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1. Clinical Aspects of Growth Hormone Hypersecretory

States

M. O. Thorner, M. L. Hartman, M. L. Vance

Division of Endocrinology, Department of Internal Medicine, University of Virginia, School of Medi-

cine, Charlottesville, Virginia, USA

Growth hormone (GH) is secreted by the
anterior pituitary and the pattern of secre-
tion in both human and animal species is
pulsatile [6, 19]. Thus, there are episodes of
enhanced growth hormone secretion which
occur at varying intervals. At present it is
not clear whether growth hormone is toni-
cally secreted between secretory bursts or
whether it is only secreted episodically.
Episodic growth hormone secretion is
thought to be mediated by dual stimulation
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Fig. 1. Schematic representation of the postu-
lated rhythmic secretion of SS and GHRH into
hypophyseal-portal blood, with the net result on
GH secretion, as observed in plasma. SRIF
somatotropin release inhibiting factor, GRF
growth hormone releasing factor, GH growth
hormone. (Reproduced by permission from [18])

by hypothalamic growth hormone releasing
hormone (GHRH) associated with a reduc-
tion in the tonic secretion of somatostatin
(growth hormone release inhibiting hor-
mone: SS) [18, 22]. Evidence from animal
studies indicates that pulses of growth hor-
mone secretion require GHRH, since pas-
sive immunization with antibodies to
GHRH abolishes these GH bursts [24]. In
contrast, basal growth hormone secretion is
apparently tonically inhibited by somatosta-
tin since passive immunization with an-
tibodies to somatostatin leads to an increase
in basal GH secretion [25]. The exact nature
of hypothalamic secretion of somatostatin
and GHRH is speculated to be reciprocal
(Fig. 1) [18, 22]. This hypothesis has been
supported by direct sampling of hypo-
physeal-portal blood in rats [12].

Growth hormone secretion is also regu-
lated by peripheral factors which feed back
at the hypothalamic and pituitary levels.
Somatomedin-C (insulin-like growth factor
I: IGF 1) secretion is regulated by growth
hormone when the nutritional state is ade-
quate. IGF I feeds back at the pituitary and
the hypothalamic level to inhibit growth
hormone secretion. It is also likely that
many other hormonal and metabolic factors
feed back on growth hormone secretion and
this has been extensively reviewed by
Reichlin [13].

Growth Hormone Hypersecretory States

Growth hormone secretion is tightly regu-
lated. The secretion of growth hormone
varies with developmental stage, age,
gonadal function, and sex. At birth growth
hormone secretion is high, declines over the
first few weeks of life, remains low through-
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out childhood, and increases at the time of
puberty. Growth hormone secretion is
greater in women than in men [6]. As indi-
viduals age growth hormone secretion is
said to decline. Additionally, growth hor-
mone secretion is enhanced in under-
nourished individuals [17], while in obese
subjects growth hormone secretion is sup-
pressed [26]. In a study which we performed
several years ago, we examined the pulsatile
secretion of growth hormone in normal
adults who were categorized as young or
older depending on age. Since all subjects
were of normal weight, we were able to
examine the effects of age, sex, and gonadal
function on the pattern of growth hormone
secretion. Using stepwise regression
analysis, we observed that the single most
important determinant of growth hormone
secretion, characterized as area under the
curve, amplitude of growth hormone
pulses, or fraction of growth hormone se-
cretedin pulses, wasthe circulating total free
estradiol concentration [6]. The serum tes-
tosterone level did not correlate with these
parameters of growth hormone secretion.
We therefore believe that estradiol is very
important in regulating growth hormone
secretion in man.

Growth hormone hypersecretory states
may, rarely, reflect either end organ resis-
tance to growth hormone’s actions, as in
Laron dwarfism, or poor nutritional states
such as are seen in protein-calorie malnutri-
tion [17], or anorexia nervosa. However,
the diagnosis of these states is usually obvi-
ous since the child either does not grow (in
Laron dwarfism), or the appearance of a
malnourished individual is clearly obvious.
Similarly, in patients with diabetes mellitus,
growth hormone secretion may be high but
this is usually associated with normal or low
somatomedin-C levels. In this meeting we
are concerned with inappropriate hyper-
secretion of growth hormone which causes
the clinical syndrome of acromegaly. In this
situation growth hormone levels, in both
the basal state and after ingestion of oral
glucose, are high. Additionally, serum
somatomedin-C levels are elevated. Thus,
the patient who presents with symptoms
and signs of acromegaly, who does not have
diabetes mellitus, renal failure, or hepatic
failure, who has high GH and somatome-

M. O. Thorner et al.

din-C levels, and lack of GH suppression to
< 2 ng/ml after ingestion of oral glucose
(e.g. 50 or 100 g) is, by definition, consid-
ered to have acromegaly.

The etiology of acromegaly is either
hypothalamic, pituitary, or ectopic disease.
Below we will discuss each, but it should be
pointed out that more than 99 % of cases of
acromegaly are a result of a primary pitui-
tary tumor [20].

Occasionally acromegaly is a result of a
gangliocytoma of the hypothalamus which
secretes GHRH [2]. Neuronal tumors were
described on one occasion as having grown
down the pituitary stalk and having given
rise to a pituitary tumor which surrounds the
GHRH-secreting neurons. Since there are
less than ten reported cases of this syndrome
in the world literature, this must be consid-
ered an extremely unusual cause of acro-
megaly.

The most common cause of acromegaly is
a pituitary tumor. In the past, the diagnosis
of acromegaly was usually delayed by at
least 15 years after the onset of symptoms of
the condition. More recently, with an in-
creased awareness of the symptoms, signs,
and the ease of diagnosis, the disorder is de-
tected much earlier. Thus, while previously
most cases were often diagnosed in the
fourth or fifth decades of life, now more
cases are being diagnosed in the second and
third decades. As discussed below, this
should greatly improve the prognosis in
such patients. The tumors may be solely
growth hormone secreting, or may secrete
both growth hormone and prolactin. Rare-
ly, a tumor may secrete multiple anterior
pituitary hormones including the glycopro-
tein hormones [9]. The classification is
based not only on the patient’s hormonal
profile but, more recently, on the results of
immunocytochemical studies of the tissue
removed at operation.

Very rarely acromegaly.is caused by
peripheral tumors which secrete growth
hormone releasing hormone 16, 21]. In this
situation somatotroph hyperplasia occurs
and careful morphologic examination of the
pituitary tissue does not reveal a discrete
pituitary tumor. The characteristics of
somatotroph hyperplasia include: 1) inter-
mingling of other pituitary cell types among
a preponderance of somatotrophs; 2) reten-
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tion of reticulin fibers within the pituitary so
that the pituitary is still divided into acini;
and 3) electron microscopic appearance of
the somatotroph demonstrating stimulation
of hormone synthesis and release indicated
by well-developed Golgi apparatus and
rough endoplasmic reticulum with the cells
filled with secretory granules [21]. There
have been between twenty and thirty cases
in the world literature describing this syn-
drome. It should be noted that the isolation
of the growth hormone releasing hormone
was achieved from two tumors removed
from patients with acromegaly secondary to
ectopic GHRH secretion [5, 15, 16, 21].

The laboratory diagnosis of acromegaly
will be discussed in the next chapter. How-
ever, in order to distinguish ectopic GHRH
production as a cause of acromegaly it is
necessary to measure the plasma GHRH
level. Since ectopic GHRH secretion occurs
in less than 1% of acromegalic patients, it
might be argued that this investigation
would be of low yield. However, for the pa-
tient who has ectopic GHRH as a cause of
acromegaly it is important that this diag-
nosis be made prospectively. We have been
involved with the prospective diagnosis of
one such patient and this avoided unneces-
sary pituitary surgery.

The incidence and prevalence of acro-
megaly is difficult to assess and Christy and
Warren report that in the USA 250 to 300
new cases are diagnosed annually [3]. The
reported incidence and prevalence was 3
per million per year and 40 per million, re-
spectively, in the Newcastle region of Eng-
land [1]. In general, it is considered that
tumors secreting ACTH giving rise to Cush-
ing’s disease are the most infrequent of the
anterior pituitary tumors, and acromegaly
or somatotroph adenomas are the second
least common.

Clinical Symptoms and Signs

Patients with acromegaly have a gradual
progression of symptoms and signs. It is for
this reason that the diagnosis is often missed
for many years. The symptoms usually
begin insidiously and the changes in the
body occur so slowly that the patient may
not even notice them until complications
develop (Fig. 2). The symptoms can be a re-

sult of the pituitary tumor itself, in which
case the patient develops headaches and/or
visual disturbances which may either be a
visual field defect, or diplopia from external
ophthalmoplegia. Hypopituitarism may
occur if the tumor is very large; gonadal dys-
function is much more frequent than
hypothyroidism and hypoadrenalism. More
commonly, however, the patient presents
with symptoms due to the effects of long-
standing overproduction of growth hor-
mone. If the patient develops the condition
prior to puberty, there may be excessive
growth, a condition which is termed gigan-
tism. More commonly, the condition occurs
after puberty and the patient develops en-
largement of the hands and feet; rings be-
come tighter, cannot be removed and may
have to be cut off. The increased hand and
finger size may cause difficulty with per-
forming fine tasks such as picking up a pin
from the floor. Glove size also increases.
Similarly, shoe size increases, particularly
the shoe width. Head size increases and for
those who wear hats, there is an increase in
hat size. Similarly, joint pain from acceler-
ated osteoarthrosis may be the presenting
symptom and may be misdiagnosed as “ar-
thritis”. The high levels of growth hormone
are associated with excessive sweating and
thus patients notice that they sweat more,
particularly from the face, hands, and feet.
Hyperhidrosis is sometimes the presenting
symptom. Similarly, the increased soft tis-
sues may lead to compression of the median
nerve giving rise to carpal tunnel syndrome.
The high growth hormone levels are
diabetogenic and the patient may present
with mild diabetes mellitus. Mild hyperten-
sion is also common. General organo-
megaly occurs and, in the late stages of the
disease, a cardiomyopathy may occur giving
rise to heart failure. The increased growth
of the lower jaw causes prognathism and
larger spaces between the teeth. The resul-
tant malocclusion leads to temporoman-
dibular arthritis. The tongue also becomes
enlarged and may give rise to obstructive
sleep apnea. ’

The increased soft tissue and bone mass is
associated with an increased incidence of
osteoarthrosis. This is particularly severe in
the hips and knees, which results in con-
siderable morbidity.
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Fig. 2. The change in facial appearance of a patient with acromegaly taken over a thirteen-year period.
The development of an acromegalic appearance is seen, with enlargement of the supraorbital ridges
and nose, thickening of the lips and generalized coarsening of the features. (Reproduced by permission
from [23])
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Table 1. Clinical and laboratory findings in 57 pa-
tients with acromegaly®

Finding Present/Total
Recent acral growth 57157
Arthralgias 41/57
Excessive sweating 52/57
Weakness 50/57
Malocclusion 39/57
New skin tags 33/57
Hypertension (blood pressure >150/95)  21/57
Carpal tunnel syndrome 25/57
Fasting blood sugar >110 mg/dl 17/57
Abnormal glucose tolerance test

(>6.1 mmol/l) 39/57
Heel-pad thickness >22 mm 48/53
Prolactin >25 ng/ml 8/51
Serum phosphorus >4.5 mg/dl

(>1.5mmol/1) 26/54
Sella volume >1300 mm? 55/57

Thyroxine <4.1 pg/dl (<53 nmol/1)° 0/57
Testosterone (males) <300 ng/ml) 7/30
8 am cortisol <8.0 pg/dl (<0.2 pmol/1) 2/57

2 Reprinted by permission from [4]
® 11 patients were receiving thyroxine replace-
ment at the time of study

The signs of acromegaly include the typi-
cal facial appearance with soft tissue thick-
ening, greasiness of the skin, coarse fea-
tures, increased breadth of the nose,
thickening of the lips, macroglossia, and
prognathism. In women, mild hirsutism
may also occur. Examination of the hands
shows them to be spade-like hands with sau-
sage-like fingers. There may be thenar wast-
ing, weakness of abduction of the thumb
and loss of pinprick sensation in the dis-
tribution of the median nerve, particularly
on the palmar surface as a result of carpal
tunnel syndrome. Examination of the chest
and abdomen may reveal organomegaly.
The thyroid gland may also be enlarged
either symmetrically or with nodules. The
skin-fold thickness is often increased, and
the skin, particularly the palms of the hands
and soles of the feet, is often moist from
hyperhidrosis. Multiple skin tags are fre-
quently present. The testes may also be in-
creased in size in male acromegalic patients.
The condition of the lower extremities is
usually relatively normal with the exception
of signs of arthritis, particularly in the
knees, and restricted movement of the hip

from osteoarthrosis. The feet are often en-
larged, with increased soft tissue thickening
and an increase in the heel-pad thickness.
The relative frequencies of these clinical
findings are demonstrated in Table 1.

Complications — Short- and Long-Term

The metabolic complications of acromeg-
aly, including chemical or clinical diabetes
mellitus, hypertension, increased hydroxy-
proline excretion, and increased collagen
turnover, are all a result of the high levels of
growth hormone. When GH secretion is re-
stored to normal by removal of the pituitary
tumor or ectopic GHRH-secreting tumor,
or by medical means, these metabolic para-
meters return to normal. However, there
are a number of long-term complications
which occur as a result of the excessive
growth of the bones. Thus while osteoar-
throsis is often ameliorated by treatment,
the joints are not restored to normal. In ad-
dition, the compressive symptoms on the
optic chiasm are often improved when this s
decompressed by removal of the pituitary
adenoma or reduction in tumor size during
medical therapy. However, if there has
been long-term compression of the optic
chiasm, then full restoration of vision may
not be possible.

The precise nature of the heart disease as-
sociated with acromegaly is not entirely
clear. In patients with long-standing un-
treated acromegaly, congestive heart fail-
ure is a common cause of death. However,
since these patients often have hypertension
and/or diabetes it is difficult to determine
whether the cardiac disease is secondary to
these associated diseases or to a specific
effect of growth hormone. No specific
pathological findings have been dem-
onstrated at autopsy [10]. However, as
summarized by Reichlin [13], cardiac en-
largement can be found by echocardiog-
raphy in virtually all acromegalics, whether
or not they are hypertensive or have
ischemic heart disease. Impaired left ven-
tricular function is present in some but not
all cases. The severity of these abnor-
malities does not consistently correlate with
GH levels and they may persist after resto-
ration of normal GH secretion.



One recent study prospectively identified
an increased incidence of colonic polyps in
acromegalic patients (9 of 17 had polyps)
raising the concern that these patients may
be at increased risk for development of
colon cancer. A retrospective review of 44
patients with acromegaly by the same au-
thors identified four cases of colon cancer
[8]. Two other recent studies have shown an
increased incidence of gastrointestinal
malignancies in acromegalics. Three of
twelve patients had colon cancer in one
series [7] and of 48 acromegalics in a second
series, two had gastric cancer and three had
colon cancer [11]. However, the largest sur-
vey of mortality in acromegaly (194 pa-
tients) did not find an excess mortality from
malignant neoplasms [27].

Prognosis

At least one study has shown that the mor-
bidity and mortality of acromegalic patients
is worse than for the general population.
The twofold increase in mortality rates was
associated with hypertension and clinical
but not with chemical diabetes. In male pa-
tients, there was an increased number of
deaths due to cardiovascular and respira-
tory disease, while cerebrovascular and
respiratory deaths were more common in
female patients [27]. Unfortunately there
are no studies to demonstrate that treat-
ment of the condition leads to a reduction in
this increased morbidity and mortality al-
though, a priori, one would predict that re-
versal of the adverse metabolic effects of ex-
cessive GH secretion would be likely to pre-
vent progression of the disease and, in fact,
lead to regression. This regression is man-
ifested by reduced soft tissue swelling, di-
minished sweating, and restoration of nor-
mal glucose tolerance. These changes might
be expected to indicate a return to a normal
prognosis in terms of morbidity and mortal-
ity. The advent of increased awareness of
the symptoms and signs of acromegaly, the
ease of diagnosis, the increased precision of
determining the correct etiology, the advent
of modern transsphenoidal neurosurgical
techniques (which demonstrate that the
smaller the tumor at the time of operation

M. O. Thorner et al.

the better the prognosis) and the use of
radiotherapy, dopamine agonist therapy,
and now somatostatin analog therapy all
bode well for animprovement in the quality
of life of acromegalic patients as well as in
their life expectancy.
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The diagnosis of acromegaly is usually made
on the basis of clinical features and an ele-
vated basal growth hormone (GH) level.
Most cases have an abnormal pituitary fossa
on skull x-ray. In situations in which basal
GH levels are normal, or marginally ele-
vated, a failure to suppress plasma GH be-
low 2 pg/l during an oral glucose tolerance
test is used to confirm the diagnosis. During
the investigation of acromegalic patients, it
has been found that hyperprolactinaemia is
present in between 20 to 60% of patients [3,
13], and that the dynamics of growth hor-
mone release may be abnormal. A lack of
suppression or a paradoxical rise in GH
secretion following glucose ingestion occurs
in roughly 90% of patients [12]. A rise in
GH following stimulation with thyrotropin
releasing hormone (TRH) is found in 50 to
60% of cases[4, 16] and anincrease in GH in
response to luteinizing hormone releasing
hormone (LHRH) stimulation is found in
20 to 30% of cases [2, 15].

