might have distinguished patients with an LN primary or
another single primary gastrinoma from patients with LN
metastases and either a latent primary or a duodenal pri-
mary. However, our results are consistent with those of a
recent study23 that demonstrated SRS frequently (~50%)
misses primary duodenal gastrinomas less than 1 cm in
diameter and therefore may only localize the accompanying
positive LN.

Further, no characteristic of the LN-containing tumor
also allowed a primary LN tumor to be distinguished from
a metastatic LN. Specifically, neither LN size nor number
had predictive value. Furthermore, LN location did not help
in distinguishing a possible LN primary because they were
found in the gastrinoma triangle44 in more than 80% of the
cases, whether they were a primary LN tumor, LN tumor
associated with a occult primary, or associated with a duo-
denal primary. Therefore, there was no distinguishing fea-
ture of the LN at surgery that allowed the surgeon to suspect
that it might be a primary LN tumor or a metastasis. Fur-
thermore, in 25% of the cases of primary LN tumors, there
was more than one LN involved. This suggests LN primary
gastrinomas may occasionally be malignant or multiple.
Therefore, when more than one LN is found to be positive
for tumor, it should not necessarily be assumed that a
primary is being missed and more aggressive resection is
indicated. This finding further complicates the decision on
when a proximal pancreaticoduodenotomy should be per-
formed in a given patient.19,34

In conclusion, this study provides support for the conclu-
sion that primary LN gastrinomas exist and are not rare.
Because no clinical, laboratory, or tumoral characteristic
distinguishes these tumors, all patients with ZES undergo-
ing surgical resection for possible cure should have an
extensive exploration to exclude duodenal, pancreatic, or
extrapancreatic tumor and have routine removal of LNs
found, especially those in the gastrinoma triangle.44,45
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Discussion
DR. JAMES C. THOMPSON (Galveston, TX): One of the major problems

facing people who take care of patients with rare diseases is achieving
sufficient clinical experience needed in order to develop clinical wisdom.
A confounding problem in this disease is that when it was first discovered
only virulent cases, late in the clinical course, were recognized.

Drs. Jensen and Norton and Fraker and their colleagues at the NIH have
done us all a great service in amassing large numbers of patients with the
Zollinger-Ellison syndrome, collating their vast clinical data, and following
them for long periods, noting carefully the patterns of response to different
therapeutic regimens, and periodically publishing their findings, as we see
today. Only through their meticulous and painstaking efforts have we
begun to learn the natural history of the Zollinger-Ellison syndrome, and
we are in their debt. As to the present fine contribution, I would say, first
of all, that the authors can with full confidence remove the word “possible”
from their title.
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The first report of primary lymph node gastrinoma was, I believe, from
McGuigan’s group in Gainesville, published in The New England Journal
of Medicine, if my memory serves, in the late 1970s, three patients whose
symptoms abated with simple lymph node removal.

When that paper came out, we had had similar experiences. All in all, we
have had three cases out of 34 patients with the Zollinger-Ellison syndrome
who had their tumors limited to lymph nodes. All of them had at least two
lymph nodes involved. We reported that, I believe, in the SG&O.

The salient contribution here is that Dr. Norton and colleagues followed
their patients for 1.5 to nearly 20 years and found cures to persist in 70%
of those resected for cure. This, I believe, goes as far as you can go with
a clinical syndrome in proving Koch’s postulates.

I am surprised that they found no pattern of disease to be different in
those patients cured when their lymph nodes were removed versus those
patients who were not cured. And I have to ask about this lack of
difference. Was there truly no difference in tumor size? Have you tested the
tumors for ploidy or other DNA characteristics? Have you tested the
tumors for angiogenic factors? Have you tested them for genetic patterns of
tumor enhancement or tumor suppression, especially those genetic pro-
grams that either enhance or flummox apoptosis?

DR. LESLIE H. BLUMGART (New York, NY): Thank you very much, Dr.
Norton, for a very interesting and fascinating contribution. I just wanted to
ask one question. I noticed on one of your slides that you have 6% of
patients in whom the primary occurred in a site other than pancreas,
duodenum, or lymph nodes. Were any of those in the liver? I ask this since
we had a recent experience of one patient who appears to have had a
primary gastrinoma occurring within the liver. Do you believe that primary
neuroendocrine tumors can arise within the liver? Certainly, carcinoid
tumors can arise within the bile ducts. Do you think they can arise
primarily within the liver?

