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Streptozotocin Treatment of Malignant
Islet Cell Tumour

British Medical3Journal, 1970, 3, 562-563

Hypoglycaemia due to pancreatic islet cell tumours is usually
amenable to surgery, but in about 20% of cases the tumour
has metastasized or cannot be found at laparotomy (Marks
and Rose, 1965). The prognosis for such cases was greatly
improved by the introduction of diazoxide Drash and Wolff,
1964). The antibiotic streptozotocin has been shown to be a

powerful pancreatic betacytotoxin (Rakieten et al., 1963;
Arison et al., 1967; Junod et al., 1967), and its use in two cases

of metastatic insulinoma has been reported (Murray-Lyon et al.,
1968; Arnould et al., 1969). We describe a further case

successfully treated with streptozotocin.

CASE REPORT

A 50-year-old man presented in 1964 with episodes of behav-
ioural disturbance and altered consciousness due to hypoglycae-
mia. Laparotomy revealed a large tumour of the tail of the pan-
creas and two visible hepatic metastases. Distal pancreatectomy was
performed and histology showed a malignant islet cell tumour.
Postoperatively in-tractable hypoglycaemia persisted. Administration
of diazoxide (400 mg. daily) led to a dramatic improvement, but
over the next four years it was necessary to increase the dose to
600 mg. daily and add hydrochlorothiazide (100 mg. daily) to
prevent recurrent hypoglycaemia. In June 1968 his hypoglycaemic
attacks returned and became more frequent, despite diazoxide 600
mg. daily. On 28 September 1968 he was readmitted to the Royal
Free Hospital for observation and investigation. While under
observation three hypoglycaemic attacks occurred despite con-
tinued therapy with diazoxide and hydrochlorothiazide. It was there-
fore decided to try streptozotocin. The experimental nature of this
treatment was explained to the patient and accepted by him. The
response of his blood sugar and plasma insulin to this drug is
shown in the Chart.
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Effect of streptozotocin therapy on mean preprandial blood
sugar and plasma insulin levels.

Over a three-week period three intravenous infusions of strep-
tozotocin (2 g., 2 g., and 4 g.) were given. Immediately before use
it was dissolved in 500 ml. of normal saline. The first two
infusions were given over a period of two hours and the third
over one hour. Nausea and vomiting were experienced on each

occasion for a few hours. After the first infusion hypoglycaemic
attacks ceased, but no appreciable rise in blood sugar occurred
until after the 4-g. infusion. There was a small fall in plasma
insulin following this course of treatment. Nevertheless, prepran-
dial blood sugar levels of less than 50 mg./100 ml. were obtained
on several occasions, which made further treatment necessary.
At this stage only 4.5 g. of streptozotocin was available; because

of this the remainder was given in divided doses directly into the
coeliac axis. Three intra-arterial infusions of streptozotocin (1 g.,
2 g., and 1-5 g.) in 40 ml. of normal saline were given at five-day
intervals with an infusion time of 10 minutes. Nausea and vomit-
ing followed as with the previous intravenous therapy. On the day
before the first intra-arterial infusion diazoxide and hydrochloro-
thiazide therapy was discontinued; this resulted in an initial fall
of blood glucose and a rise in plasma insulin. Thereafter each
infusion was followed by a slight rise in blood glucose and a fall
in plasma insulin. There was a continued absence of symptomatic
hypoglycaemia.
No more streptozotocin was available at that time and the

patient was discharged free from symptoms on 21 December.
Within three weeks he was experiencing recurrent hypoglycaemic
attacks, but these were controlled temporarily by reintroduction of
diazoxide therapy at less than half the previous dosage. He was
readmitted on 9 March 1969 for a further course of treatment
with streptozotocin.
Over 14 days we gave seven infusions of streptozotocin (2-5 g.

dissolved in 30-100 ml. of saline) via the coeliac axis with an

infusion time of 10-15 minutes. Blood sugar rose progressively.
Diazoxide was stopped after the fifth infusion, when moderate
glycosuria and postprandial blood sugar levels of up to 180
mg./100 ml. were found. After this course of therapy his prepran-
dial blood sugar averaged 90 mg./100 ml.

Biochemical evidence of hepatic and renal injury appeared at
the conclusion of streptozotocin therapy but was not apparent
clinically. The serum aspartate transaminase and isocitrate
dehydrogenase rose. Arterial pH fell from 7 47 to 7-37 and the
standard bicarbonate from 28 to 18 mEq/l; the ability of the kid-
ney to acidify urine was depressed. There was a fall in serum

potassium, calcium, and inorganic phosphorus. Moderate protein-
uria and amino-aciduria were detected. Normal hepatic and renal
function returned during the next month and the serum electro-
lyte abnormalities were corrected.

Coeliac axis arteriography before this second course of intra-
arterial therapy showed dminished vascularity of the hepatic
metastases compared with three months previously. The diameter
of the hepatic artery (0.95 cm.) showed a slight increase. After
the completion of therapy the reduction in vascularity of the
hepatic metastases was even more pronounced, but they remained
visible and were unaltered in size. The calibre of the hepatic artery
was reduced and its diameter (0-8 cm.) was within normal limits
(Blendis et al., 1969).
The patient was followed up for six months. Absence of

hypoglycaemic symptoms continued, despite withdrawal of diaz-
oxide therapy. He felt well and had resumed full employment Blood
sugar levels in the near-fasting state continued to average 90
mg./100 ml. (range 65-120 mg.) and plasma insulin had fallen to a

mean level of 34 microunits/ml.