The high correlation between the in-
crease of GH following TRH and the sup-
pression of GH by a dopaminergic drug
such as bromocriptine [7] suggests that the
TRH test may be helpful in predicting the
response to therapy. The value of provoca-
tive tests in the diagnosis of patients with ac-
romegaly is, however, questionable.

In the present study, a comparison was
made of the results of preoperative evalua-
tion of the GH response to an oral glucose
tolerance test, TRH and LHRH stimula-
tion, and insulin-induced hypoglycaemia
and measurement of basal serum prolactin
(PRL) levels with the results of pituitary his-
tology. The purpose of the study was to de-
termine if preoperative investigation could
predict the histological outcome in patients
with acromegaly and also to determine if the

histology of the GH-secreting adenoma in-
fluenced the surgical outcome.

Patients

Fifty patients with proven acromegaly had
adequate pre- and postoperative evalua-
tion. The preoperative studies consisted of
at least 6 growth hormone levels taken fast-
ing between 8 and 9 a.m. on different occa-
sions along with the GH response to oral
glucose loading, stimulation with TRH,
LHRH and insulin-induced hypoglycae-
mia. Glucose tolerance tests were not car-
ried out in patients with pre-existing dia-
betes mellitus, and insulin hypoglycaemia
was not attempted in patients on insulin
therapy. Postoperative studies consisted of
assessment of basal fasting growth hormone
along with at least three provocative tests.
These studies were carried out one month
after surgery and at annual intervals during
follow-up.

Radiological studies included skull films
and, in some of the earlier cases, tomog-
raphy of the sella and air encephalography.
The remaining cases were studied by com-
puted axial tomography.

The GH response to a 75 g oral glucose
load was studied at —30, 0, 30, 60, 120, 180,
and 240 min after glucose ingestion. The
GH, TSH and PRL response to 200 ug of
TRH was studied at —30, 0, 20, 40, 60, and
90 min and the GH, LH and FSH response
to 100 pug of LHRH was studied at —30, 0,
30, 60, 90, and 120 min. Hypoglycaemia
was induced by 0.2 U/kg of regular insulin
given intravenously with glucose, cortisol
and GH determinations at —30, 0, 30, 60,
90, and 120 min. Adequate hypoglycaemia
required a fall in blood glucose of at least



10

50% from baseline levels or a fall to less
than 2.5 mmol/l.

Pathology

All tumours were studied histologically, by
immunocytochemistry and electron micros-
copy. In selected cases, tumours were also
studied by immunoelectron-microscopy
(Protein A gold technique).

Results

The pathological findings on examination of
the pituitary tissue in these 50 patients re-
veal 6 tumour types. 1) Tumours consisting
of densely granulated GH cells contained
medium sized, well-differentiated cells with
uniform nuclei and well-defined rough en-
doplasmic reticulum (RER) and Golgi.
There are abundant, large, electron-dense
secretory granules (350 to 600 nm). 2) The
sparsely granulated GH cell adenomas con-
tain cells of variable size and irregular
shape. There is abundant cytoplasm with
scattered RER, a prominent Golgi appara-
tus and a conspicuous juxtanuclear spheri-
cal body consisting of microfilaments (fi-
brous body). The sparse secretory granules
measure less than 250 nm. 3) The mixed
GH and PRL cell adenomas are bimor-
phous, consisting most commonly of
densely granulated GH cells and sparsely
granulated PRL cells. 4) The mammosoma-
totroph cell adenomas consist of well-dif-
ferentiated tumours with fine structural fea-
tures similar to densely granulated GH cell
adenomas. The size of the secretory
granules may be up to 2000 nm. The distin-
guishing marker is the presence of granule
extrusions which in the human gland appear
to signify PRL production. 5) The acidophil
stem cell adenoma is monomorphous,
sparsely granulated and often markedly on-
cocytic. The cells may show morphologic
differentiation toward PRL cells (granule
extrusion) as well as toward GH cells (fi-
brous bodies). Unique, giant mitochondria
are frequently seen. 6) Plurihormonal
tumours associated with acromegaly most
frequently consist of densely granulated
GH cells and one or more morphologic cell
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types (PRL cells, glycoprotein hormone
producing cells).

The relative frequency of adenomas
among the cell types is shown in Table 1.
Pure GH-secreting adenomas accounted
for 44% of the tumours and sparsely and
densely granulated adenomas were encoun-
tered with equal frequency. Mixed tumours
containing both GH and PRL secreting cells
accounted for 28% of the adenomas while
mammosomatotroph cell adenomas with
both GH and PRL secreted by a single well-
differentiated cell accounted for 12% of the
tumours. There were seven (14%) plurihor-
monal tumours with cells staining for com-
binations of peptides including GH and
TSH, GH and o subunit and GH and FSH.
One tumour was an acidophil stem cell
adenoma.

Table 1..The relative frequencey of the type of
GH secretory adenomas in patients presenting
with acromegaly

— Sparsely granulated GH cell

adenoma n=11 22%
— Densely granulated GH cell

adenoma n=11 22%
— Mixed GH and PRL cell

adenoma n=14 28%
— Mammosomatotroph cell

adenoma n= 6 12%
—Plurihormonalcelladenoma n= 7 14%
— Acidophilstemcelladenoma n= 1 2%

Total 50

The mean age of patients presenting with
each of the tumour types is shown in
Table 2. The age at the time of diagnosis
was similar in each type of adenoma with the
exception of those containing sparsely
granulated GH cells. These patients tended
to be younger, in keeping with the reported
aggressive nature of sparsely granulated
GH cell adenomas [10].

The sex ratio of patients presenting with
each tumour typeis also outlinedin Table 2.
There were 30 male and 20 female patients
in this study. There was a tendency for anin-
creased number of male patients to have
mixed GH and PRL cell adenomas while
the male : female distribution of patients
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Table 2. Age andsex ratio of acromegalic patients
with different types of adenoma

Age Sex
Male Female
— Sparsely granulated GH
celladenoma 36899 6 5
— Densely granulated GH
celladenoma 442+13.1 6 5
— Mixed GHand PRL
celladenoma 4131142 9 5
— Mammosomatotroph
celladenoma 41.8%£13.1 4 2
— Plurihormonal cell
adenoma 44.1+£11.0 4 3
— Acidophil stem cell
adenoma 53.0 1
Total 30 20

with the remaining tumour types was almost
equal.

Table 3 shows the mean GH and PRL
levels in patients presenting with each type

of adenoma. The highest levels of both GH
and PRL were found in patients with mixed
GH and PRL cell tumours, and 8 out of 14 of
these patients had elevated PRL levels. The
next highest mean GH levels were found in
patients with sparsely granulated GH cell
adenomas and 5 of these 11 patients also had
elevated PRL levels: the increase in PRL
was, however, modest with a mean value of
30 pg/l. Hyperprolactinaemia was found in
patients with each tumour type with the ex-
ception of the single patient with the
acidophil stem cell adenoma.

The GH response to oral glucose loading
is shown in Table 4. None of the patients
responded normally to the ingestion of glu-
cose by having a fall in GH to less than
2 pg/l, and 3 patients had an incomplete
suppression of GH. There was a paradoxi-
cal rise in GH (greater than 50% increase)
in 32% of patients and no change in GH in
61% . The GH response to oral glucose load-
ing did not differ with the type of tumour
present.

Table 3. Mean preoperative GH and PRL levels and number of acromegalic patients with hyperprolac-

tinaemia in the different types of adenomas

GH PRL High PRL
ug/l pgll n(%)
— Sparsely granulated GH cell adenoma n=11 43 30 5(45)
— Densely granulated GH cell adenoma n=11 40 14 1(9)
— Mixed GH and PRL cell adenoma n=14 62 141 8(57)
— Mammosomatotroph cell adenoma =6 30 41 2(33)
— Plurihormonal cell adenoma n= 18 33 2(28)
— Acidophil stem cell adenoma n= 17 20 - =
Total 50 18 (36)

Table 4. The GH response to oral glucose tolerance test in acromegalic patients with different types of

adenoma
‘ A B C D
— Sparsely granulated GH cell adenoma n=11 - 1 2 8
— Densely granulated GH cell adenoma n=11 - 1 5 5
— Mixed GH and PRL cell adenoma n=14 - - 5 9
— Mammosomatotroph cell adenoma n= 6 - - 2 4
— Plurihormonal cell adenoma n= 6 - 1 2 3
— Acidophil stem cell adenoma n= 1 - - - 1
Total 49 0 3 16 30

A: Suppression of GH to less than 2 pg/l
B: Suppression of GH to less than 5 pg/l
C: Paradoxical rise in GH

D: No change in GH
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The GH and PRL response to the in-
travenous injection of TRH is shown in
Table 5. A positive GH response consisted
in a GH increase of more than 50% above
baseline, and a PRL response was consid-
ered positive if there was a greater than
100% increase above baseline. There was a
positive GH response to TRH in 59% of pa-
tients and a positive PRL response in 44%.
Only 3 of the 11 (27%) patients with
sparsely granulated cell adenomas had a
positive GH response to TRH, while in all
other tumour types there was a positive re-
sponse in 50 to 70% of cases. There was a
positive PRL response to TRH in only 1 of
the 6 patients with mammosomatotroph cell
adenomas but there were no differences in
the PRL response to TRH in the other
tumour types.

The GH response to LHRH was tested in
26 patients and was positive in 6 (23%). Of
the patients who responded, 4 had densely
granulated adenomas. Insulin tolerance

D. Killinger et al.

testing was carried out in 44 patients and 25
of these failed to increase their GH by 50%
in spite of adequate hypoglycaemia. Ten of
the 11 patients with sparsely granulated cell
adenomas responded poorly to hypogly-
caemia and the remainder of the poor re-
sponders were evenly distributed among
other tumour types.

To compare the relative size of the
tumours with respect to pathological diag-
nosis, radiological classification using a
modification of the criteria of Hardy [5] was
carried out. Stage I tumours were less than
10 mm and contained within the sella. Stage
IT tumours were greater than 10 mm and
contained within the sella. Stage III
tumours showed localized invasion of the
sella, and stage IV tumours caused diffuse
destruction of the sella. This comparison is
found in Table 6. Of the 21 patients with
local or diffuse invasion of the sella, 6 had
sparsely granulated and 8 had mixed GH
and PRL cell adenomas suggesting that

Table 5. Number of patients with positive response of GH and PRL to TRH test in each type of tumour

Positive responses
GH PRL

— Sparsely granulated GH cell adenoma n=11 3 4
— Densely granulated GH cell adenoma n=10 7 6
—Mixed GH and PRL cell adenoma n=14 9 4
— Mammosomatotroph cell adenoma n= 3 1
— Plurihormonal cell adenoma n= 5 6
— Acidophil stem cell adenoma n= 1

Total 49 28 21

Positive response of GH: 59% (greater than 50% increase in GH)
Positive response of PRL: 44% (greater than 100% increase in PRL)

Table 6. Radiological classification of tumours found in patients with acromegaly

Abnormal
visual
I I III v field
— Sparsely granulated GH cell adenoma n=11 1 4 6 - 3
— Densely granulated GH cell adenoma n=11 1 7 1 2 1
— Mixed GH and PRL cellsadenoma n=14 1 5 7 1 5
— Mammosomatotroph cell adenoma n= 6 - 4 1 1 1
— Plurihormonal cell adenoma n= 7 2 3 1 1 1
— Acidophil stem cell adenoma n= 1 - 1 - - -

Stagel n= 5 (10%)
Stagell n=24 (48%)
StageIll n=16 (32%)
StageIV n= 5 (10%)
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these tumours tend to be the most rapidly
growing. Table 6 also shows the number of
patients with each tumour type presenting
with visual field defects by testing on a tan-
gent screen. Visual field compression was
found most frequently in patients with
mixed and sparsely granulated adenomas.
These tumour types were also found to have
the highest GH levels (Table 3).

Table 7 shows the histological and
radiological classifications, and the pre- and
postoperative GH and PRL levels in the 18

acromegalic patients with hyperprolac-
tinaemia. Postoperatively, 50% of the ele-
vated GH levels had been returned to nor-
mal (under 5 pg/l) and 50% of the elevated
PRL levels had been returned to normal. In
three patients with normal postoperative
GH levels, prolactin levels were still ele-
vated and one patient with a normal post-
operative PRL had an elevated GH.

The surgical outcome in patients with dif-
ferent types of adenoma is shown in Table 8.
A “successful” outcome is a patient who has

Table 7. Pre- and postoperative GH and PRL in acromegalic patients with hyperprolactinaemia

Histologic type Tumourstage Preoperative Postoperative

GH PRL GH PRL
Sparsely III 13.0 35 2.5 33
Sparsely II 69.0 60 25.0 20
Sparsely II 12.5 29 3.5 10
Sparsely* III 34.0 92 2.5 54
Sparsely 111 65.0 34 12.0 6
Densely II 36.0 41 2.5 8
Mixed II 222.0 270 57.0 40
Mixed III 103.0 55 4.0 8
Mixed 111 130.0 40 16.0 9
Mixed 111 122.0 340 33.0 170
Mixed 11 23.0 42 2.0 3
Mixed 111 54.0 277 5.0 20
Mixed* v 11.0 820 3.0 610
Mixed 111 39.0 37 9.0 14
Mammosomatotroph II 20.0 30 4.0 14
Mammosomatotroph 111 30.0 155 25.0 35
Plurihormonal IT II 27.0 40 5.0 6
Plurihormonal* v 19.0 170 1.0 112
* Normal postoperative GH with elevated PRL
Table 8. Surgical response in patients with acromegaly

Successful®* Good”  Failure®

— Sparsely granulated GH cell adenoma n=11 3 2 6
— Densely granulated GH cell adenoma n=11 6 2 3
— Mixed GH and PRL cell adenoma n=14 3 3 8
— Mammosomatotroph cell adenoma n= 5 - 1
— Plurihormonal cell adenoma n= 7 4 1 2
— Acidophil stem cell adenoma n= 1 1 - -

Successful: 43%
Good: 16%
Failure: 41%

# Successful: basal GH under 5 pg/l with normal response to testing
® Good: basal GH under 5 pg/l with paradoxical response to testing

¢ Failure: basal GH above 5 pg/l
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Table 9. Surgical response in acromegaly

D. Killinger et al.

Successful Good Failure
Stage I n= 5 60% 20% 20%
Stage Il n=24 50% 17% 33%
Stage I1I n=16 25% 19% 56%
Stage IV n= 5 40% - 60%

a postoperative basal growth hormone of
lessthan 5 pg/l and all provocative tests nor-
mal. A “good” response is a basal GH under
5 ug/l but one or more of the provocative re-
sponses are abnormal (most frequently, an
increase in GH with TRH stimulation). A
surgical failure is a postoperative basal GH
over 5 pg/l. By these criteria, 43% of these
patients had a “successful” response, 16% a
“good” response and 41% were surgical
failures requiring additional therapy. The
best response was in the densely granulated
GH cell adenoma with 8 out of 11 patients
having a successful or good response. These
tumours tended to be smaller, had the low-
est incidence of hyperprolactinaemia and
were most likely to have a GH response to
LHRH testing. The poorest responses were
in patients with mixed GH and PRL cell
adenoma (67% failure) and with sparsely
granulated GH cell adenoma (54% fail-
ure). These patients had the largest tu-
mours, the highest incidence of visual field
compression, the highest GH levels and the
highest frequency of hyperprolactinaemia.
The probability of a successful outcome was
further diminished by the fact that one pa-
tient with a mixed tumour and one with a
sparsely granulated adenoma had normal
GH but elevated PRL levels following
surgery.

‘When the surgical outcome is compared
with radiological classification a predictable
response is apparent (Table 9). Eighty per
cent of stage I tumours had a good or suc-
cessful outcome while 67% of patients with
stage II tumours and 44% of patients with
stage III tumours had good or successful
outcomes. In this series, 3 of the S patients
with stage IV tumours were successfully op-
erated on — a surprising result, reflecting
the relatively small numbers of patients.

Discussion

This group of patients is characteristic of the
acromegalic population with respect to age
at the time of diagnosis and sex distribution
[6, 11]. Examination of the adenoma tissue,
removed at the time of transsphenoidal
surgery by immunofluorescence staining,
and electron microscopy revealed six types
of pituitary adenoma in patients with the
clinical and laboratory features of growth
hormone excess. Sparsely and densely
granulated GH cell adenomas and mixed
GH and PRL cell adenomas were found
with roughly equal frequency (22 to 28%).
Mammosomatotroph and plurihormonal
cell adenomas were encountered at about
half the frequency of these tumours (12 to
14%) and only one acidophil stem cell
adenoma was noted in this series.

