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Summary. Four patients with glucagon-producing
tumours of the pancreas were investigated. Fasting
plasma glucagon concentrations ranged from
209-625 pmol/l. Plasma insulin concentrations were
normal except in one patient, where the tumour also
produced insulin (558 pmol/l). Intravenous glucose
(25 g/m?) depressed the glucagon concentration in
two patients, while no change was noted in the
others. Intravenous arginine stimulated glucagon se-
cretion in three patients, but not in the fourth.
Intravenous somatostatin suppressed glucagon secre-
tion in all three patients investigated. All patients had
abnormally low plasma levels of individual amino
acids; glucogenic and branched-chain amino acids
were equally depressed. Surgical removal of the
tumours led to complete recovery from dermatosis
and the glucagon levels were normalized. Postopera-
tive tests were performed in three patients. The a-
cell responsiveness to iv glucose was restored. Glu-
cose tolerance (Kg-value) was improved in one
patient (0.73 to 1.65), persistently low in one patient
(0.75 to 0.72) and impaired in the third patient (1.35
to 1.09). It is concluded that none of these functional
tests will be of diagnostic value in cases suspected of
glucagonomas. The results also show that glucose
homeostasis is remarkably unaffected by the extreme
hyperglucagonaemia of these patients and that
hypoaminoacidaemia is an important consequence of
chronic hyperglucagonaemia.
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The first proven case of a glucagon-producing
tumour was reported by McGavran and associates in
1966 [1]. Such tumours were considered to be
extremely rare, until Mallinson et al. in 1974 col-
lected nine similar cases, and brought attention to the
association between glucagon-producing tumours of
the pancreas and the peculiar dermatosis, the ne-
crolytic migratory erythema [2]. This syndrome — the
glucagonoma syndrome — has since been recognized
in increasing numbers [3-5]. Few reports have dealt
with functional diagnostic tests in these patients [6,
7). The present report contains the results of such
studies in four patients, who all suffered from a typi-
cal glucagonoma syndrome, and who were all suc-
cessfully operated upon for glucagon-producing
tumours.

Material and Methods

The dermatosis and the clinical course of patients 1, 2 and 4 have
been described in detail [8, 9, 10] and patient 3 exhibited essen-
tially the same features. All suffered from necrolytic migratory
erythema [11, 12] for several years, and experienced weight loss,
elevated erythrocyte sedimentation rate, anaemia, and hyper-
glucagonaemia (case 1, 226 pmol/l; case 2, 560 pmol/l; case 3,
441 pmol/l; and case 4, 329 pmol/l; fasting values, upper normal
limit, 35 pmol/1).

The four patients (3 males, age 69, 67 and 62years and one
female, age 46a; % ideal body weight: 94,78, 115, and 96, respec-
tively) underwent intravenous glucose tolerance tests (25 g/m?2
body surface over 4 min) and an arginine infusion test (arginine-
HCI infused as a 10g/100ml solution, 0.5 g/kg over 30 min).
Patients 24 also received somatostatin, 250 ug as a bolus, and
750 ug as a constant infusion over 60 min. Patients 1 and 4 had a
glucagon test {1 mg glucagon, NOVO, iv) and patient 2 had an
insulin tolerance test (0.1 U/kg MC-insulin, NOVO, iv). From
patient 3, blood samples were obtained 3 times a day, the first
being obtained in the fasting state, over 5 consecutive days.

The samples were analysed for blood glucose [13] and plasma
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concentrations of insulin and glucagon as previously described [13,
14, 15, 16}. The antibodies used for radioimmunoassay of gluca-
gon were directed against the C-terminal sequence of the glucagon
molecule and did not crossreact with gut glucagons. By gel filtra-
tion on Sephadex G50 it was established that the hyper-
glucagonaemia was not due to immunoreactivity which coeluted
with proteins in the void volume (Big plasma glucagon [17]) but to
components with elution characteristics corresponding to those of
glucagon and so-called “proglucagon” {5, 9].

The concentrations of individual amino acids in the basal state
from each of the patients were determined by automated ionic
exchange chromatography. The following laboratories performed
the analyses: Medicinsk Laboratorjum ILtd, Copenhagen,
Denmark; department of clinical chemistry, University Hospital of
Lund, Sweden, and department of clinical chemistry, General
Hospital in Malmd, Sweden; department of clinical chemistry,
Dikemarck Hospital, Norway. The normal ranges given in table 2
represent the extremes of the (very similar) normal ranges from
each of the four laboratories.