DR. MURRY F. BRENNAN (New York, NY): It is a great pleasure for me
to be asked to discuss a manuscript by Jeff Norton, and particularly to have
the opportunity to review the manuscript ahead of time. Dr. Norton
followed myself at the National Cancer Institute in 1981, and he has truly
made remarkable contributions, as Dr. Thompson mentioned, to the man-
agement of the Zollinger-Ellison syndrome. This current experience, a
17-year experience describing 176 Zollinger-Ellison syndrome patients,
would have made Drs. Zollinger and Ellison impressed, a real El Dorado
of opportunity. Dr. Norton asked the very challenging question of whether
primary lymph node gastrinomas exist, and argued persuasively that they
do. So it is a brave man that would question Dr. Thompson, Dr. Norton,
and my good colleague Dr. Blumgart.

Rarely fearful of controversy, I would like to raise a few questions, Dr.
Norton, to make the definitive conclusions perhaps more tenuous than you
would like us to believe.

The premise that lymph node primaries exist is based on an examination
of patients who had the lymph nodes only resected and do not relapse
subsequently. There are certainly theoretical objections to the possibility of
primary lymph node gastrinoma. For example, what are the cells of origin
within the lymph node? Have we seen neuroendocrine cells in the lymph
nodes? I know of one reference, although it has been suggested on one
occasion also that Merkel cell cancer and neuroendocrine cutaneous ma-
lignancy can occur primarily in lymph nodes.

This is remarkably parallel to the long-standing debate on whether
malignant melanoma can occur de novo in lymph nodes. Most people
believe not, although the occasional pigmented cell has been found in
lymph nodes.

The identification of metastatic melanoma and neuroendocrine tumors,
without a known primary, is well established, and these patients following
resection have a 50% 5-year survival!

The other problem Dr. Norton described well: what is recurrence?
Recurrence is the absence of gastrin, the absence of a positive secretin test,
and the absence of positive imaging. That is a reasonable way to evaluate
the presence or absence of recurrence. But how long do they not have to
occur?

Impressively, 72% of the patients were followed for more than 5 years.
But I remind that you in a recent manuscript from the Mayo Clinic, 65%
of the patients with node-positive islet cell carcinoma, a similar if not more
aggressive population than the gastrinoma, were alive at 5 years!

Five-year survival in the endocrine tumors is certainly not evidence of
cure. This would appear to be supported by the fact that patients that did
not recur had actually larger metastatic lymph nodes, although it may not
be significant, than those that recurred, suggesting an effect of removing
tumor burden, thereby delaying inevitable recurrence.

How would Dr. Norton explain the patient who has more than one
positive node? Do you mean, Dr. Norton, that primary gastrinoma can
occur in more than one lymph node at one time? Or are you suggesting that
the second lymph node is a metastasis from the first?

So we begin with 45 patients who have lymph nodes only removed; 26
are followed postoperatively, with negative evaluation; 18 remain disease-
free; of these 18, 72% have been followed 5 years, or 12 patients. As I
mentioned, 50% of node-positive melanoma are alive at the end of 5 years,
and 65% of node-positive islet cell tumors are alive at 5 years. If the same
was true, Dr. Norton, of primary gastrinoma, this would leave six patients
possibly of primary origin.

But 25% had more than one lymph node positive; i.e., four of the
patients would have to have had multifocal primary lymph node involve-
ment—truly a surprising event? If you allow me to exclude those four, we
have at best two beyond 5 years. And four of the total we know recurred
after 5 years.

I believe the argument that primary lymph node gastrinoma exists
becomes more tenuous. It is studies such as yours that will help resolve this
issue. But I would suggest biologically that the high probability that these
patients have an unknown primary would seem to be greater or as great.
And I would with great temerity, given who discussed this paper before
me, challenge the definitive conclusions of my very good friend and
suggest that it is a conclusion as yet ostensible rather than real.

DR. DANA K. ANDERSEN (Worcester, MA): I would ask Dr. Norton to
specifically comment on the subgroup of MEN1 patients with nodal but not
metastatic disease. If I understand these data, no MEN1 patient with lymph
node disease was cured in this series. Therefore, I would like Dr. Norton
to address whether the presence of lymph node involvement, either by
preoperative imaging or by intraoperative frozen-section analysis, is or
should be a contraindication to attempted removal of the pancreatic pri-
mary in the MEN1 patient.