Hyperprolactinaemia was found in 36%
of patients; similar to the percentage noted
by Lamberts et al. [8, 9] and Arafah et al.
[1]. The highest incidence of hyperprolac-
tinaemia and the highest prolactin levels
were in mixed GH- and PRL-secreting
tumours. Elevated prolactin levels were
also found in 45% of patients with sparsely
granulated adenomas, but the elevation in
each case was modest. Patients least likely
to have elevated prolactin levels are those
harbouring densely granulated GH cell
adenomas. It is of interest that 40% of the
patients with mixed GH and PRL cell
adenomas and 70% of the patients with
mammosomatotroph, stem cell and
plurihormonal tumours had normal serum
prolactin levels in spite of positive staining
for prolactin in the tumours. Five patients
with sparsely granulated GH cell adenomas
that did not stain for prolactin had elevated
serum PRL levels. The elevated PRL levels
in 2 of these patients were seen in the ab-
sence of suprasellar extension.



Correlation Between Preoperative Testing and Tumour Morphology 15

All but one of the patients in this series
had elevated basal GH levels. On oral glu-
cose ingestion, three of these patients sup-
pressed their GH to less than 5 pg/l but not
down to 2 ug/l. This supports the suggestion
by Schaison et al. [12] that the criteria for
cure following surgery must be rigorously
applied to include suppression of GH to less
than 2 pg/l, since suppression to less than
5 pg can be seen in active acromegalic pa-
tients.

Provocative testing with insulin hypo-
glycaemia, LHRH and TRH with measure-
ment of GH and GH plus PRL did not re-
veal a specific pattern which could be re-
lated to the type of tumour. The GH and
PRL response to TRH testing was roughly
parallel in 50% of the patients with elevated
basal levels of both hormones. This
phenomenon was found in patients with
mixed GH and PRL cell tumours (5) and
sparsely granulated GH cell adenomas (4).

The surgical outcome in these patients
was influenced by both the stage of the
tumours at the time of surgery and the type
of tumour. It is difficult to determine
whether the type of tumour is an indepen-
dent variable, since the mixed and sparsely
granulated tumours which had the highest
failure rate also tended to be the largest, and
densely granulated tumours which had the
best prognosis tended to be smaller.

These studies show that preoperative
testing with currently used tests to modify
GH secretion cannot accurately predict the
type of GH-secreting tumour. These tests
may, however, be helpful in predicting re-
sponse to medical therapy and postopera-
tive evaluation. Since the surgical outcome
in patients with larger tumours is less
favourable, they may help select patients
who would benefit from medical therapy to
reduce tumour size prior to surgical inter-
vention.
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Untreated acromegaly is associated with in-
creased morbidity and reduced life expec-
tancy [1, 19, 33]. Advances in microsurgical
and radiation techniques and the develop-
ment of new forms of medical treatment
have now greatly improved the fate of these
patients. On the other hand, refined
methods of endocrinological evaluation
have shown that complete cure is still not
achieved in many patients [22]. New in-
sights into the physiology of GH secretion
and its regulation have been gained. More
sensitive methods for the radioimmunologi-
cal determination of GH and the GH-
dependent somatomedin-C (Sm-C/IGF I)
have made it possibie to better define the
limits between normal and pathological se-
cretion. This review will therefore attempt
to discuss the objectives of treatment espe-
cially in terms of GH concentrations and
dynamics of secretion following surgical
and/or irradiation therapy or during medi-
cal treatment.

Before the development of microsurgical
techniques for selective adenomectomy,
surgical and/or irradiation therapy was con-

sidered when compression of the optic -

chiasma or basal hypothalamic structures
was present or imminent or when headache
became an intractable problem. Success
was largely defined in terms of tumor mass
removal. The transsphenoidal microsurgi-
cal approach now allows selective removal
of GH-secreting microadenomas in over
90% of cases by an experienced neurosur-
geon, but results in patients with larger
tumors are less good [23]. Removal of small
adenomas can usually be achieved with
complete preservation of pituitary function.
Larger tumors have often already impaired
other pituitary functions and further sac-

rifices may be necessary if complete tumor
removal is to be accomplished.

Irradiation therapy lowers GH concen-
trations to values below 5 ng/ml in about
50% of the patients after 5 years and in
about 70% after 10 years. The slow pace of
hormone decrease and a high rate of sec-
ondary pituitary failure make irradiation a
treatment of second choice in patients with
acromegaly [7, 10, 23].

Drug treatment is considered to be useful
following insufficient operative removal of
a GH-secreting adenoma as well as follow-
ing radiation therapy (until reduction of GH
secretion takes place over the course of sev-
eral years). In selected cases it may be indi-
cated as a primary form of therapy. Medical
treatment of acromegaly first became possi-
ble with the description of a paradoxical GH
suppressing effect of dopamine agonist
drugs [18]. However, only approximately
20% of patients respond to dopamine
agonist therapy with GH concentrations
below 5 ng/ml [23]. The hypothalamic
growth hormone release inhibiting hor-
mone, somatostatin, has been shown to in-
hibit the secretion of GH not only in normal
subjects but also in patients with acromeg-
aly [34]. Long-acting somatostatin analogs
with increased specificity for the suppres-
sion of GH — as opposed to that of other
hormones, especially insulin — have sub-
sequently been developed and one of them
is now being used in patients with acro-
megaly [2, 17].

In neurosurgical terms the objectives of
treatment in acromegaly are removal of the
GH-secreting adenoma with preservation
of normal pituitary tissue on the one hand,
and decompression of the optic nerves and
of other topographically related structures
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(basal hypothalamus, sinus cavernosus etc.)
in cases with larger tumors, on the other
hand. In endocrinological terms the objec-
tives of treatment are elimination/reduction
of GH excess and preservation/restoration
of normal pituitary function. The endo-
crinological evaluation of treatment success
is based on the determination of GH and of
IGF Iin blood. Hence, a limit has to be de-
fined for admissible GH and/or IGF I con-
centrations following surgery/irradiation or
during medical treatment. On the other
hand, the integrity of the normal anterior
pituitary hormone secretion is determined
by measuring ACTH, LH/FSH, PRL and
TSH in the basal state and during function
tests.

While it is easy to define the objectives of
therapy in general terms, it is more difficult
to be precise in important details of GH/
IGF I concentration and regulation. This
becomes quickly apparent when one re-
views criteria used by different authors to
define “cure” of acromegaly. Basal GH
concentrations below 5 ng/ml, glucose-sup-
pressed values below 2 or 1 ng/ml, reversal
of pathological GH responses to TRH,
GnRH or during glucose loading, a normal
24-h pattern of GH secretion as well as a
normal IGF I value have all been used (for
review see [23]). However, none of these
criteria — except possibly for 24-h profiles,
which are not practicable in routine clinical
practice — can be considered absolute proof
for complete normalization of GH secretion
or the absence of any residual adenoma tis-
sue.

The difficulty to clearly define “normali-
zation” of GH secretion in patients with ac-
romegaly is due to our lack of knowledge of
what constitutes “normal” GH secretion in
the first place. In addition, the margin be-
tween normal secretion and oversecretion
that leads to clinically deleterious effects is
poorly defined. In healthy subjects, GH is
secreted in a pulsatile manner, with a large
secretory episode usually occurring early in
the night after the onset of sleep [24, 25, 30].
Spontaneous GH peaks can be as high as
50 ng/ml or even higher. On the other hand,
during trough periods, the GH concentra-
tionisbelow 1 ng/ml, i.e. below the sensitiv-
ity of most GH radioimmunoassays. Until
recently, the true basal GH concentration
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below that limit was unknown. On the other
hand, GH concentrations in patients with
proven acromegaly also vary from low to
very high values at the time of diagnosis.
Most patients have GH- concentrations
higher than 5 ng/ml, but in some the values
are between 2 and 5 ng/ml at all times [5, 21,
22], even when determined by frequent
sampling in 24-h profiles.

Because of the pulsatile nature of GH re-
lease in healthy subjects “basal” GH con-
centrations can be misleading in the evalua-
tion of GH secretion in patients suspected of
harboring a GH-secreting pituitary ade-
noma or in the follow-up of patients with
acromegaly. A GH value below 1 ng/ml is
strong evidence against autonomous GH
secretion. However, low GH concentra-
tions between 2 and 10 ng/mldo not rule out
the presence of autonomous GH secretion
by a pituitary adenoma either at the time of
diagnosis or following surgical or radiation
therapy. Although “basal” GH concentra-
tions below 5 ng/ml are often used as a
criterion for GH normalization following
surgical or radiation therapy [23], it is obvi-
ous from what has been said that such a def-
inition is imprecise and bound to over-
estimate the rate of success.

On the other hand, a high GH concentra-
tion in a single blood sample may be due toa
spontaneous secretory pulse. It is therefore
no proof of acromegaly and is entirely com-
patible with normal, non-autonomous GH
secretion (unless the value is excessive, e.g.
higher than 100 ng/ml or so). Likewise, a
high single GH value does not necessarily
indicate the persistence of autonomous GH
secretion following operative removal of a
GH-secreting adenoma.

In view of these uncertainties in the in-
terpretation of “basal” GH values, the sup-
pressive effect of hyperglycemia on GH se-
cretion is often used as a more stringent
criterion. Following oral glucose loading
(100 g of glucose, although 75 g have also
been used) a GH nadir below 2 ng/mlis usu-
ally considered to be sufficient evidence
against the presence of acromegaly or for
“cure” of acromegaly following treatment
[23]. In healthy subjects GH will always
be suppressed to concentrations below
1 ng/ml. However, this limit again is arbi-
trary, being based on the limitations of assay
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sensitivity rather than on knowledge of the
true GH concentration during glucose-in-
duced hyperglycemia. Whether glucose
loading always leads to complete GH se-
cretory arrestinnormalsubjectsisunknown.
It seems possible that in some patients with
acromegaly — especially those with rela-
tively low GH concentrations to begin with
— GH may be suppressible below 1 ng/ml,
yet not to levels as low asin a healthy person
if measured in a supersensitive assay system
(vide infra).

In addition to basal and glucose-suppress-
ed GH concentrations, the pathological re-
sponse of GH to the administration of
“foreign” hypothalamic releasing hor-
mones is also used for the follow-up of pa-
tients with acromegaly. Approximately
60% and 20% of these patients respond with
a substantial GH increase (higher than
50%) to the i.v. application of TRH and
GnRH respectively [28, 32]. This is not the
case in healthy subjects. Persistence of this
pathological response following surgery
and/or irradiation or during medical treat-
ment is usually taken to be indicative of per-
sistent autonomous GH secretion [19, 28].
In contrast, a recent report suggests that the
GH response to TRH has no prognostic
value for normalization of GH secretion or
for the risk of recurrency [9]. However,
since these authors accepted relatively high
GH concentrations as normal (basal GH
concentration “below 5 ng/ml”) and the fol-
low-up period was relatively short, the mat-
ter remains unsettled.

The most comprehensive information on
GH secretion is obtained from frequent-
sampling 24-h profiles (blood samples usu-
ally being taken every 15 to 20 min). Such
profiles allow detection of spontaneous se-
cretory episodes, of maxima and minima as
well as the calculation of 24-h mean con-
centrations. In addition they provide infor-
mation on the temporal pattern of secretion
including the sleep-related nocturnal secre-
tory activity. Such profiles have therefore
been used to decide whether truly normal
GH secretion was present following the sur-
gical treatment of acromegaly and have re-
vealed that this is rarely the case [16].

Calculation of the mean 24-h GH con-
centration on the basis of frequent-sampling
24-h profiles in healthy subjects has yielded
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values between 2 and 11 ng/ml, women hav-
ing higher concentrations than men [23].
Although these values probably represent
an overestimation of the true 24-h concen-
trations due to limitations of assay sensitiv-
ity, it is evident that relatively high, mean
GH concentrations are compatible with
normal GH secretory dynamics and need
notindicate the presence of acromegaly. On
the other hand, many patients with acro-
megaly have mean 24-h GH concentrations
much lower than these values in healthy
subjects. Moreover, patients with insulin-
dependent diabetes mellitus have elevated
24-h GH concentrations in relation to the
degree of hyperglycemia. Although this
may contribute to insulin resistance in such
patients, they certainly have no pituitary
adenoma and are not acromegalic. Appar-
ently there are large interindividual differ-
ences in the mean 24-h GH concentration of
non-acromegalic subjects. Individuals seem
to have different “thresholds” for the nox-
ious effects of GH excess. Which factors de-
termine whether a given amount of GH in
the circulation will cause acromegaly or not
is poorly understood. Estrogens are known
to promote GH secretion and at the same
time inhibit the peripheral action of higher
concentrations in women as compared with
men. However, other unknown factors
must also contribute to the differences in
tissue sensitivity to GH in different indi-
viduals.

In addition to the total amount of GH
available to the tissues, the temporal pat-
tern of secretion is probably also of impor-
tance. Although the physiological signifi-
cance of this pattern — including its link to
sleep in man — is as yet largely unknown,
there are indications suggesting a role for
actions of GH in metabolism and growth
promotion. Thus, when hypophysecto-
mizedrats are treated with GH, their growth
rate is significantly higher when the hor-
mone is administered in a pulsatile fashion
as compared with the effect of continuous
infusion [3]. The temporal pattern of hor-
mone availability may also be of importance
for the action of GH on adipose tissue. In
vitro, rat adipose tissue is resistant to the
lipolytic action of GH when the hormone is
re-administered shortly after a first expo-
sure. The interval during which the tissue is
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resistant corresponds to the normal tem-
poral spacing of GH pulses in the rat [11].
This suggests that the absence of GH — or at
least a very low concentration — for certain
periods of time during the 24-h day may be
an important factor for a normal effect of
GH on bone and in other peripheral tissues.
Hence, the continuous presence of even re-
latively low concentrations of GH may pos-
sibly be more deleterious in certain respects
than the intermittent presence of relatively
high concentrations for short periods of
time.

From a diagnostic point of view it is im-
portant that healthy subjects always have
non-detectable GH concentrations (below
1 ng/ml) at some time during a 24-h profile,
while patients with acromegaly do not.
Hence, levels of GH concentration below
the assay sensitivity — usually 1 ng/ml or a
little less — are strong evidence against the
presence of acromegaly. Following surgery
and/or irradiation, undetectable concentra-
tions in a GH profile are evidence against
residual adenoma tissue and against the per-
sistence of acromegaly.

Recently several reports have appeared
on the use of more sensitive GH assays for
the determination of GH concentrations
below the sensitivity of the routine radioim-
munoassay methods [6,12,29]. Results have
shown that GH secretory episodes continue
to occur below the 1 ng/ml limit at times
hitherto considered to represent periods of
secretory arrest. Trough concentrations are
apparently 10 to 100 times lower than was
previously thought [12,29]. Hence, all diag-
nostic criteria for acromegaly based on
“basal” GH values, on GH nadirs during
oral glucose loading or during 24-h profiles
have to be redefined. Accordingly, the val-
ues considered to represent “cure” of acro-
megaly have probably also to be adjusted
downwards. However, whether this will
have an impact on the indication for treat-
ment — e.g. following incomplete surgery —
or for dose-finding studies during drug
treatment needs to be further evaluated.
Knowledge of truly normalized GH con-
centrations may, however, allow better
prognostic information on the long-term
risk of recurrency.

Determination of the plasma concentra-
tion of IGF I offers an additional possibility
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to evaluate the GH secretory status. IGF 1
is considered to mediate the effects of GH
on bone growth. Its half-life in the blood is
much longer than that of GH (approxi-
mately 3—6 h for IGF I versus approxi-
mately 20 min for GH [13, 24]) and IGF 1
concentrations should therefore mirror in-
tegrated concentrations of GH. Circulating
IGF I is probably mainly generated in the
liver. Recently it has been shown that GH it-
self has also a direct effect on bone growth
and in addition promotes local IGF I gen-
eration in epiphyseal chondrocytes [15, 27].
The respective contributions of circulating
and locally generated IGF I to bone growth
in healthy persons and to acral growth in pa-
tients with acromegaly are unknown. It is
also not known whether liver and chondro-
cyte sensitivity to elevated GH concentra-
tions is similar or not. Moreover, other hor-
mones (e.g. prolactin, insulin and steroid
hormones [4, 14]) as well as nutritional
status have also been shown to influence
IGF I generation and/or the secretion of its
carrier protein. In normal subjects IGF I
concentrations decrease with increasing age
[8, 31]. All these influences must be consid-
ered in the appraisal of a given IGF I value.
Nevertheless, in view of its strong depen-
dence on GH and its longer half-life, IGF I
is a valuable indicator of the overall se-
cretory status of GH.

It is generally thought that IGF I con-
centrations within the normal range are evi-
dence for normalization of GH following
surgery/irradiation or during medical treat-
ment [20, 26]. However, our own experi-
ence suggests that some patients — usually
with relatively low GH concentrations in all
tests — can have persistent acromegaly
while their IGF I concentrations are within
the normal limit. Others have shown that —
although IGF I is generally elevated in ac-
romegaly — the correlation between the
concentrations of GH and IGF I respec-
tively is poor [20]. There may be a threshold
beyond which a further increase of the GH
concentration does not cause any further
elevation of IGF I generation.