In patients 1, 3, and 4 the exact localisation of the glucagon-
producing tumours was determined by selective pancreatic vein
catherisation and preoperative hormone analyses (see 10, 18, and
19 for detailed description). In patients 1 and 2 a tumour was
found in the tail of the pancreas, and hemipancreatectomy per-
formed. The tumours of patients 3 and 4 were located in the head
of the pancreas and could be enucleated. Two to six months after
the operation the glucose tolerance test and the amino acid infu-
sions were repeated in three and two of the patients, respectively.
The insulin test was repeated in patient 2.

The pathology of the tumours has been described previously [9,
10, 19]. They consisted mainly of glucagon-producing a-cells
although all were mixed. The tumour of patient 4 contained a large
number of insulin-producing cells, and several cells which con-
tained serotonin. The glucagon content of the tumours of patients
1 and 3 (measured radioimmunologically after acid-ethanol-
extraction) was 23 and 2.9 nmol/g tumour (wet weight) both well
above the glucagon concentration in normal pancreases obtained
at autopsy (approximately 1 nmol/g).
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Fasting blood glucose concentrations (median and
range of 3-5 determinations on separate days) in
patients 14 were 3.7 (3.7-4.0), 4.1 (3.8-4.2), 7.4
(6.4-7.8) and 4.8 (3.5-5.0) mmol/l respectively.
Under similar conditions, fasting plasma glucagon
concentrations were 226 (209-243), 560 (550-625),
441 (430-447) and 329 (319-485) pmol/! respec-
tively. Fasting plasma insulin levels were 42, 70
(63-116), 56 (49-77) and 558 (448-558) pmol/l
respectively. The results of the IVGTT are shown in
Fig. 1. The glucose assimilation constants (K,) [20]

respectively. The plasma glucagon concentrations in
patients 1 and 2 remained unchanged during the
IVGTT, whereas a decrease was noted in patients 3
and 4. Insulin secretion was strongly stimulated in
patients 1,2 and 4, and weakly stimulated in patient 3.

The results of the arginine infusion tests are
shown in Fig. 2 (in patient 2 only glucagon was meas-
ured). Arginine stimulated glucagon secretion
strongly in patients 24, but was without effect on
glucagon secretion in patient 1.

The somatostatin infusions performed in patients
2—4 (Table 1) dramatically suppressed plasma gluca-
gon and insulin concentrations. In two patients glu-
cose concentrations were depressed.
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Table 1. Somatostatin infusion test in 3 glucagonoma patients
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Patient no. 3 Patient no. 2

Patient no. 4

Sampling Glucagon Insulin Glucose Sampling Glucagon Insulin  Glucose Glucagon Insulin  Glucose
time min pmol/l pmol/1 mmol/1 time min  pmol/l pmol/l  mmol/l pmol/l pmol/l  mmol/l
-20 444 77 7.4 —-10 570 126 4.3 319 520 29
-10 430 70 7.4 0 550 105 4.1 339 455 3.5

0 401 84 72 5 370 70 34 365 445 32

10 172 35 7.2 10 400 42 3.5 47 260 3.1

20 109 28 72 20 255 28 3.6 53 300 2.0

30 <28 14 7.5 30 255 21 32 68 280 22

40 <28 21 7.4 40 200 35 2.9 107 300 2.5

50 52 28 6.6 60 200 28 2.6 146 335 2.8

60 143 35 7.2 90 200 7 2.6 149 390 4.2

Patients no.3 and 4 received synthetic linear somatostatin (Ferring, Sweden), and patient no. 2 synthetic cyclic somatostatin (Kabi,

Stockholm, Sweden), 250 pg as a bolus at “0” minutes and 750 pg as a constant infusion for 60 minutes