COMMENT

In the present case 2 g. (30 mg./kg.) of streptozotocin
intravenously did not alter glycaemia, and the response to 4 g.
(60 mg./kg.) was not impressive. Inadequate peak blood
levels due to slow administration may have been responsible.
Faster infusion into the coeliac axis seemed more effective.
The transient hepatic and renal injuries suggest that the mar-

gin between therapeutic and toxic doses may be narrow.
Plasma insulin levels fell after streptozotocin therapy but
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remained above the range to be expected with his blood
sugar values. A possible explanation is that some islet cell
tumours produce abnormal insulins which are biologically
inactive but not immunologically distinct (Samols, 1965).
The principal aim of streptozotocin therapy for malignant

insulinoma is the restoration of normoglycaemia. This has
been achieved in all reported cases. More radical therapy
with streptozotocin may be limited by toxicity, but infusion
into the coeliac axis may reduce the risk to tissues other than
the liver. Complete destruction of neoplastic tissue seems un-
likely in this patient, as high plasma insulin levels have
persisted.

ADDENDUM.-Since submission of this paper renal injury has
been reported in two cases of metastatic insulinoma treated
with intra-arterial streptozotocin (Sadoff, 1969). The drug was
given into the aorta, as attempts to catheterize the coeliac axis
were unsuccessful and high levels must have been produced in
the blood perfusing the kidneys. Since renal toxicity now seems
to be the main hazard of streptozotocin therapy, we consider
that selective coeliac axis infusion may be especially valuable.

We thank Dr. Charles Rosenbaum, of the National Cancer
Institute, U.SA., and Dr. Keith Taylor, of King's College Hospi-
tal, London, for supplying us with streptozotocin. We are grateful
to the Departments of chemical pathology and physics at the

Royal Free Hospital for their help with the numerous blood sugar
and plasma insulin estimations.
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Thromboembolic Pulmonary Hypertension
of Unusual Cause in a Teenager

British Medical Journal, 1970, 3, 563-564

We report the case of a young girl who had fatal thrombo-
embolic pulmonary hypertension, the site of thrombus for-
mation being multiple abnormalities of the pelvic and leg
veins.

CASE HISTORY
A girl aged 15 presented with swelling and aching of the right

leg. Examination showed generalized leg enlargement with no
signs of venous occlusion. She was believed to have an
arteriovenous fistula and treatment was not undertaken. Two
years later she had developed increasing breathlessness on exer-
tion. An x-ray picture of the chest showed bilateral apical shadow-
ing and some enlargement of the hilar glands. Tests for active
tuberculosis were negative, but despite this antituberculous treat-
ment was started. She developed pain and swelling of the left leg
and had pitting oedema, a tender calf, tenderness over the long
saphenous vein, and a positive Homans' sign. She also had tachy-
cardia, gallop rhythm, and an ejection systolic murmur best heard
in the pulmonary area.
Chest x-ray picture showed enlargement of the pulmonary

arterial trunk and main branches. The electrocardiogram
(E.C.G.) showed inversion of the T wave in leads Vl to V4, with
right bundle-branch block. Exploration of the femoral vein was
carried out. A thrombus extending at least 15 cm. proximal to the
inguinal ligament was removed, and failure to pass a Fogarty
catheter into the inferior vena cava suggested stenosis at the proxi-
mal end of the common iliac vein. After the operation she
remained unwell, dyspnoeic, and cyanosed. The venous thrombosis
was initially slow to settle but responded eventually to anticoagu-
lants. She was then discharged.
One month later she was in heart failure with a large "a" wave

in the jugular venous pulse. She was readmitted and right-sided
cardiac catheterization showed no evidence of a shunt, but consid-
erable pulmonary hypertension accompanied a greatly increased
pulmonary vascular resistance (see Table). An attempt was made
to pass a catheter from the right saphenous vein to the inferior

Right Heart Catheterization

Pressure
Site (mm. Hg.) Oxygen Saturation

Phasic Mean

Superior vena cava .. .. 64

Right atrium .av = 231 16 {51

Right ventricle .. .. 100/217
Main pulmonary artery .. 100/40 60 53

Right pulmonary artery .. 62

Inferior vena cava .. 66

Right femoral artery .. 106/84 95 98

Oxygen consumption 176 ml.'mmi. Body surface area 1-66 sq. m.
Cardiac output 2-0 1./min. Cardiac index 1-2 1./sq. m.
Total pulmonary resistance (P) 2,364 dynes/sec./cm.-' or 29-5 units (normal =

205 ±51; 26t±08).
Systemic resistance (S) 3,743 dynes/sec./cm.-' or 46-8 units (normal =1,130±180;

14-0 ±20).
P/S ratio = 0-63 (normal = 0 06).

vena cava, but it could not be passed beyond the pelvis because
of an apparent obstruction. A second catheter was passed from
above to the inferior vena cava and angiography was performed
(Fig. 1 A, and B). Grossly abnormal pelvic veins were shown.
The left iliac vein could not be visualized and the right vein
showed filling defects with large anastomotic vessels. A pulmonary
arteriogram was also obtained by injecting dye into the right
ventride. This showed severe narrowing of the pulmonary arteries
at the primary division, with good filling of the small arteries. A
diagnosis of thromboembolic pulmonary hypertension was made
and she was discharged home on anticoagulants.
Within a week she was again admitted with pain in the left

side of the chest and deep calf-vein thrombosis on the right side,
despite apparently well controlled anticoagulant therapy. Chest
x-ray examination showed areas of opacity in both mid-zones
and an E.C.G. showed further right ventricular strain and P
pulmonales. In an effort to prevent further emboli inferior
vena caval plication was performed. At operation the iliac veins
were represented by fibrous bands -and there were no normal
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