Conclusions

Treatment of acromegaly aims to eliminate
the GH excess. At the present time criteria
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for cure of acromegaly are the presence of
spontaneous GH concentrations below
1 ng/ml and/or suppression of GH to con-
centrations below 1 ng/ml following an oral
glucose load. The IGF1 concentration
should be within normal limits. Although
persistence of a pathological GH response
to TRH and/or GnRH is usually thought to
be evidence of persistent autonomous GH
secretion, its clinical importance is contro-
versial. Pituitary function should not de-
teriorate as a consequence of treatment.
Recent GH determinations with supersen-
sitive assays have shown that GH-secretory
pulses continue to occur below the sensitiv-
ity of previous radioimmunoassays. It is not
known, however, whether GH concentra-
tions that are persistently higher than the
true basal concentration but below the pres-
ently accepted limit of 1 ng/ml are clinically
relevant.
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The resulits of pituitary surgery, until about
20 years ago, were assessed only in terms of
survival time, working capacity, and im-
provement of vision [36, 38]. Endocrine im-
provement could not be documented and,
therefore, was not a goal of surgical treat-
ment of hypophyseal tumors. Adenomas
situated entirely inside the sella were there-
fore usually irradiated. However, even in
the earliest periods of pituitary surgery,
postoperative improvement and, possibly,
cure of acromegaly were occasionally ob-
served particularly after transsphenoidal
operations. Hochenegg was probably the
first surgeon to observe the astonishing re-
duction in preoperative swelling of the
hands and feet in a 31-year-old woman. The
change occurred within days of transnasal
adenoma extirpation [20,45]. A similar case
was observed by Kocher [24]. This latter pa-
tient also noticed that the previous acro-
paresthesias disappeared within days of the
operation. The patient died one month later
because of “brain swelling” (?). The au-
topsy demonstrated an incomplete removal
of the tumor. Cushing [5] observed out of 12
patients operated on for acromegaly one pa-
tient (case XXVI) who experienced “not
only an immediate relief of subjective dis-
comforts, but the acromegalic manifesta-
tions, so far as the thickening and edema of
the soft parts were concerned, showed
marked amelioration”. The acromegalic
symptoms, unfortunately, recurred one
year later. Cushing [5] summarized his ex-
periences as follows: “. . ., it must remain for
the time-being a matter of uncertainty as to
whether or not, in the absence of a degree of
hyperplasia sufficient to cause neighbour-
hood symptoms, operative measures can
hold out any promise to permanently con-
trolling the disorder”.

The situation changed rapidly after
growth hormone (GH) determination by
radioimmunoassay became available [49].
New emphasis was placed on surgical treat-
ment of acromegaly by the reintroduction of
the transnasal, transsphenoidal approach to
the pituitary [14] and the introduction of
microsurgical techniques [16]. Conven-
tional sella tomography, fine section com-
puted tomography (CT) with image recon-
struction, and magnetic resonance imaging
(MRI) allowed the radiologic detection of
progressively smaller adenomas.

The primary goal of today’s pituitary
surgery in acromegalics is the normalization
of GH levels with preservation of function
of the adjacent normal gland. Trans-
sphenoidal surgery achieves normal post-
operative GH levels in 58—90 % of the pa-
tients operated on (Table 1). The success
rate, however, depends on a number of var-
iables uncontrollable by the surgeon.
Tumor size, invasive growth, preoperative
GH levels, and previous, unsuccessful treat-
ment are major determinants of the surgical
outcome [15, 32, 54]. The preoperative
serum GH level determines not only the
rate of GH normalization but also the inci-
dence of recurrence [54]. The definition of
the upper limit of normal GH levels obvi-
ously is of primary importance for evalua-
tion and comparison of treatment result as
demonstrated by the data of Quabbe [39]
and of Zervas [55] (Table 1). Zervas [55] as-
signed several patient series treated in dif-
ferent centers to two groups according to
the upper limits of normal GH used in the
individual institutions. The difference in the
cure rates of the two groups is highly sig-
nificant. No similar comparison of the two
groups can be made in the material pre-
sented by Quabbe [39] because no center as-
signment was reported.
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Table 1. Acromegaly: Results of transsphenoidal surgery

Author(s) Year Number Number Percentage  Level of GH
of cases normalized  normalized used ascriterion
fornormaliza-

tion (ng/ml)
Balaguraetal.[2] 1981 132 77 58 <S5
Baskinetal. [3] 1982 137 106 77 <10
Delalande etal. [7] 1985 206° 98 47¢ <5
126° 78 63¢ <5
Fagliaetal. [11] 1978 18 12 67 <10
Giovanellietal. [12] 1980 57 47 82 <35
Grisolietal. [13] 1985 100 56 56 <5
Hardy, Somma[17] 1979 120 94 78 <5
Lawsetal. [32] 1982 100 70 70 <10
Lidecke [33, 34] 1985 222 140 63° <5

1987 40 35 87¢ < 44

Quabbe [39]° 1982 152 83 55 <S5
121 80 <10
Roelfsema et al. [40] 1985 60 37 62 <35
Teasdale et al. [46] 1982 28 19 68 <10
Tindall, Barrow [47] 1986 64 45 70 <5
Tuckeretal. [48] 1980 32 24 75 <5
Williams et al. [50] 1975 59 39 66 <S5
Zervas[55]° 1987 789 535 68! <5
334 299 90 <10
Personal series 1987 169 119 70 <5

? Cooperative studies
Interval 1974—1980
Interval 1981—1984

<

-0 a o

A large number of reports present the
short-term results of transsphenoidal ac-
romegaly surgery (Table 1). However, only
a few papers describe the long-term results
and the incidence of tumor recurrence.
Roelfsema et al. [40] controlled 60 patients
for up to 7 years (average 3.3 years) and
found two patients with tumor recurrence.
Additional radiotherapy normalized post-
operatively persistent GH hypersecretion in
11 of 17 patients after a mean interval of 2.7
years. Grisoli et al. [13] followed 100 pa-
tients up to 6 years. Their cure rate was 78%
in enclosed adenomas and 33% in invasive
adenomas. No recurrent adenomas were
found in patients considered cured at the be-
ginning of the follow-up period. Serri et al.
[42] followed 24 patients for 5—11 years. All
8 microadenomas were cured and no recur-
rences were observed. Normal postopera-

Difference of the two groups tends towards significance (Fourfold table test, p < 0.011)
Difference of the two groups significant (Fourfold table test, p < 0.01)
Difference of the two groups significant (Fourfold table test, p < 0.0001)

tive GH levels were achieved in 14 macro-
adenomas. Three relapses were found in
this second group. Zervas [54], ina coopera-
tive study, found a recurrence rate of 19 pa-
tients in a group of 199 followed for 5 years
and 3 in a group of 63 followed for 10 years.
Tindall and Barrow [47] rate the prospects
of tumor recurrence after an interval of 10
years as very low. We conducted this study
to compare our own results in pituitary
surgery for acromegaly, particularly in the
long range, with the results of the previous
studies mentioned, and to evaluate the in-
fluence of predetermined factors.

Patients and Methods

A total of 169 patients were operated on be-
tween December 1972 and August 1987. A
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total of 175 surgical procedures were done:
161 patients underwent one transsphienoi-
dal operation, 6 patients had a combined,
two-stage procedure involving a transnasal
operation and a craniotomy, and 2 patients
underwent two separate, transsphenoidal
operations done at intervals of 6 months and
2 years respectively because of persistent
tumors. Patients undergoing a planned two-
stage procedure were counted once,
whereas the two patients operated on twice
transsphenoidally were counted twice be-
cause they were rated as treatment failures.
The follow-up period ranged from 1 month
to 14 years (average 4.1 years). The last fol-
low-up information from 100 patients (=
60% ) was obtained within the last year be-
fore evaluation. Eleven patients had died.
Fifty-six patients were lost to further follow-
up.
All patients were operated on by the same
surgeon (AML). The sublabial, transseptal,
transsphenoidal approach to the sella, first
described by Cushing [6] and modified by
Guiot [14] and Hardy [16], was used until
1982 [30]. An endonasal, transseptal expo-
sure of the sphenoid sinus as originally de-
scribed by Hirsch [19], modified in the light
of conservative septal surgery, has been
used since [28, 35]. The modified pterional
exposure of the chiasmregion [1, 18, 52] was
used in patients who underwent a combined
transsphenoidal and transcranial operation
because of tumor extensions that could not
be reached by a transsphenoidal operation
alone. The transsphenoidal procedure in
this situation was always performed first, as
suggested by Guiot [15].

Most GH measurements were taken dur-
ing an oral glucose tolerance test (OGTT).
Baseline GH serum levels were used only in
a few instances for follow-up studies. Serum
GH levels were measured by radioim-
munoassay [21]. The upper normal limit in
this seriesis 5 ng/ml. The GH measurement
was replaced by measurement of the insu-
lin-like growth factor I (IGFI) for follow-up
studies in an increasing number of patients
for the following reasons: The patient does
not need to be fasting, the values do not de-
pend on stress (puncture of vein), an OGTT
is not necessary, and the IGF I value closely
reflects the GH value and the OGTT sup-
pressibility [41]. IGF I was determined by
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radioimmunoassay according to a previ-
ously published method [53]. The normal
range is 120—300 ng/ml.

The adenoma diameters shown in Figure
2 were measured either intraoperatively or
on preoperative CT scans. Diameters of
spheres with identical volume were calcu-
lated in the case of adenomas with elipsoid
shapes, or in adenomas with irregular out-
lines, with the help of measurements taken
on the CT scans.

Percutaneous high voltage radiotherapy
was applied in patients with GH elevations
persisting after surgery. A focal dose of 4000
rads applied in daily fractions of 200 rads
was used in the large majority of these pa-
tients after cerebral radionecrosis had oc-
curred in 5 patients (2 acromegalics) treated
with 5000 rads [25].

The new somatostatin octapeptide analog
(SMS 201-995, Sandostatin®) was used as
pretreatment for 1 week to 2 months before
surgery in 13 patients because previously
published observations suggested that this
may soften the tumor and therefore render
surgical removal easier [27, 44]. Subcutane-
ous injections of 100 pug SMS 201-995 were
given at 8-hourly intervals.

Preoperative Findings

The 169 patients were on average 44.2 years
of age. There were 96 women (average age:
44 .4 years; range: 20—71 years) and 71 men
(average age: 43.9 years; range: 16—70
years). The age distribution is shown in Fig-
ure 1. Three young men aged 16, 18, and 19
years respectively suffered from gigantism.
Their body height was 1.94, 2.05, and
1.91 m. Their abnormal growth had started
2—5 years before the operation. A fourth
giant measured 2.03 m, was 24 yearsold and
had a 10-year history of abnormal growth.
The 169 adenomas had diameters between 4
and 48 mm; the average was 15.6 mm. The
size distribution is shown in Figure 2.

The preoperative GH serum levels were
normal (<5 ng/ml)in 6 patients. These 6 pa-
tients all suffered from clinically overt ac-
romegaly. The GH values were non-sup-
pressible during the OGTT, and the IGF I
values were elevated above 300 ng/ml in all
patients. Nine patients had GH values be-
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tween 5 and 10 ng/ml. The values were non-
suppressible during the OGTT and the IGF
I values, if obtained, were elevated. Basal
GH values between 10 and 40 ng/ml were
found in 79 patients (= 47%). The remain-
ing 58 patients had values above 40 ng/ml.
The highest value was 336 ng/ml. No
preoperative GH values were found in the

A. M. Landolt et al.

Fig. 1. Sex and age
distribution of 169
patients examined

Fig. 2. Distribution of
adenoma diameters.
Forty-five adenomas
(27%) had a diameter
of less than 10 mm

case histories of 7 patients. Clinically overt
diabetes mellitus requiring treatment with
diet, oral antidiabetics, insulin, or a combi-
nation of these was present in 22 patients (=
13%).

The preoperative GH values were sig-
nificantly higher in macroadenomas than in
microadenomas. No significant difference
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Table 2. Acromegaly: Influence of adenoma diameter and invasive growth on preoperative growth hor-

mone level

Preoperative growth hormone level

GH < 40ng/ml GH =40ng/ml
Adenoma diameter =10 mm 59=55% 48?
Adenoma diameter <10 mm 45=81% 10°
Invasive growth 39=60% 26°
Non-invasive growth 60 = 69% 27°

? Difference significant (Fourfold table test, p < 0.0001)
® Difference not significant (Fourfold table test, ¥* = 1.3081)
Note: The sum of the patients is not equal to 169 because the preoperative GH levels and growth type

(invasive, non-invasive) were not noted in all cases.

Table 3. Acromegaly: Unsuccessful preoperative
treatment

Treatment Number of Patients
Bromocriptine (Br) 9
Radiotherapy (Rx)
Yttrium implantation 1
Surgery 4
Surgery + Br 4
Surgery + Rx 3 (1 personal case)
Surgery + Rx + Br
Surgery + Rx + Br + SMS 2 (1 personal case)
Total number of patients 169
Total with previous treatment 31 (18%)
Total with previoussurgery 14 ( 8%)
Total with previousradio-
therapy 14( 8%)

was found, however, in the GH values of in-
vasive and non-invasive adenomas (Table
2).

Thirty-one patients (= 18%) had under-
gone some previous, unsuccessful treat-
ment (Table 3). In the following, only previ-
ous surgery and/or radiotherapy will be
evaluated. Preoperative bromocriptine
treatment, unlike in prolactinomas [26],
does not lead to fibrosis in GH-secreting
adenomas and, therefore, does not influ-
ence the outcome of surgery [8].

Surgical Results

The first postoperative evaluation (within 1
month) of the 169 patients showed normal

GH serum levels (<5 ng/ml) in 70% (Table
4). This number correlates well with previ-
ously published data (Table 1). The resultis
somewhat better in microadenomas than in
macroadenomas. The difference, however,
is not significant (Fourfold table test, x* =
1.2506). Invasive growth of the adenomas,
as determined on preoperative CT scans, in-
traoperative observation by the surgeon,
and histological examination of a biopsy
specimen of the basal dura obtained
routinely since 1977 [30], caused a signifi-
cant deterioration of the surgical outcome
(Table 5). The same is true for adenomas
with preoperative serum GH levels =40
ng/ml (Table 5). Only 4 of 14 adenomas pre-
viously operated on and 2 of 14 previously
irradiated adenomas (Table 3) had normal
GH levels one month after surgery.
Liidecke [34] has shown that improvement
of surgical technique, sophisticated early
monitoring of the GH levels, and increasing
experience of the surgeon can significantly
improve the surgical results (Table 1). Our
own data suggest a similar trend. The differ-
ence between an early and alate group of in-
terventions, nearly equalin numberis, how-
ever, not significant (Table 6).

The results of follow-up examinations
shown in Table 3 demonstrate that early
evaluation of the surgical data is reliable
since no deterioration occurs later. The fol-
low-up data reflect a steady improvement of
the results. All microadenomas followed up
for 4 years or more have reached normal
GH serum level. The macroadenomas, in-
cluding recurrent tumors after surgery and/
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Table 4. Acromegaly: Surgical results — follow-up of Zurich series

GH = 5ng/ml or IGFI < 300 ng/ml (normalized)
(number of patients in subgroup)

Postoperative ~ Total number Total Macro- Micro- Additional Additional
interval of patients adenomas adenomas radiotherapy  bromo-
examined criptine
1month 169 70% 64% 76% - -
(111) (58)
6 months 134 72% 65% 73% 34% 40%
(89) (45) (29) ®
lyear 126 1% 70% 74% 44% 21%
87) (39) (36) (14)
2years 108 77% 76% 79% 54% 30%
75) (33) (26) (10)
3years 86 85% 83% 88% 68% 38%
(60) (26) (25) ®)
4 years 77 90% 86% 100% 85% 33%
(58) (19) (20) ©)
Syears 64 88% 84% 100% 95% 20%
QY (13) (20) (6)
6years 48 88% 84% 100% 95% -
(39) ) (16) -
7 years 37 89% 86% 100% 92% -
(30) M (13) -
8years 32 88% 85% 100% 92% -
(26) Q) (12) -
9years 27 93% 91% 100% 100% -
(22) ®) (10) -
10years 25 92% 91% 100% 100% -
eay) 4) ® -
11years 20 95% 94% 100% 100% -
(16) “ ®) -
12 years 15 93% 92% 100% 100% -
(12) 3 ™ -

or radiotherapy, achieved a normalization
rate of 90% or more 9 years after surgery.
This late improvement is caused by the post-
operative radiotherapy used in all patients
who did not have normal GH or IGF I levels
within 6 months of surgery and the few re-
current tumors (see below). This additional
radiotherapy reached its full effect after 5 to
9 years, which corresponds roughly to the
time course of GH normalization observed
after conventional radiotherapy and treat-
ment with heavy particles [10, 22, 23, 31,
43]. The effect of additional bromocriptine
therapy was minor and corresponds to the

average normalization rate of 24% reported
in a survey of the literature [4].