Table 2. Amino acids (umol/l) in plasma from 4 glucagonoma
patients

Patient
Amino acid Normal range 1 2 3 4
Alanine (200-550) 106 67 108 42
Arginine (65-140) 36 traces 49 n. d.
Omnithine (20-90) - 6 33 5
Citrulline (15-60) — traces 8 3
Aspartic acid (0-11) - - 13 n.d.
Asparagine (44-70) - 21 - 9
/> cystine (38-160) 15 traces n.d. n.d.
Glutamic acid ~ (11-190) 34 31 81 4
Glutamine (420-750) 176 133 39 134
Glycine (179-520) 123 68 102 69
Histidine (51-97) 22 34 39 -
Methionine (18-30) 39 traces 8 traces
Proline (75-290) 32 20 - n.d.
Serine (70-180) 53 51 66 17
Threonine (75-230) 26 23 33 2
Tryptophane (21-39) - - - 23
Valine (160-317) 87 74 82 n.d.
Leucine (80-176) 46 47 57 61
Isoleucine (40-99) 76 24 30 22
Lysine (150-218) 40 47 75 71
Phenylalanine  (42-70) 41 35 29 39
Tyrosine (40-90) - 18 20 18

n.d. = not detectable

The effect of 1 mg of glucagon injected intrave-
nously was investigated in patients 1 and 4. Both
responded with an increase in blood glucose to 60
and 42% above basal, respectively, the peak value
being reached 30 min after the injection. An insulin
tolerance test was performed in patient 2, in spite of
glucose concentrations of 1.8 mmol/l 60 min after the
injection, there was no increase in glucagon concen-
tration.

In patient 3 the concentrations of glucagon, insu-
lin, and glucose were measured in the overnight fast-
ing state and after a meal for 5 consecutive days.

Glucagon concentrations varied between
413-819pmol/], insulin concentrations between
49-126 pmol/l, and glucose between 3.6-8.4 mmol/
1, but there was no regular pattern and the insulin and
glucose concentrations could not be related to varia-
tions in glucagon concentration.

In patients 2—4 Zn* " and Cu™ " (only patient 3)
concentrations in blood and urine were determined.
The results were within the normal range.

The concentrations of individual amino acids in
plasma obtained in the fasting state are shown in
Table 2. The concentrations of glucogenic, ketogenic
(leucine) as well as the combined glucogenic and
ketogenic amino acids were all very low. The impor-
tant glucogenic amino acids alanine and glutamine
were both extremely low in all patients.

After Operation

After recovery, which was uneventful in all cases and
led to complete cure of the skin disease, some of the
above tests were repeated (Figs. 1 and 2). In patient
1 glucose tolerance had improved (K, = 1.65),
plasma glucagon levels were normalised, and marked
suppression of glucagon was noted after intravenous
glucose. Six months later the arginine test was re-
peated, but this time the glucagon values were again
pathologically increased, and arginine did not stimu-
late glucagon secretion. The patient is now being
evaluated for recurrence of his tumour. The der-
matosis has not reappeared.

Patient 2 had normal concentrations of plasma
glucagon postoperatively, but glucose tolerance was
impaired (K, 1.35 to 1.09); basal blood glucose was
normal. Glucagon values were suppressed by
intravenous glucose. Compared to the preoperative
results the insulin response to glucose was much
smaller in spite of an increased glycaemic stimulus. In
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this patient the insulin tolerance test was repeated
and judged by the glucose values, the tolerance to
intravenous insulin was unchanged after the opera-
tion; there was a slight increase in glucagon concen-
trations in response to hypoglycaemia (from 34 to
44 pmol/1).

Patient 3 also showed normal plasma glucagon
values, and responded with suppression of glucagon
secretion to the glucose tolerance test, and with
stimulation during arginine infusion. The hypergly-
caemia in the fasting state, however, remained
unchanged, and glucose tolerance was not improved
(K, = 0.72). The insulin response to intravenous glu-
cose was sluggish and late.

Patient 4 had normal basal levels of glucose,
glucagon, and insulin.

Discussion

The diagnostic functional tests described above were
carried out to investigate possible peculiarities in the
secretion of insulin and glucagon in patients with
glucagon-producing tumours. If abnormal results
were encountered, they might be interpreted as signs
of autonomy of secretion. The finding of a similar
pattern of secretion might be helpful in the diagnosis
of borderline cases, e. g. cases with only moderately
elevated concentrations of plasma glucagon, which
would not be diagnostic per se (e. g. as found in dia-
betes mellitus [21] or renal failure [22]). Lack of sup-
pression of glucagon secretion by glucose may be
found as in two of our patients, but an identical lack
of suppressibility is likely to be found in mild as well
as severe diabetes mellitus [21].