DR. STEPHEN B. VOGEL (Gainesville, FL): I enjoyed Dr. Norton’s pre-
sentation and I would like to ask several questions directly related to the
concept of primary lymph node gastrinoma. In our series of Zollinger-
Ellison patients, we have performed three “blind” Whipple resections to
include the gastrinoma triangle, and in each of the three cases a small tumor
was found the wall of the duodenum. In our most recent case, a young lady
had two large lymph nodes demonstrated on octreotide scan. Prior endo-
scopic ultrasound showed no duodenal lesions, and we were unable to
palpitate any lesion in the duodenum at the time of surgery. In view of her
young age (30 years), we decided to resect the head of the pancreas, and the
final pathology demonstrated a 4-mm duodenal wall tumor. This tumor was
not demonstrated by octreotide scan.

My question is whether you would recommend a resection of the head
of the pancreas in any of your subsets of patients, either where no primary
is found in the head of pancreas or duodenum, or in the group whose serum
gastrin does not return to normal in the postoperative period. An alternative
to this approach is yearly follow-up with both CT examination and oct-
reotide scan. Have any of the patients with possible primary lymph node
gastrinomas shown up at a later date with primaries in either the duodenum
or the head of the pancreas? Thank you.

DR. JEFFREY A. NORTON (San Francisco, CA): I would like to thank each
of the discussants for their thoughtful and insightful comments.

In response to Dr. Thompson, I am encouraged by the fact that your data
are very similar to ours in that about 10% of patients had disease-free
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survival with only lymph nodes removed and all of them had more than one
lymph node. So I think that your observations support our data, adding
credence to the possibility of lymph node primary gastrinoma.

We didn’ t do any provocative or other experimental studies to try to
better determine characteristics of the lymph node primary tumor. I think
that that is also an important question. In the near future, we are performing
genetic and molecular biologic studies to try to answer these questions, but
we don’ t have the data as yet.

In response to Dr. Blumgart, we have also seen liver primary gastrinoma.
That is also controversial. We think that these tumors may be bile duct
primary gastrinomas.

In response to Dr. Brennan, there are two papers in the literature where
there is proof of endocrine cells in lymph nodes around the head of the
pancreas. In one (references 2 and 4 in the accompanying paper) from the
Mayo Clinic, they sampled lymph nodes from Whipple resections for
diagnoses other than gastrinoma. They did meticulous immunohistochem-
ical studies for gastrin and found some gastrin-positive cells in normal
lymph nodes. There is a second more recent study in which they examined
similar specimens and stained for chromogranin A and also neuron-specific
enolase as markers for ectopic endocrine cells in normal lymph nodes. Both
studies suggest that there are nests of endocrine cells within lymph nodes.

I think that the major difference between gastrinoma and melanoma is
that in gastrinoma, we have a very sensitive marker of tumor recurrence.
We have shown unequivocally that the secretin test to stimulate serum
gastrin levels is a very sensitive marker of recurrent gastrinoma. If that test
is not abnormal and only a lymph node gastrinoma has been removed, we
feel very confident that a lymph node primary tumor exists. I think that
lymph node primary tumors do metastasize to other lymph nodes. The only

other possibility is that lymph node gastrinomas occur in multiple sites.
Those are the two possible answers to the question why more than one
lymph node is involved.

In response to Dr. Andersen, in the MEN1 patients with ZES, none of the
patients were cured. We have demonstrated in other studies that nodal
metastases do not affect survival and the cure rate with nodal metastases is
the same as found without nodal metastases. So I think that the presence of
nodal metastases is not a reason to do a major cancer operation like a
Whipple procedure to resect a primary tumor, unlike other tumors that are
more aggressive. We and others have shown that these tumors are fairly
benign and patients live a long time with them.

That leads to Dr. Vogel’s comments. It is always a concern that we are
missing duodenal primary gastrinomas. We have opened the duodenum
and meticulously explored it in every single patient since 1987. Pipeleers-
Marichal et al. reported in The New England Journal (1990; 322:723–727)
about small primary duodenal gastrinomas that are 2 to 4 mm in diameter,
just as Dr. Vogel described. So I agree that it is possible that we are missing
some of these small tumors.

We haven’ t advocated a Whipple resection for patients with minimal
disease because our 10-year actual survival for patients in this study is
95%. Further, if we have either a lymph node tumor removed or a primary
tumor with a lymph node metastasis, there is no change in the actual
survival.

We think that the rate-limiting step on survival is liver metastases. If we
don’ t have liver metastases, we have no deaths from gastrinoma. So that is
why we haven’ t advocated a Whipple. But I share your concern. If we
could do Whipple procedures safely with minimal long-term morbidity, it
would be worth studying in these patients.
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