GH hypersecretion recurred in 4 patients
after postoperative intervals of 7 months, 1
year, 5 years, and 9 years. All patients had
experienced a postoperative period with
normal serum GH levels and regression of
symptoms. The first patient, a 22-year-old
woman, had GH levels of 1 ng/ml 6 months
after surgery. The value was still normal
(3 ng/ml) one month later; however, there
was an abnormal response after TRH. The
levels increased steadily under bromocrip-
tine therapy (5 mg/day) and reached 7.7
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Table 5. Acromegaly: Factors affecting the outcome of surgery in 169 patients

Postoperative serum growth hormone or insulin-like growth factor I

level (1 month follow-up)

Parameter Normalized Elevated Total
GH = 5ng/ml GH >5ng/ml
IGFI=300ng/ml IGFI>300ng/ml
Invasive growth 30= 46% 35 65°
Non-invasive growth 73= 84% 14 87¢
GH < 40 ng/ml 85= 81% 20 105°
GH = 40ng/ml 30=532% 27 57°

* Difference significant (Fourfold table test, p < 0.0001)
® Difference significant (Fourfold table test, p < 0.001)
Note: The sum of the patients is not equal to 169 because the preoperative GH levels and growth type

(invasive, non-invasive) were not noted in all cases.

Table 6. Acromegaly: Surgical results in different time periods

Timeinterval Postoperative serum growth hormone orinsulin-like growth factor I
level (1 month follow-up)
Normalized Elevated Total
GH =5ng/ml GH >5ng/ml
IGFI=300ng/ml IGFI>300ng/ml
1972-1981 55=63% 32 87
19821987 59=78% 23 82

Difference not significant (Fourfold table test: y* = 1.458)

ng/ml 5 years after surgery. The patient has
refused to undergo radiotherapy. The sec-
ond patient, a 38-year-old man, had a GH
level of 2.3 ng/ml without suppression dur-
ing the OGTT one week after surgery. The
baseline level decreased to 1 ng/ml 3
months later. However, GH had risen to
4 ng/ml with minimal reaction during the
OGTT one year after surgery. IGF I had
risen to 322 ng/ml. The patient, therefore,
was irradiated some months ago. The third
patient, a S55-year-old woman, had a
baseline GH value of 4 ng/ml 1 year after
surgery. Four years later clinical signs of re-
currence (increased swelling of the face and
the hands) appeared. The GH had risen to
19 ng/ml 7 years postoperatively. The pa-
tient underwent radiotherapy (4000 rads
focal dose). The baseline level was found to
be 12.3 ng/ml 6 months after radiotherapy.
The fourth patient, a43-year-old man, hada
postoperative GH of 1.7 ng/ml with normal

reaction to OGTT 3 years after surgery. The
GH level was 3 ng/ml 6 years postoperative-
ly. It remained at the same level of 3 ng/ml
9 years postoperatively. However, OGTT
caused a paradoxical GH increase and the
IGF I value was 786 ng/ml. One year after
radiotherapy and under bromocriptine
treatment GH was 2.6 ng/ml without reac-
tion to OGTT and IGF I was 335 ng/ml.

To our surprise, two patients showed
spontaneous (?) postoperative improve-
ment of the serum GH levels after an ini-
tially unsatisfactory result. The first patient,
a 28-year-old woman, had a preoperative
GH level of 25.7 ng/ml. The value was low-
ered to 9 ng/ml by transsphenoidal sur-
gery. Postoperative prolactin was normal.
Bromocriptine was used for a period of 6
months and the patient conceived during
this treatment. Bromocriptine, therefore,
was stopped. The patient was delivered of a
normal baby 15 months after the operation.
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A control of GH and IGF I levels dem-
onstrated normal values of 2 ng/ml and
80 ng/ml respectively. A last control, 3%
years after surgery, again demonstrated a
normal IGF I value of 182 ng/ml. The sec-
ond patient was a 60-year-old woman. She
had a preoperative GH level of 23.3 ng/ml
and an IGF I value of 766 ng/ml. She was
treated with 3 daily injections of 100 pg SMS
201-995 one week before the operation be-
cause she was participating in an experi-
mental study. By error, a post-treatment,
preoperative control was not obtained. The
first postoperative control, obtained 10 days
after the intervention, showed a GH level
of 4.3 ng/ml without suppression during
OGTT. The IGF Ilevel remained markedly
elevated (626 ng/ml). However, the next
control, 3 months later, showed a drop in
the GH value to 1.3 ng/ml and in the IGF I
value to 219 ng/ml. The IGF I value was
287 ng/ml 2 years postoperatively. The pos-
sible influence of the pregnancy and of the
preoperative SMS treatment in these two
particular cases remains unexplained at the
present time.

Figure 3 demonstrates the effect of pitui-
tary surgery on acromegaly-associated dia-
betes. The term “cured” means that no
further medical treatment was necessary. A
number of patients, however, continued to
follow some qualitative dietetic rules for
personal reasons. A 24-year-old woman
presented a particularly impressive post-
operative course. She needed daily injec-
tions of 20 U of regular insulin combined
with 36 U of long-acting insulin for control
of blood glucose. Insulin was stopped im-
mediately after the second intervention in a
combined transnasal-transcranial proce-
dure. A diet was no longer necessary and
she tolerated even carbonated soft drinks
with a particularly high sugar content. Her
baseline serum GH level dropped from
8 ng/ml to a baseline value of 1 ng/ml with a
normal increase during the second phase of

the OGTT. Patients classified as “im-.

proved” were able to decrease their dose of
insulin or oral antidiabetic drugs.
Thirty-six patients suffered from new or
increased endocrine deficits after surgery.
Twenty-seven needed substitution with cor-
tisone, 27 with thyroid hormone, 9 with sex
steroids, and 2 permanent substitution with
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Fig. 3. Postoperative condition of diabetes
mellitus. For further explanation see text

vasopressin. Few patients needed sex
steroid substitution because of the ad-
vanced age of the majority (Fig. 1). One pa-
tient, a 48-year-old woman suffering from
an invasive supra- and intrasellar adenoma,
who had been operated on elsewhere by a
transethmoidal approach without evidence
of endocrine improvement, suffered from
active acromegaly (GH baseline level 10
ng/ml) and from poorly controlled diabetes
mellitus even with the combined use of oral
antidiabetics and insulin. She experienced a
severe visual loss after the second interven-
tion in a combined transnasal-transcranial
procedure and suffered from a disturbance
of her thirst center and diabetes insipidus,
leading to episodes of severe hyperna-
tremia. Her condition improved after suc-
cessful treatment of the diabetes insipidus
with salidiuretics. The GH level was 2
ng/ml, and the diabetes mellitus was cured
after the combined procedure.

No other neurologic complications were
observed. There were, especially, no
further cases of optic nerve damage. Tran-
sitory diabetes insipidus, usually lasting a
few days, rarely up to 3 months, was not
considered a complication because it is fre-
quently present after the use of alcohol as a
cauterizing agent in the tumor cavity [37].
Postoperative diabetes insipidus may be
mimicked by the well-known phase of post-
operative polyuria accompanied by a rapid
decrease of soft tissue swelling. The patients



Surgical Treatment of Acromegaly

may lose up to 9% (average 4.5%) of their
preoperative body weight within 3—7 days
[30].

Two patients, a 20-year-old woman and a
47-year-old man, suffered from postopera-
tive meningitis. The cerebrospinal fluid
(CSF) cell count was 1104 cells/mm® and
Staphylococcus aureus was grown in CSF
cultures. The meningitis was accompanied
by maxillary sinusitis. The CSF cell count
was 170/mm> and CSF cultures were nega-
tive in the second patient. Both patients re-
sponded well to antibiotic treatment. One
45-year-old man suffered four years after
transnasal surgery and postoperative
radiotherapy from rhinoliquorrhea and re-
current meningitis. All CSF cultures were
sterile. The CSF fistula was closed by a sec-
ond transsphenoidal operation and no
further attacks of meningitis were observed.

The postoperative condition of the nose
improved considerably because of the re-
duced soft tissue swelling, and breathing
improved as a result of routine correction of
septal deviations frequently found in pa-
tients suffering from acromegaly. Asymp-
tomatic septal perforations are found in an
average of 20% of patients undergoing
transnasal pituitary surgery [9]. The inci-
dence of septal perforations decreased to
13% after the introduction of the endonasal
approach. Subjective, postoperative wors-
ening of the nasal condition (nasal secre-
tions, nasal bleeding, nasal obstruction,
nasal dryness) occurred in 7% of 113 re-
cently re-examined patients [Ch. Gammert,
personal communication].
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Eleven of the 169 patients are known to
have died (Table 7). The death of two pa-
tients was related to the surgical interven-
tion. One 49-year-old man suffered from
advanced cardiomyopathy. He had severe
orthopnea and was bedridden before the
operation. The GH level was normalized by
the transsphenoidal operation. Cardiac
function, however, did not improve. He
died from heart failure 1 week after surgery.
Autopsy demonstrated complete removal
of the adenoma, cardiomegaly, and a few
peripheral pulmonary emboli. A second,
32-year-old man died from meningitis
caused by E. coli two weeks after the sec-
ond, transcranial, intervention of a com-
bined transcranial-transsphenoidal proce-
dure performed because of a giant adenoma
invading the frontal lobe. The route of in-
fection was probably the lumbar drainage
catheter inserted for prevention of CSF
rhinorrhea. GH was not normalized in this
patient. The two surgery-related deaths oc-
curred 8 and 10 years ago. The other 9
deaths were not related to the surgical inter-
vention (Table 7). The most common cause
of death was cardiovascular (6 of 11) as in
the study of Wright et al. [51].

Summary and Conclusions

Reports from the literature (Table 1) and
our own data show that acromegaly can be
treated effectively in the majority of pa-
tients by a transsphenoidal operation. Only

Table 7. Acromegaly: Mortality in 169 operated patients

Patient Age Sex Survival Postoperative Cause of death
years time GHnormal
1 49 M 1week yes Cardiomyopathy, heart failure
2 32 M 2weeks no Meningitis after craniotomy
3 45 F 1month yes Cerebral melanoma metastasis
4 69 M 7 months no Heart failure
5 38 M 2years yes Endocarditis
6 74 F 3years yes Heart failure
7 68 F Syears yes Unknown
8 71 M 6years yes Pulmonary cancer
9 65 F 8years no Cerebral infarction
10 67 F 8years yes Heart failure
11 49 F 10years yes Uterine leiomyosarcoma
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a few patients need a second, transcranial,
procedure for removal of remaining tumor
parts that cannot be reached by the trans-
nasal operation. The mortality and morbid-
ity of the operation are low. Our own obser-
vation suggests that both are lowered effec-
tively as the experience of the surgeon in-
creases. Normalization of the serum GH
can be obtained in two thirds of the patients
by surgery alone. The results in the remain-
ing patients can be further improved by ad-
ditional radiotherapy if GH levels have not
been normalized or if patients suffer from
recurrent GH hypersecretion.

GH hypersecretion recurred in only 4 pa-
tients. The interval of recurrence was less
than 10 years in all cases. This confirms the
statement of Tindall and Barrow [47], after
an observation period of 10 years, that there
appears to be little prospect of tumor recur-
rence. The size of the adenoma, presence of
invasive growth, and preoperative GH
levels are important parameters for control-
ling the outcome of transsphenoidal pitui-
tary surgery. This implies that every
adenoma causing acromegaly must be
treated assoon as the diagnosisismade. Un-
necessary delay, in spite of the extremely
slow growth of these adenomas [29], will
cause deterioration of the surgical prog-
Nosis.

Adenomas which have already been op-
erated on or irradiated have a dismal prog-
nosis. Immediate postoperative endocri-
nologic re-evaluation is mandatory for de-
tection of patients who need further treat-
ment — either re-operation for further de-
crease of the remaining tumor mass [34] or
radiotherapy.

We currently use preoperative SMS 201-
995 treatment. The drug is administered
during preoperative phases lasting 1.5 to 2
months and is given in 3 daily doses of
100 pg because this treatment is reported to
soften the tumor tissue. Shorter phases of 1
week or 1 month had been used in a first
series of trials [27, 44]. We have seen several
adenomas which became semiliquid. A
quantitative evaluation of the tumor con-
sistency of treated and untreated adeno-
mas, however, is impossible at the present
time. A final assessment requires further
studies. It is also not known whether this
pretreatment will improve the outcome of

A. M. Landolt et al.

transsphenoidal surgery. An improvement
of the outcome will be difficult to achieve in
view of the results presented.
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External pituitary irradiation can be given
using either a cobalt source, protons, or a
linear accelerator. The intrasellar implanta-
tion of *°Y has also been described, but is
not widely used.

Prior to growth hormone assays and mod-
ern surgical techniques for transsphenoidal
adenomectomy, radiotherapy was consid-
ered the treatment of choice for acromegaly
in many clinics. Exceptions were made in
the presence of marked or rapidly progres-
sive visual field deficits. Assessment was
based on the evaluation of thyroid, adrenal
and gonadal function, as well as on the pres-
ence of headaches, visual field deficits and
soft tissue changes.

Radiation Dosage

The older data (Table 1) indicated that in
terms of control of hyperfunction and visual
field deficits, radiotherapy was effective in
about 85% of cases, as long as the radiation

Table 1. The radiation dose-response in acromegaly

doses were at least 40 Gy. Lesser doses
yielded a lower control rate. There also ap-
peared to be an upper dose limit. Pistenma
et al. [8] (Table 1) used doses as high as 76
Gy but found 44 Gy in four and a half weeks
was adequate. Kramer [7] increased the
dose from 45 to 50 Gy when it became evi-
dent that control of GH hypersecretion was
slow at the lower dose level but, due to an in-
crease in complications (discussed later),
subsequently recommended not exceeding
46 Gy (1.8 Gy per fraction) [3].

Indications and Technique

Itis currently advisable to give radiotherapy
for incompletely resected tumours and/or
for those patients in whom the GH level re-
mains elevated postoperatively. It is alsoin-
dicated in patients in whom surgery is for
any reason contraindicated, being particu-
larly successful when used alone in patients
with small tumours and low pretreatment

Reference [9] [8] 7]
Calendar time 1942—-1959 1956—1972 19571971
Number patients 19 18 19 29
Radiation dose (Gy) ‘

Average 23.3 44 58 -

Range <35 >35-50 44—-176 40-50
Visual field defect

Pre-irradiation 7 8 6 -

Post-irradiation 4 1 2—4* -
Hyperfunction

controlled 5(26%) 14(78%) 17(90%) 25(86%)

* Unclear as to whether 2 or 4 of the 6 patients who had pre-irradiation defects and were treated with
irradiation alone had normal fields after radiotherapy
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GH levels. Bromocriptine or somatostatin
octapeptide should be given while awaiting
response to the irradiation.

After construction of an individual head
mask to immobilize the patient during
therapy, a bicoronal arc rotational
technique with wedge filters is used. An al-
ternative recommended method involves
three fixed fields (two lateral with wedge fil-
ters and one anterosuperior). A modern
linear accelerator is always employed. The
dose is limited to 45 Gy, as calculated at the
95% isodose line (meaning that no point re-
ceives a dose in excess of 47.4 Gy), given at
the rate of 1.8 Gy per day. This is consistent
with the recommendation of Bloom and
Kramer [3]. It is thought that limiting both
the individual fraction size and the total
dose is important. It should be noted that
the optic apparatus of non-acromegalic pa-
tients does not appear to have as great a
sensitivity to irradiation.

GH Responses to Radiation Therapy

Several studies suggest that the response of
GH to irradiation is dependent on the pre-
irradiation GH concentration and length of
time after treatment. Sheline and Wara [11]
(Table 2) found that, if control of acromeg-
alyis defined as achieving a fasting GH level
of <20 mU/1 (10 ng/ml), patients with pre-
treatment GH of less than 100 mU/l (50
ng/ml) 17/17 were controlled after 3 years,
whereas only five out of seven were con-
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trolled when theinitial GHlevelwas 100mU/
1 (50 ng/ml) or greater. Chang [4] (Table 2)
reported a similar experience. Bloom and
Kramer [3] found that with a pre-irradiation
level less than 80 mU/1 (40 ng/ml), nine out
of nine patients subsequently had “normali-
zation” of the GH level, whereas this oc-
curred in only five out of eight with initial
levels greater than 80 mU/1 (40 ng/ml). This
also accords with the experience at St Bar-
tholomew’s Hospital, where data are avail-
ableon27patientswithpretreatmentgrowth
hormone values of <50 mU/l and 43 with
values above this. In 70.4% of the former
group, butin only 37.2% of the latter group,
were growth hormone levels of <10 mU/1
eventually obtained. In patients with basal
growth hormone levels of <50 mU/, a
growth hormone of <10 mU/l occurred in a
significantly shorter time than in patients
whose growth hormone levels started >50
mU/1 (4.8 £ 0.4 years vs 7.05 + 0.6 years).
We have also studied a sub-group of 31
acromegalic patients, all of whom were reg-
ularly followed up for 10 years. A progres-
sive increase in the number of patients
reaching serum growth hormone levels of
<10 mU/1 (20 patients, 64.5%, at 10 years)
was observed. In this group the percentage
fall in growth hormone was calculated. The
maximum effectiveness of radiotherapy in
lowering growth hormone levels was ob-
served one year after treatment (53% of
pretreatment values). This was followed by
a gradual decrease in the rate of fall which
persisted after the eighth year of assess-

Table 2. The response to radiation therapy as a function of the initial GH level

Subsequent GH (mU/1)
Initial GH Interval Sheline and Wara[11] Chang[4]
(mUnN) (years) (>40Gy) (50Gy)
<20 <10 <20 <10
<100 1 821 2/21 - -
1% - - 4/6 1/6
2 19/23 9/23 - -
3 17/17 11/17 - -
6 - - 6/6 5/6
>100 1 5/10 4/10 - -
1% - - 0/5 0/5
2 5/'9 4/ 9 - -
3 5/ 7 4/ 7 - -
6 - - 2/3 1/3
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ment. A further sub-group of 18 patients
followed after treatment for more than 10
years showed a significant reduction in
growth hormone levels 11—15 years after
radiotherapy. In 3 of these patients growth
hormone levels of <10 mU/l were observed
for the first time 12—14 years after
radiotherapy.