Arginine infusion stimulated glucagon secretion
in three patients, but was without consistent effect in
the fourth. The lack of effect of arginine is probably a
sensitive sign of pathological a-cell function, since all
normal subjects [23] respond with at least a doubling
of the peripheral concentration of glucagon. Dia-
betics show hyperresponsiveness to arginine [21].
The lack of effect of arginine is therefore highly sug-
gestive of autonomous secretion of glucagon and sup-
ports the suspicion of a glucagonoma. On the other
hand, most glucagonoma patients including our cases
2 to 4, respond actively to arginine [6, 7] and the test
is therefore a poor predictor of an a-cell tumour.
Somatostatin suppresses glucagon secretion in man
[24]. Lack of suppressibility with somatostatin would
be highly suggestive of pathological a-cell function.
In patients with a glucagonoma, however, somatosta-
tin may be as effective as in normal man [7, 25]. This
was confirmed in the present study.

Very low levels of circulating amino acids have
been reported in a number of glucagonoma patients
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[2] and were also found in our 4 patients (Table 2).
The hypoaminoacidaemia is probably a direct conse-
quence of glucagon hypersecretion. In normal sub-
jects the blood levels of amino acids are very sensi-
tive to even small elevations in glucagon concentra-
tion induced by infusion and maintained for several
days [26]. This seems to one of the few chronic
effects of hyperglucagonaemia, the hyperglycaemic
effect of which is evanescent [24].

The intravenous injection of 1 mg of glucagon to
patients 1 and 4 gave a completely normal hypergly-
caemic response. This shows that the glycogen stores
in the liver of these patients were normal, and that
the responsiveness of the liver to glucagon was also
undiminished in spite of persistent hyper-
glucagonaemia. These findings suggest that the sen-
sitivity of the liver to glucagon has been set to a new
level corresponding to the hyperglucagonaemia, so-
called down-regulation [27]. Further elevation of the
glucagon concentration in plasma (1 mg of glucagon
intravenously raises the plasma concentration of
glucagon well above 10,000 pmol/l) can then cause a
normal hyperglycaemic response.

The elimination of extreme hyperglucagonaemia
in our patients was without consistent effect on glu-
cose tolerance. The improvement of glucose toler-
ance of patient 1, which is in agreement with the
results of Lightman and Bloom [28], contrasts strik-
ingly to the postoperative impairment noted in
patient 2 who had, like patient 4, a normal K -value
preoperatively. An explanation for the postoperative
impairment of the glucose tolerance of patient 2
might be sought in the marked reduction of the insu-
lin response to glucose postoperatively (as a possible
consequence of reduced glucagon-stimulation). A
similar reduction was noted, however, in patient 1
whose glucose tolerance was improved. The insulin
responses of patient 3 were small and unaffected by
the operation, and may well be the cause of his glu-
cose intolerance which was equally unatfected by the
operation. The unchanged sensitivity to insulin of
patient 2 after the operation also points to the sur-
prisingly inconspicuous effect of hyperglucagonaemia
on glucose homeostasis in these patients.

Most, perhaps all, of the glucagon-producing
tumours of the pancreas are malignant although slow
growing [29]. The earliest possible diagnosis is there-
fore essential for adequate treatment of these
patients. Unfortunately, the only clinical pointer to
the diagnosis still seems to be the necrolytic migra-
tory erythema, which is probably a late symptom. All
the other components of the syndrome are either
non-specific (mild glucose intolerance, anaemia,
raised erythrocyte sedimentation rate, weight loss) or
unlikely to be encountered by routine screening
(hyperglucagonaemia and hypoaminoacidaemia).
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Our results suggest, however, that determination
of single amino acids (e. g. alanine) may be helpful in
suspected cases with atypical dermatosis [30] or only
slightly elevated glucagon levels, whereas none of the
tests described here are likely to be of any value. If
amino acid and glucagon determinations support the
diagnosis, the site of glucagon production may be
disclosed by selective pancreatic vein catheterisation
with sampling of blood for glucagon determination
by which a possible tumour may be precisely located
[18, 19]. This procedure, as illustrated by our patient
No. 1, may also be of value in the postoperative fol-
low-up, since recurrences may be disclosed early and
localised to facilitate surgical intervention.
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