Eastman et al. [5] (Table 3) reported one
of the larger series treated primarily with
radiotherapy subsequent to availability of
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the GH assay. Their series contained 47 pa-
tients, of whom 16 were followed for 10
years or longer. The mean decrease in
plasma GH level was 52% at two years and
77% five years after irradiation. When 20
mU/1 (10 ng/ml) was accepted as the upper
normal limit, the control increased from
38% at two years to 73% at five years and
81% by 10 years.

Several studies (Table 4) indicate that
radiotherapy also is effective in patients

Table 3. The results of megavoltage irradiation (40—50 Gy) when used as sole primary therapy. (Data

from [5])
Initial 2years Syears 10years

No. patients evaluated 47 42 33 16
Decreased plasma GH*
mean - 52% 77% 77%
<20mU/1 6(13%) 16 (38%) 24(73%) 13 (81%)
<10mU/1 1(2%) 7(17%) 14 (42%) 11 (69%)
Hypothyroid 4(9%) 6(14%) 4(12%) 3(19%)
Hypoadrenal 3(6%) 5(12%) 10(30%) 6(38%)
Hypogonadal

Male 4(13%) 7(32%) 7(41%) 7(58%)

Female 4 (19‘70) 5 (29%3) 7 (440/0) 2 (50(:70)

* Initial range: 10 to 500 mU/l; mean 120 mU/1

Table 4. The results of radiation therapy given for surgical failures

Institution Surgical technique Number of Post-radiotherapy
patients Interval Remission
irradiated (years) (GH<20mU/1)

University of Cryohypophysectomy 7 2 4

California, Transfrontal 4 2 3

San Francisco Transsphenoidal 16 <1to10 16

National

Institutes of

Health Transfrontal 5 2 4

Middlesex

Hospital,

London Transsphenoidal 6 ? 4

Karolinska

Institute, 18 Transsphenoidal 19 1to 10 16*

Stockholm 1 Transfrontal

Total 57 47 (82%)

* 10 patients reduced to <10 mU/1

References

UCSF: [2, 10] Middlesex:  [14]

NIH: [5] Karolinska:  [13]
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who fail to have their GH levels normalized
by a surgical procedure. Pooling data from
these studies using 20 mU/1 (10 ng/ml) as the
normal limit gives a control rate of 82%.
Werner et al. [13] who gave radiotherapy
four months to ten years after unsuccessful
surgery, had an 84% remission rate (53% if
10 mU/1 [5 ng/ml] is used as the definition of
remission). Interestingly, with isolated GH
hypersecretion the one- and ten-year con-
trol rates were 42% and 60% respectively,
but, if concomitant hyperprolactinaemia
was present, the control increased to 70 and
88% at these time intervals. However, this
experience has not been found at St Bartho-
lomew’s Hospital, where no significant dif-
ference was observed in terms of the growth
hormone response to radiotherapy between
basally normal and hyperprolactinaemic pa-
tients. Thus, serum growth hormone levels
of <10 mU/l were achieved in 9 out of 27
(33%) of initially normoprolactinaemic and
in 15 out of 34 (44%) of initially hyper-
prolactinaemic patients.

At our institution, external radiotherapy
is only given to a patient whose tumour is
entirely intrasellar. In none of the 73 pa-
tients we have studied and followed for up
to 15 years has tumour expansion occurred,
and in the majority of patients scanned after
radiotherapy a partially empty sella is
found.

Unwanted Effects of Radiation Therapy
With modern radiotherapy, in which the

high-dose volume is limited to the sella and
immediate parasellar region, the main com-
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plications of radiation therapy are limited to
effects on pituitary function (Table 3) and
the optic nerves/chiasm (Table 5). With
radiotherapy as the primary treatment,
Eastman et al. [5] reported a 10% increase
in the incidence of hypothyroidism 10 years
after treatment. In the same interval, hypo-
adrenalism increased from 6 to 38%. There
was a similar increase in the rate of
hypogonadism. It should be noted that, if
laboratory tests were equivocal, or their
timing uncertain, Eastman et al. recorded
the result as hypofunction, and attributed it
to the post-irradiation period. In patients
treated (50 Gy at 1.8 Gy per day) at the
Karolinska Institute, after failure of an
operative procedure to control acromegaly,
there was a high incidence of pre-irradiation
hypofunction [13]. It ranged from 24% for
hypothyroidism to 44% for hypogonadism.
After irradiation, the hypofunction rate in-
creased progressively with time. Although
panhypopituitarism was “100%” after 10
years, this represented only two patients,
hence, the accuracy of the estimate is open
to question. The experience at St Bartholo-
mew’s Hospital confirms that pituitary re-
placement therapy is not invariably needed
10 years after treatment. At a mean of 5.7
years after radiotherapy, 25% of patients
require replacement therapy [12]. Baskin et
al. [2] reported that 71% of patients under-
going transsphenoidal surgery followed by
postoperative irradiation developed hypo-
pituitarism, and in 50% this amounted to
panhypopituitarism. Feek et al. [6] reported
16, 30, and 47% loss of thyrotrophin, cor-
ticotrophin, and gonadotrophin function by
10 years for patients treated with surgery

Table 5. Reported instances of decreased vision after radiation therapy for acromegaly

Number patients Dose/fraction Impaired

treated (Gy) vision
Sheline et al. [9] 18 35-50/1.8 ' 1
Eastmanetal. [5] 47 40/3.0t050/2.0 1
Werneretal. [13] 25 50/1.8 None
Pistenmaetal. [8] 19 44-76/2.0 2
Chang[4] 35 50/2.0 1
Aloiaetal. [1] 10 55/2.0 None
Bloom and Kramer [3] 40 45-50/1.8—-2.2 -5
Total 194 10
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alone. For patients treated with surgery plus
radiotherapy the rates were 38, 54, and 70%
respectively. These studies indicate a sub-
stantial rate of hypopituitarism following
radiotherapy, which is progressive with
time and is increased by combining surgery
and irradiation.

We and others have assessed prolactin
levels after radiotherapy. In our whole
group of patients studied 2—5 years after
radiotherapy, different patterns in prolactin
behaviour were identified. In previously
surgically untreated patients, an increase in
prolactin levels was observed in 22 out of 23
patients who had normal levels before
radiotherapy, and in 17 out of 27 with hyper-
prolactinaemia initially. In contrast, 10 out
of 27 with elevated pre-radiotherapy levels
(all >1000 mU/1) had a reduction in prolac-
tin levels. In those patients who had a rise in
prolactin levels a progressive fall was seen
after a mean of 4 years. No correlation was
found between pretreatment prolactin
levels and final GH values. No relationship
was found between changes in prolactin and
the development of hypopituitarism. These
data show that different patterns of prolac-
tin behaviour may be identified in ac-
romegalic patients after radiotherapy,
suggesting that treatment may produce hy-
perprolactinaemia from mild hypothalamic
damage or conversely may ablate prolactin
secreting cells if these were present in the
tumour.

In a collected series of 194 patients with
acromegaly (Table 5) there were reported
instances of impaired vision following ir-
radiation. Inthree of these [8, 9] impairment
was due to tumour progression. The patient
of Eastman et al. [5] apparently was treated
contrary to general protocol and received 56
Gy at 2 Gy per day. This patient also had
systemic sarcoidosis with progressive de-
mentia and retinal lesions characteristic of
the uveal form of sarcoidosis, and it was un-
certain as to whether the visual impairment
resulted from irradiation or sarcoidosis.
Chang’s patient [4] received 55 Gy at2.2 Gy
per day, again contrary to the general policy
at the institution. Three of the five patients
of Bloom and Kramer [3] received 50 Gy.
Thus there were only two patients with
doses of 46 Gy or less who developed visual
impairment. Furthermore, in most reports
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it is unclear as to whether the stated dose is
the maximum dose delivered or represents
that calculated at some isodose line; with
certain older irradiation techniques the ac-
tual dose to the optic chiasm significantly
exceeds that to the pituitary.

Management of Acromegalics

Most acromegalics have either mixed GH-
and PRL-secreting tumours (35%) or pitui-
tary lesions that secrete GH alone. Clinical
experience suggests that there is a spectrum
of disease ranging from young patients who
often have very large tumours associated
with very high levels of GH which behave
fairly aggressively, to older patients at the
other end of the spectrum who have a much
smaller tumour and lower levels of GH;
these tend to progress more slowly. Earlier
debates suggesting that all patients should
be treated with only one modality are no
longer tenable. Often all three modalities of
treatment may be needed in a single patient,
particularly the younger ones with aggres-
sive tumours.

Itis clear that surgery resultsin arapid fall
in GH levels but equally it is not always suc-
cessful, particularly in patients with larger
tumours in whom there is a significant inci-
dence of surgically induced hypopituitar-
ism. External pituitary irradiation, al-
though eventually effective in the majority,
takes some time to work and bromocrip-
tine, although being extremely effective in
some patients, only rarely reduces GH
levels to normal. Somatostatin octapeptide
is more frequently effective. In the past the
treatment advised depended on the local ex-
pertise. With more widely available surgery
and radiotherapy, this should no longer be
the case.

If a patient presents with a large extrasel-
lar tumour, particularly if this is a mixed
GH- and PRL-secreting lesion, it is best to
try to decrease the size of the tumour first
with bromocriptine. This clearly needs ex-
tremely careful monitoring of tumour size
and visual fields. Surgery should be con-
templated at the end of three to six months
and is absolutely indicated if there is no
change in the size of the tumour, if GH
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levels remain high or if there is extrasellar
extension to the tumour. In these cir-
cumstances, surgery may not be curative
and radiotherapy has to be advised post-
operatively in order to achieve a remission
of abnormal GH secretion. In these cir-
cumstances, a somatostatin analogue, if ef-
fective, or bromocriptine has to be adminis-
tered in the interim period until the
radiotherapy has been fully effective.

In patients with tumours entirely con-
fined to the sella turcica a choice of therapy
is available. In competent hands, surgery is
most likely to cause a return of GH secre-
tion to normal most rapidly, and radio-
therapy is reserved for those patients in
whom a surgical cure is not achieved. It is
clear that radiotherapy is most rapidly effec-
tive in patients with small lesions associated
with minimal elevation of GH. Such pa-
tients and those who are unwilling to un-
dergo operation may be treated with
radiotherapy together with somatostatin oc-
tapeptide (Sandostatin®) or bromocriptine,
withdrawn at intervals to assess whether the
radiotherapy has been fully effective.

Medical treatment of acromegaly alone is
rarely indicated except in those patients
who are too old or unwilling to undergo ab-
lative therapy to the pituitary.

Conclusion

Acromegaly remains a stubborn therapeu-
tic challenge. The results of surgical man-
agement continue to improve with both
more widespread acquisition of expertise
and advances in techniques and patient
selection. Currently though, it is unclear
whether prior medical therapy alters the ef-
fect of surgery either with regard to its cure
rate or its complication rate. Furthermore,
the long-term recurrence rate after surgery
is not known and, particularly in those with
minimal elevation of GH postoperatively,
the exact biochemical indications for post-
operative irradiation are uncertain. Lastly it
is hoped that better medical treatment of
the disease will become available and that
the present optimism for treatment with
long-acting somatostatin analogues will be
realized.

J. A.H. Wass et al.
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6. Bromocriptine Treatment of Acromegaly

K. von Werder
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Refinement of microsurgical techniques
and improvement in applying high radiation
dosages selectively to the sella turcica have
made transsphenoidal surgery the accepted
therapy of choice in acromegaly, followed
by high voltage radiotherapy [5, 7, 15, 19].
However, though this has led to considera-
ble improvement of therapeutical results,
acromegaly is still a “stubborn therapeutic
challenge” as Daughaday pointed out 17
years ago [4]. Thus medical therapy with
either dopamine agonists {1] or, more re-
cently, somatostatin analogues [10] have
become important alternatives or addi-
tional tools in the therapeutic management
of active acromegaly [19].

Several drugs have been proposed for the
treatment of acromegaly. Estrogens, high
doses of progestins, chlorpromazine and
other dopamine antagonists have been
examined. However, none of these drugs
were shown to be effective in lowering GH
levels sufficiently. Liuzzi made the observa-
tion that L-dopa and dopamine agonists led
to a paradoxical reduction of growth hor-
mone levels in more than 50% of acro-
megalic patients [12]. In normal subjects
L-dopa, which is rapidly converted in the
hypothalamus into norepinephrine and
dopamine, stimulates GHRH release and
growth hormone secretion. In acromegalics
however, the inhibitory effect on GH re-
lease is mediated by direct stimulation of
dopamine receptors at the pituitary somato-
troph [16]. This is indicated by the fact that
after successful pituitary surgery the
paradoxical decrease of GH after L-dopa is
converted into aregular response with an in-
crease of the GH levels after L-dopa inges-
tion [7].

Selection of Patients

There is still controversy about the value of
GH suppression after acute dopamine
agonist administration as a predictor of the
response to long-term treatment. Lamberts
et al. have shown that patients with acro-
megaly and elevated prolactin levels have a
more pronounced decrease of the GH levels
after acute administration of 2.5 mg
bromocriptine than those patients with nor-
mal prolactin levels [9]. The hyperprolac-
tinaemic patients also show a more pro-
nounced inappropriate GH response to
TRH, suggesting that this test may have a
predictive value in respect of bromocriptine
responsiveness [9].

Since acromegalic patients with an in-
appropriate rise of GH after TRH are also
those patients who show an inappropriate
prolactin rise after GHRH [14], i.e. growth
hormone behaves prolactin-like and prolac-
tin behaves growth hormone-like, it may be
concluded that these patients harbour so-
called somatomammotrophic tumours,
which are particularly sensitive to bromo-
criptine [16].

Bromocriptine Dosage

Bromocriptine, which has been shown to be
highly effective in the treatment of hyper-
prolactinaemia, has been widely used for
the treatment of acromegaly [1-3, 17,
19—21]. Some authors have proposed the
administration of very high dosages up to 90
mg/day [1], though othier authors feel that
bromocriptine dosages above 20 mg/day do
not lead to better results in respect to lower-
ing GH levels [2, 17].
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Treatment Results

Besser et al. [1] have reported GH levels
below 5 ng/mlin 19% and GH levels below
10 ng/ml in 78% on high-dose bromocrip-
tine therapy. However, the same group re-
ported that 94% of their patients responded
clinically with, for example, a decrease in
finger circumference during bromocriptine
treatment. This discrepancy between
biochemical and clinical improvement has
also been observed by us and other inves-
tigators [2, 7, 19].

We attempted to elucidate the mecha-
nism to explain the discrepancy between
biochemical and clinical improvement [6].

K. von Werder

We like others [1] have examined the
changes in molecular heterogeneity of
growth hormone before and after bromo-
criptine administration. Growth hormone
circulates in a monomeric as well as a di-
meric form — “big” growth hormone — and
a small fraction which elutes with the void
volume — “big-big” growth hormone. After
bromocriptine administration preferential
suppression of the monomeric GH fraction
has been observed (Fig. 1).

Since the monomeric fraction is more ac-
tive in the radioreceptor assay than the di-
meric fraction, whereas there is no such dif-
ference between the various fractions in re-
spect of their immunological activity, pref-
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profiles in a 56-year-
8007 L2000 old patient with a GH-
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Both hormones were
measured by radio-
immunoassay (RIA)
and radioreceptor
assay (RRA). Serum-
chromatography was
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Fig. 3. Growth hormone and prolactin levels in a 40-year-old female patient with a GH- and PRL-pro-
ducing pituitary tumour after several operations and bromocriptine treatment. Though bromocriptine
lowers GH levels in this otherwise therapy-resistant patient, the effect on PRL levels is more pro-
nounced (von Werder K, Fahlbusch R, Landgraf R, Pickardt CR, Rjosk HK, Scriba PC (1978) Treat-
ment of patients with prolactinomas. J Endocrinol Invest 1:47—58). AGH human growth hormone,
APRL human prolactin, ACTH adrenocorticotrophic hormone, LH luteinizing hormone, TSH

thyroid-stimulating hormone
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Fig. 2. GH levels measured by radioimmunoassay (RIA) and radioreceptor assay (RRA) in 14 acro-
megalics after administration of 5 mg bromocriptine p.o. The percentage decrease in radioreceptor-
active growth hormone is more pronounced compared with the decrease of radioimmunoassayable
GH, though this difference cannot account for the discrepancy between biochemical and clinical
improvement observed in bromocriptine-treated acromegalics. A<GH human growth hormone
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erential suppression of monomeric GH
leads to a more pronounced fall in the radio-
receptor GH activity after bromocriptine
ingestion (Fig. 2).

However, these differences are not
enough to account for the differences be-
tween clinical and biochemical effects of
long-term bromocriptine therapy.

Furthermore, Liuzzi et al. [13] could
demonstrate a good correlation between
GH suppression measured by radioim-
munoassay and the fall of the somatomedin-
C level induced by dopamine agonist treat-
ment. Since the latter is believed to reflect
the clinical activity of the disease [16, 18],
the difference between clinical and
biochemical" improvement of acromegaly
remains unexplained.

Though the benefit of bromocriptine
treatment in acromegaly has been disputed

K. von Werde1

[11], there is no question that bromocriptine
is very useful in the treatment of individua
acromegalics. The patient shown in Figure *
had recurrent acromegaly and hyperprolac
tinaemia after several operations. She
showed definite improvement after long-
term bromocriptine therapy had been intro-
duced (Fig. 3).

Another patient had a triple hormone ex-
cess with acromegaly, hyperprolactinemia,
and ACTH-dependent bilateral adrenal
hyperplasia. Again, bromocriptine led tc
resolution of hyperprolactinaemia, sup-
pression of ACTH levels, and normaliza-
tion of growth hormone secretion (Fig. 4).

A female patient with hyperprolactin-
aemia and acromegaly had normal prolactin
levels but still elevated growth hormone
levels after surgery. Bromocriptine treat-
ment led to a fall in the growth hormone
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Fig. 4. Growth hormone, ACTH and prolactin levels in a patient with a triple hormone excess. This pa-
tient had acromegaly, hyperprolactinaemia, and ACTH-dependent Cushing’s disease. Bromocriptine
treatment leads to suppression of all 3 hormones. Again the effect on PRL levels is more pronounced
compared with the other 2 hormones. Persistent suppression after bromocriptine withdrawal is alsc
only seen with prolactin. #GH human growth hormone, #PRL human prolactin, ACTH adrenocortico-
trophic hormone
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levels and normalization of the menstrual levels under 5 ng/ml were achieved whereas
cycle allowing the patient to become preg-  in9 patients there was a significant fallin the
nant. Since prolactin levels were normal, elevated growth hormone levels. In 15 pa-
the objective improvement of gonadal func-  tients no significant effect was seen (Fig. 5).
tion must have been induced by the fallin  Recurrences with an increase in GH levels
the growth hormone levels. were seen in 4 patient during bromocriptine

We have treated altogether 46 patients medication; 3 of them developed overt clin-
with bromocriptine for a longer period of ical acromegaly again. However, tumour
time, 41 for persisting GH hypersecretion  shrinkage has been reported in pure soma-
after surgery and 5 who received primary  totroph tumours [21], Besser has recently
bromocriptine treatment. The GH levels claimed that 60% of acromegalic patients
before treatment ranged from 5t0798ng/ml  showed tumour shrinkage [personal com-
and the bromocriptine dosage ranged from munication]. We have not seen this, which
2.5 to 90 mg/day, the duration of treatment  may be due to the fact that the majority of
from one to nine years. In 17 patients GH our patients had already undergone
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Fig. 5. Growth hormone levels before and during bromocriptine therapy (mean of 3 basal levels) in 46
acromegalic patients. The daily bromocriptine dosage and duration of treatment are shown at the bot-
tom of the figure. The first line of numbers represents the dosage of bromocriptine (mg/day), the bot-
tom line the duration of therapy (months). TRH stimulation of GH secretion (100% increase) is de-
picted by +. The dashed line represents patients who later received additional therapy, R signals recur-
rence of active acromegaly [19]. A”GH human growth hormone, TRH thyrotropin releasing hormone
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surgery. However, we have seen one pa-
tient with a lactotroph somatotroph tumour
in whom we observed an increase in tumour
volume similar to that reported by other in-
vestigators [8]. Though tumour shrinkage
seems to occur, the latter is not comparable
to the massive shrinkage which is observed
in pure lactotroph tumours.

We have also looked at the effect of bro-
mocriptine therapy after previous radio-
therapy. Twenty seven patients of whom all
had received radiotherapy, 25 after previ-
ous surgery, did not respond more mark-
edly than those who had not received radio-
therapy, indicating that bromocriptine and
radiotherapy have no potentiating effect in
lowering growth hormone levels.

Furthermore, 12 patients with acromeg-
aly and hyperprolactinaemia — prolactin
levels ranged from 600 to 50 000 pU/ml —
received bromocriptine in a dosage of 2.5 to
60 mg/day. Whereas bromocriptine led to
normalization of prolactin levels in all 12,
GH levels fell below 5 ng/ml only in 5 (Fig.
6). Reduction of GH secretion was seen in 3

whereas no effect upon GH levels was ob-
served in 4 patients. There was no signifi-
cant increase in the responsiveness of the
GH levels to dopaminergic suppression in
hyperprolactinaemic acromegalics com-
pared with acromegalics with normal pro-
lactin levels. The TRH/GnRH-stimulated
GH secretion was not a prediction of the
outcome of long-term dopaminergic ther-
apy, which is in contrast to the short-term
results obtained by Lamberts et al. [9].

There is another difference in the effec-
tiveness of bromocriptine when prolactin
suppression is compared with growth hor-
mone suppression after long-term treat-
ment with the drug. Whereas prolactin is al-
most always suppressed, this is not the case
in respect of growth hormone and, whereas
prolactin remains suppressed for a long
period of time after drug withdrawal,
growth hormone rises to pretreatment
levels immediately when intake of the drug
is stopped [19]. How this can be reconciled
with the observed tumour shrinkage re-
mains open.
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Table 1. Effect of bromocriptine treatment on serum GH levels in patients with acromegaly

Author(s) Number of Dosage Length of Serum GH levels
cases (mg/day) treatment <5 <10
(month) ng/ml (%) ng/ml (%)
Besseretal. 101 10—-60 9—-60 19(19) 78(78)
Quabbe 30 10-30 6 10(33) 23 (78)
Ownseries 46 2.5-60 10—84 17(37) 31(68)

Table 1 summarizes the results obtained
with bromocriptine in 3 series of acro-
megalic patients. It shows that about 25 to
30% of the patients will have GH levels
below 5 ng/ml which is a rather poor out-
come when compared with the overall re-
sults of the surgical treatment [15, 17, 19].
Therefore, though dopamine agonists are
effective in patients with growth hormone
hypersecretion, they do not represent the
first choice treatment [7, 19]. Transsphenoi-
dal surgery or radiotherapy should be per-
formed as an initial step of treatment. How-
ever, dopamine agonists are useful in the
management of those patients who remain
clinically active after the two procedures
[19]. Whether the other medical alternative
— somatostatin analogues, e.g. Sandosta-
tin® [10] — will make medical therapy of
acromegaly a true alternative to surgery or
radiotherapy remains to be established.
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Natural somatostatin (SRIF) is a tetra-
decapeptide with a multiplicity of inhibiting
actions on the secretion of a variety of hor-
mones. Irn vivo, the compound has a biolog-
ical half-life of only two to three minutes
and its clinical route of application is there-
fore restricted to that of intravenous infu-
sion. The challenge facing peptide chemists
over the last one and a half decades has been
on the one hand to increase the stability of
the molecule and thus improve the duration
of action, and on the other to design ana-
logues with an improved specificity in re-
spect of selective inhibition of the secretion
of a single hormone.

Drug Design

J. Rivier performed elegant work at the Salk
Institute in a resolute pursuit of the “mini-
mal essential sequence” of SRIF (Table 1),
in the course of which he synthesized a
number of analogues of reduced size. This
work led to the conclusion that, while the
sequence Phe® to Phe!! is important for
reasonable biological activity, the sequence
Phe’ to Thr'® is essential.

In our laboratories, the strategy adopted
to obtain highly active analogues with a re-
duced size was the stepwise incorporation of
additional structural elements of the natural
tetradecapeptide into this minimal essential
sequence. The tetrapeptide sequence Phe’
to Thr'® was first conformationally
stabilized by means of cyclization with a cys-

Table 1. Biological potencies of [D-Trp®]-oligosomatostatins. In vitro activity was determined in pri-
mary cell cultures of rat pituitaries. (Data taken from Vale et al. [6])

AASdeleted No.AA Structure GHinvitro
(SRIF = 100)
Ala-Gly-Cys-Lys-Asn-Phe-Phe-DTrp

- 14 I | 800
Cys-Ser-Thr-Phe-Thr-Lys
Cys-Lys-Ans-Phe-Phe-DTrp

1,2 12 I | 400
Cys-Ser-Thr-Phe-Thr-Lys
Cys—————Phe-Phe-DTrp )

1,2,4,5 10 l | 110
Cys-Ser-Thr-Phe-Thr-Lys
Cys—————Phe-Phe-DTrp

1,2,4,5,12,13 8 | | 4
Cys———Phe-Thr-Lys
Cys———Phe-Phe-DTrp

1,2,4,5,11,12,13 7 | | 0.07

Cys——— Thr-Lys
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Table 2. Structures and biological activities of SRIF analogues (A-Cys—Phe-DTrp-Lys-Thr-Cirs-B). In
vitro activities were measured in primary cell cultures of rat pituitaries after stimulation with isobutyl-
methylxanthine (IBMX). Cells were cultured for 4 days, incubation with peptides was for 3 h. In vivo
potencies were determined 15 min after i.m. administration in male rats under Nembutal anaesthesia.

SMS is the abbreviation for Sandostatin

Substituents Potency GH (SRIF = 100)

A B invitro invivo

1 H NH, <0.1 1.4

2 H D-Ser(NH) <0.1 33
3 D-Phe NH, 4 165
4 D-Phe D-Ser(NH,) 12 680
5 D-Phe Ser(ol) 19 2800
6 D-Phe Phe(ol) 32 650
7 D-Phe D-Thr(NH,) 47 1160
8 D-Phe D-Thr(ol) 54 1100
SMS D-Phe L-Thr(ol) 300 7000

tine bridge (Table 2). Physical and comput-
er-assisted model building suggested that
D-Phe at the amino-terminal end might be
able to occupy at least part of the conforma-
tional space available to Phe® of SRIF.
Compound 3 was the first to show reason-
able biological activityin our cell culture sys-
tem. Further addition of structural elements
at the carboxyl-terminal position enhanced
activity both in vitro and in vivo. Compound
9, with the code name SMS 201-995, rep-
resented the culmination of this strategy
and was selected for further development.

It is of interest that the in vitro activity of
this compound is not particularly high when
compared with SRIF, but the in vivo activity
is outstanding. This may be taken as evi-
dence that the most important improve-
ment achieved in relation to natural SRIF is
high stability against metabolic degrada-
tion, which has led to a favourable phar-
macokinetic profile. Molecular modelling
techniques show that SMS 201-995 almost
perfectly mimics that fragment of SRIF
which had been identified as being essential
for biological activity [1,7].

Pharmacodynamic Profile

Potency and Duration of Action

The following four experiments, selected
from the many we have performed, will

serve to demonstrate the high biological po-
tency of Sandostatin® (SMS 201-995).

Experiment 1: Conscious rats with chron-
ically implanted catheters in the jugular vein
received subcutaneous injections of Sando-
statin. Every fifteen minutes, morphine was
infused through the catheter in order to
stimulate the secretion of growth hormone
(GH), and blood was sampled immediately
before each morphine dose. GH levels were
measured by means of specific radioim-
munoassay (RIA) and expressed in percent
of the control group (Fig. 1). It is evident
that Sandostatin inhibited GH secretion to
the same extent as SRIF, and for a signifi-
cantly longer time, at doses which were one
thousand times lower than those of SRIF.

Experiment 2: SRIF and Sandostatin
were injected subcutaneously in pentobar-
bital-anaesthetized rats. After different in-
tervals of time, the rats were decapitated,
trunk blood was collected, and GH levels
were measured by means of RIA. Fifteen
minutes after the administration of the
drugs, the EDs, for inhibition of GH secre-
tion were 8.2 pg/kg and 0.08 pg/kg for SRIF
and for Sandostatin respectively. After one
hour, this potency ratio had increased from
100 to 12 000. Six hours after administra-
tion, Sandostatin was still half as potent as
was SRIF 15 min after administration.

The experiments described above dem-
onstrate rather dramatically that Sando-
statin has a longer duration of action than
SRIF; and that the potency ratiois both very
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Fig. 1. Time and dose-
dependent effects on
morphine-stimulated
growth hormone se-
cretion in the rat.
Sandostatin (solid
lines) was given at
doses of 0.1 pg/kg s.c.
(x)and 1 pg/kgs.c.
(®) and somatostatin
(brokenlines) in doses
of 100 pg/kg s.c. (X)
and 1000 pg/kgs.c. (@)
respectively. Mor-
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jectedi.v. every 15
min, immediately
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high and dependent on the experimental
conditions. The following two examples
show that the very high potency and stability
of Sandostatin result in oral activity after ap-
plication of a reasonable dose in different
animal species.

Experiment 3: Male rats were implanted
with gastric fistulae. After a recovery period
of at least seven days, experiments were
commenced by starving the animals for
18 h. Either Sandostatin or cimetidine was
given orally in water. One hour after drug

after blood sampling.
(N =7 per dose)

administration, i.e. after that time which
had previously been determined to be
necessary for complete clearance of the
given volume from the stomach, the fistula
was opened and the gastric juice sampled
half-hourly. Figure 2 clearly shows that
0.5 mg/kg Sandostatin was equi-active to
10 mg/kg cimetidine with regard to both po-
tency and duration of action.

No difference was seen in the qualitative
effects; neither drug affected either the con-
centration of bound acid or the volume of

pH
B_

Fig. 2. Oral administra-
tion of Sandostatin
and cimetidine in the
rat: effects on gastric
acid secretion. Sando-
statin (X) 0.5 mg/kg
and cimetidine (O) 10
mg/kg were applied
orally at timé zero and
the effect on the pH of
the secreted gastric
juice was compared

{ with control rats (@).
N = 5 per dose. Note

30

thatanincrease of 1 pH

unit indicates 90%

reduction of acid con-
_centration
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Fig. 3. Oral application of Sandostatin in the rhesus monkey: effects on growth hormone and insulin.
Sandostatin was given together with a small piece of banana in doses of 0.01 (+),0.03 (x),0.1(0),and
1 (®) mg/kg respectively. The results are expressed in percent of control values after the application of
placebo, in this case a small piece of banana. (N = 4—7 per dose, 12 in the control group)

juice secreted. These results show, together
with the known inhibitory effect of somato-
statin on the secretion of gastrin [2], a pro-
file of action for Sandostatin which suggests
its potential applicability in peptic ulcer dis-
ease [3].

Experiment 4: Male rhesus monkeys were
adapted to a chair and to sitting in it for the
duration of the experiment. Drugs were
given orally together with a small piece of
banana. Blood sampling was performed in
an essentially stress-free manner from an
adjacent room via a catheter chronically im-
planted in the saphenous vein. The animals
were fasted overnight prior to each experi-
ment. Figure 3 shows the effects of Sando-
statin on the secretion of growth hormone
and of insulin. The inhibition of secretion
was dose-dependent and long-lasting.
Natural somatostatin inhibited the secre-
tion of GH and insulin by 75% after a dose
of 0.1 mg/kg subcutaneously, but this effect
was transient and lasted only 30 min (data
not shown). It can be seen that the effect of
Sandostatin upon insulin secretion was of
much shorter duration than on GH secre-
tion. Thus the specificity of Sandostatin in
inhibiting GH, rather than insulin, secre-
tion is a time-dependent phenomenon.

Specificity

Somatostatin was first described asa growth
hormone release-inhibiting factor. It soon
became clear, however, that SRIF has a
multiplicity of inhibitory activities, for
example on the secretion of insulin, gluca-
gon, gastrin, thyroid-stimulating hormone,
and a variety of peptide hormones of gas-
trointestinal origin. It was therefore an im-
portant goal of analogue design to syn-
thesize peptides with more specific actions.
The inhibitory effect on insulin secretion
was regarded by us as representing the prin-
cipal disadvantage for potential long-term
administration in indications such as acro-
megaly and especially non-insulin-depen-
dent diabetes mellitus.

When we looked at the actions of Sando-
statin on GH, insulin, and glucagon secre-
tion in the rat, we found that relative tc
SRIF, the analogue was 70 times more po-
tent in its action on the release of GH, but
only 3 times more potent on the release o
insulin. Sandostatin thus had an improvec
selectivity for GH in relation to insulin by ¢
factor of 70 to 3, i.e. 23. These hormonc
measurements were all performed 15 mir
after intramuscular administration of the
drug. After subcutaneous administration it
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Fig. 4. Specific effects of somatostatin and Sandostatin in monkeys after s.c. administration in the thigh.
SRIF was given at a dose of 316 pg/kg and Sandostatin at a dose of 1 ug/kg. GH (O) andinsulin (@) were
determined by means of RIA. GH growth hormone

the conscious male rhesus monkey (Fig. 4) it
became clearly apparent that the measured
specificity is mainly a reflection of the differ-
ent time courses of action of the drug on the
secretion of different hormones, the effect
on GH being much more prolonged. Even
with SRIF, the effect on GH relative to insu-
lin secretion is stronger to a slight but sig-
nificant degree, but Sandostatin showed a
much more favourable profile — a dose of
1 pg/kg s.c. had a less potent effect than
316 pg/kg SRIF on insulin secretion but a
more potent effect on GH secretion.

Tumour Models

There are many reasons why it would be of
interest to mimic human diseases in animal
models. In this short overview of the phar-
macology of Sandostatin we will confine
ourselves to two examples. In receptor
binding studies, high-affinity binding sites
for SRIF can be demonstrated both on
pituitary cells and in the pancreas [4]. It is
therefore reasonable to expect receptor-
mediated effects of somatostatin in these
two organs.

Estrogen-Induced Pituitary Hyperplasia

When rats are implanted with a Silastic®

tube containing estradiol (E2), they de-
velop hyperplasia of the pituitary gland and
marked hyperprolactinaemia. The specific
concentration of prolactin-mRNA in-
creases whereas that of GH-mRNA di-
minishes. In contrast to its effects in normal
rats, Sandostatin potently inhibits the secre-
tion of prolactin in E2-treated rats. This
could be shown both in vitro (data not
shown) and in vivo.

In a typical experiment, male rats were
implanted with 10 mg E2. After two
months, they were divided into different
groups. The control group continued to re-
ceive E2 from the implant, but no other
treatment. The second group received in
addition 10 ug/kg/h Sandostatin from a sub-
cutaneously implanted Alzet minipump.
The third group had their E2 implants re-
moved. In these latter rats, the E2 concen-
tration in blood fell from 260 pg/ml to nor-
mal levels of about 6 pg/ml within one day.
The established pituitary hyperplasia was
reduced by 50% within a month and the ele-
vated prolactin levels returned to normal
within one to two weeks. In the Sandostatin-
treated group, pituitary size was reduced by
35% after one month and prolactin levels
were decreased by 65%. In the control
group, the already increased pituitary size
remained constant or even tended to further
increase. This effect of Sandostatin might
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be of relevance for the treatment of estro-
gen-dependent neoplasias.

Insulinoma

Fragments of a hamster insulinoma bearing
high-affinity somatostatin receptors were
freshly transplanted in hamsters. The ani-
mals were then treated daily with 200 pg/kg
Sandostatin subcutaneously. After one
month, tumour growth was inhibited by
40% compared with controls. A moderate
effect of Sandostatin on the growth of well-
established insulinomas could thus be ob-
served [5]. This effect may be of relevance
for the use of Sandostatin in the treatment
of gastroenteropancreatic tumours.

Pharmacokinetics

Disposition in the Rat

Pharmacokinetic parameters were mea-
sured by means of three tools. First, the de-
velopment of a specific radioimmunoassay
for Sandostatin enabled us to determine
precisely the concentration of unchanged
peptide in plasma and in various tissues.
Second, a tritiated form of the molecule was
synthesized in which the radioactive isotope
was introduced into the side chain of the
lysine residue. Third, an alternative radio-
labelling was performed by introduction of
4C into the side chain of the D-tryptophan.
Similar plasma levels and excretion values
were obtained using the three different
analytical techniques. Sandostatin exhibits
a markedly prolonged half-life of 20 min in
plasma after s.c. injection, which compares
favourably with the 2—3 min observed for
SRIF. When administered s.c. and i.v. to
bile-duct-cannulated rats, 50% .and 73% of
the given dose respectively were excreted in
bile within eight hours, essentially as un-
changed drug. About 20 to 25% of the ad-
ministered dose appeared in the urine,
again unmetabolized. In intact animals, al-
most no unchanged drug could be recovered
from the faeces. It can be concluded from
these results that Sandostatin is extremely
stable in the circulation, is mainly excreted
via the bile, and is then broken down by the

P. Marbach et al.

local fauna in its further passage through the
intestinal tract. Figure 5 shows representa-
tive HPLC profiles of the radioactivity in
various biological fluids and in the faeces

SMS

bile
\
/-A L
feces
SP:S
3 SMS

urine

A

SM$ :
f
plasma
An AN

Fig. 5. HPLC-chromatograms after i.v. adminis-
tration of “C-labelled Sandostatin (SMS) in the
rat. Chromatograms were run on RP-18 columns,
0.46 x 10 cm, equipped with a pre-column. The
elution gradient was from 0 to 10% (2 min), 10 to
20% (5 min), and 20 to 65% (25 min) solvent B in
A respectively at a flow rate of 1.5 ml/min. Sol-
vent A: 0.2% TFA in water, solvent B: 0.2%
TFA in acetonitrile. Bile, urine, and faeces were
pooled samples from 0 to 2, 7, and 24 h respec-
tively; plasma was taken at 30 min after adminis-
tration
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after intravenous administration of Sando-
statin in the rat.

Organ Distribution Pattern

In order to study further the distribution of
Sandostatin, the concentrations of the drug
in different organs were determined. San-
dostatin was administered subcutaneously
to rats at a dose of 1 mg/kg. At different in-
tervals, the animals were killed and their or-
gans dissected out and homogenized in
acidic methanol. The extracts were
lyophilized in a Speed-Vac concentrator
and taken up in buffer for determination of
drug concentrations by means of RIA. The
recovery rate of this procedure was greater
than 80%. Thirty minutes after the ad-
ministration of Sandostatin, unchanged
drug amounted to 517 ng/ml in the plasma,
345 pg/mg in the skin (excepting the site of
injection), 94 pg/mg in the pancreas, and
98 pg/mg in the pituitary. Seven hours after
administration, drug levels were 1.2 ng/ml
and 26, 127, and 60 pg/mg respectively.
These data highlight the differences in phar-
macokinetic behaviour in assumed target
and non-target organs. The very slow elimi-
nation from presumed target organs may
partially explain the long duration of action
of Sandostatin, particularly after sub-
cutaneous injection.

Safety

Sandostatin was extremely well tolerated
after single application in various species. In
the primary observation test in rats, where
effects both on the central nervous system
and on the periphery are closely monitored,
and in cardiovascular investigations in the
cat, Sandostatin showed no untoward side
effects. In particular, there was no respira-
tory disturbance, no appearance of stereo-
typed behaviour, and no changes in muscle
tone even with doses of 3 mg/kg s.c. Doses
several orders of magnitude higher than
those which elicited endocrine effects pro-
duced only a minor reduction in blood pres-
sure and a slight potentiation of the pressor
effects of noradrenalin.

In a26-week intraperitoneal study in rats,
Sandostatin was well tolerated at doses of
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0.02, 0.1 and 1 mg/kg/day. Histological
examination revealed no changes attribut-
able to drug treatment. The no-toxic-effect
level (NTEL) could be set at 1 mg/kg/day,
which gives a safety factor of approximately
150 to 1500 when compared with the doses
intended for administration in various indi-
cations in man.

Summary

Sandostatin is an analogue of SRIF with
dramatically improved biological stability.
This has led to a considerable increase in
duration of action, which circumvents the
necessity for intravenous infusion — the
analogue may conveniently be administered
by subcutaneous injection. The prolonged
biological half-life further elicits a marked
specificity for inhibition of the secretion of
growth hormone, since the inhibitory effect
on insulin secretion is much shorter-lived,
probably because of counter-regulatory
mechanisms. It has been possible to dem-
onstrate a beneficial effect of Sandostatin
on the growth of tumours.

Pharmacokinetic measurements dem-
onstrate the stability of Sandostatin in
biological fluids and in tissues and reveal a
high biliary excretion together with a slow
rate of disappearance from target tissues.

All these favourable properties, taken to-
gether with the lack of important side effects
after acute and long-term administration,
make Sandostatin a very attractive potential
drug for the treatment of acromegaly, gas-
troenteropancreatic tumours, hypersecre-
tory disorders of the gastrointestinal tract,
and of diabetes.
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The hypothalamic hormones, somatostatin
and growth hormone releasing hormone
(GHRH) play a central role in the regula-
tion of normal growth hormone (GH) secre-
tion. Studies using cultured tumor cells pre-
pared from the GH-secreting pituitary
adenomas of acromegalic patients, showed
that hormone secretion by these cells has re-
tained qualitatively a high sensitivity to the
inhibitory effect of somatostatin and to the
stimulatory effect of GHRH [10]. On a
molar base, somatostatin inhibits GHRH-
stimulated GH secretion by these cultured
human pituitary tumor cells in a non-com-
petitive manner, making somatostatin in
theory an excellent drug for the treatment of
acromegaly. It took many years after the ini-
tial discovery of somatostatin [3] to prepare
a clinically useful long-acting somatostatin
analog which has proved to be successful in
the chronic treatment of this disease. San-
dostatin® (octreotide, SMS 201-995) is a
preferentially GH-inhibitory analog of
somatostatin, which can be administered
subcutaneously or even orally [25] and has a
half-life after subcutaneous administration
of 113 min [2, 7].

The Acute Effects of Sandostatin

A typical example of the effects of Sando-
statin on circulating GH, glucose and insu-
lin levels is shown in Figure 1. In this acro-
megalic patient mean GH levels amounted
on a control day to 36 £ 3 pg/l (mean +
SEM; n = 17 samples collected over 24 h).
The subcutaneous administration of 25, 50
and 100 pg Sandostatin induced a rapid and
impressive inhibition of the plasma GH con-
centrations, which was maximal 2 h after ad-
ministration of the drug. The effect of these

three doses of Sandostatin on GH secretion
differed especially with regard to the dura-
tion of the inhibitory effect on GH release.
In other, more extensive, studies in 7 acro-
megalic patients [9], we showed that 50 and
100 pg Sandostatin induced, from 2 to 6 h
after subcutaneous administration, a similar
reduction of GH levels by 85% and 86%, re-
spectively. However, the dose of 100 pg
Sandostatin caused a significantly longer in-
hibitory effect on GH than did 50 pg: from 2
to 10 h after administration of the drug GH
levels were suppressed by 62% after 50 pg
and by 81% after 100 ug Sandostatin (p <
0.01).

The postprandial increment of glucose
after breakfast increased in a dose-depen-
dent manner after Sandostatin administra-
tion (Fig. 1, middle part). This was caused
by a short-lived dose-dependent inhibition
of insulin secretion for only about 2 h. Ear-
lier studies in normal volunteers showed
that Sandostatin inhibits normal GH and
insulin secretion for about 3.5—4 and
1.5-2 h, respectively [7]. Therefore it can
be concluded from Figure 1 that the somato-
statin analog exerts a much longer inhibi-
tory effect on tumoral than on normal GH
secretion, making it a very attractive drug
for the chronic treatment of acromegaly.
Further, of paramountimportance is the ab-
sence of a rebound hypersecretion of hor-
mones as the effect of the drug tapers off;
this, in sharp contrast to the rebound hyper-
secretion observed after the intravenous ad-
ministration of natural somatostatin [11].

We investigated the acute effect of the
subcutaneousinjection of 50 ug Sandostatin
on plasma GH levels in comparison with the
hormone levels on a control day in 41 con-
secutive acromegalic patients. Mean plasma
GH levels were 42 + 11 pg/l on a control day
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Fig. 1. A comparison
between the effects of
the subcutaneous ad-
ministration of 25, 50
and 100 ug Sandostatin
(SMS) (@—®) and of
placebo (O—O) on
plasma growth hor-
mone (GH), glucose
and insulin levelsin a
56-year-old untreated
male acromegalic pa-
tient. M = meal. (With
kind permission from

D

but were suppressed to 8 + 2 ug/l (=81 %
4%) from 2 to 6 h after Sandostatin ad-
ministration (Fig. 2). The plasma GH con-
centrations were suppressed to below 5 ug/l
in 24 (58%) of these 41 patients and to
below 50% of the levels on the control day
in 34 (83%) of them. These data point to a
considerable variation in the sensitivity to
Sandostatin of GH secretion in acromegalic
patients. GH secretion in 17% of these pa-

tients shows a rather low sensitivity to
somatostatin. This observation is closely
parallel to the studies by Reubi and Landolt
[24] who showed a considerable variation in
the number of somatostatin receptors on
the pituitary tumors of acromegalic pa-
tients.
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Chronic Treatment In all 10 patients long-term Sandostatin

Several reports have been published so far
which show that acromegalic patients re-
spond favorably to chronic treatment with
Sandostatin[1, 4, 5, 8, 12,20—23]. Our own
results involving chronic treatment for a
mean of 66 weeks of 10 patients with San-
dostatin in a dose of 200—300 pg daily in
two or three subcutaneous injections were
recently published [16].

treatment resulted in rapid clinicalimprove-
ment that ranged from modest to complete
disappearance of signs and symptoms. Ex-
cessive sweating, headache, paresthesias
and tiredness markedly decreased within
the first weeks of treatment and disap-
peared during long-term treatment in most
patients (Fig. 3). A decrease in soft tissue
swelling and remodelling and improvement
of the classical features of acromegaly were
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Fig. 3. Course of clini-
cal features before
(left column), after 4
(middle column), and
after 66 weeks (right
column) of treatment
with Sandostatin (300
ug/day) of 10 acrome-
galic patients. Values
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noted in all patients after longer periods of
treatment.

Each subcutaneous administration of
Sandostatin was followed by a rapid decline
in circulating GH levels in all patients, in
most instances for several hours, to below
5 g/l or even to be undetectable. However,
5—7 h after drug administration the GH
levels gradually increased again in all pa-
tients towards the next injection (Fig. 4).
This tendency to increase remained evident
in most patients even after 2 years of San-
dostatin therapy. However, chronic con-
tinuous therapy with three injections of the
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drug per day resulted in a gradual decrease
in this tendency of GH levels to increase to-
wards the next injection. Typical 24-h GH
profiles during long-term Sandostatin treat-
ment from a patient in whom a gradual
further decrease of the mean GH levels oc-
curred is shown in Figure 5. Itis evident that
the serum somatomedin-C (Sm-C) levels in
this patient also gradually further decreased
parallel to the mean GH levels; the Sm-C
value eventually normalized in this patient
after 2 years of Sandostatin therapy (Fig. 5,
lower part). In a total of 6 patients in whom
the 24-h GH profiles and Sm-C levels could
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be regularly measured during long-term
therapy with 200—300 ug/day for 1.5-2
years, this slow, gradual, further improve-
ment during uninterrupted Sandostatin
therapy was also observed (Fig. 6): The 24-h
plasma GH levels were 12.3 + 2.8 (mean =+
SEM) after 6—12 months of Sandostatin
therapy and 5.9 + 1.6 ug/l after 18—24
months of unchanged medical treatment
(p < 0.01). Serum Sm-C concentrations at
those time points were 3.7 + 1.1 and 2.8 +
0.6 U/ml, respectively (p < 0.01; Fig. 6
right).

In the total group of 10 patients Sm-C and
GH levels decreased during Sandostatin

therapy by 60% (from 7.3 £ 0.9 t0 2.9 +
0.7 U/ml) and by 87% (from 44.0 + 7.8 to
5.9 £+ 1.0 ug/l), respectively (Fig. 7). Sm-C
levels normalized in 5 of these 10 patients.
Interestingly, there was a close correlation
between the response of circulating GH
levels to a first “trial” dose of 50 ug Sando-
statin and the degree of suppression of GH
levels reached during chronic Sandostatin
therapy. There was also a statistically sig-
nificant correlation between all mean GH
levels (the means of the 24-h GH profiles)
and Sm-C levels determined before and
during therapy in these 10 patients (Fig. 8;
n=57; p < 0.001) [17]. This observation
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ment of acromegalic patients with Sando-
statin can be done on the basis of the course
of circulating Sm-C levels; there seems no
need for extensive measurements of GH
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Fig. 6. The course of
the mean 24-h growth
hormone (GH) levels
(left) and somato-
medin-C (Sm-C) levels
(right) during long-
term Sandostatin
therapy in 6 acro-
megalic patients

A slight decrease in pituitary tumor size
was observed in about half of the acro-
megalic patients during Sandostatin therapy
[8, 12, 16, 26]. However, tumor size reduc-

Fig. 7. The effects of
chronic treatment of
10 acromegalic pa-
tients for a mean of 66
weeks with 200—300
pg Sandostatin per day
on mean 24-h growth
hormone (GH; left)
and somatomedin-C
(Sm-C) levels (right)
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