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Abstract

A 46-year-old woman with acromegaly and hyperthyroidism due to a pituitary adenoma. She
had high serum thyroid-stimulating hormone (TSH) levels and very high serum growth hormone
(GH) levels. Transsphenoidal removal of the tumor, post-operative irradiation, frontal craniotomy
for removal of residual tumor and large-dose bromocriptine therapy were carried out consecu-
tively. After therapy, serum GH levels gradually decreased, but not to the normal range, and serum
TSH levels remained at inappropriately normal levels. Using immunoperoxidase techniques, GH-,
TSH- and follicle-stimulating hormone (FSH)-containing cells were demonstrated in the adenoma.
A long-acting somatostatin analogue (SMS 201-995, 600 micrograms/day) suppressed the serum
GH level to the normal range with a concomitant suppression of TSH. Furthermore, the paradox-
ical serum GH responses to TRH and LH-RH were slightly improved. No important subjective
side-effects were noted. Therefore, SMS 201-995 appeared to be a very effective drug in this
patient with a GH- and TSH-producing pituitary tumor.
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Effect of a Long-Acting Somatostatin Analogue (SMS 201-995) on a Growth
Hormone and Thyroid Stimulating Hormone-Producing Pituitary Tumor

Ryuto Hirasawa*, Kozo Hashimoto, Shinya Makino, Shuso Suemaru, Toshihiro Takao, Zensuke
Ota, Yoshihiko Hoshida?, Tadashi Yoshino® and Tadaatsu Akagi®

Third Department of Internal Medicine and “Second Department of Pathology, Okayama University

Medical School, Okayama 700, Japan.

A 46-year-old woman with acromegaly and hyperthyroidism due to a pituitary
adenoma. She had high serum thyroid-stimulating hormone (TSH) levels and very
high serum growth hormone (GH) levels. Transsphenoidal removal of the tumor,
post-operative irradiation, frontal craniotomy for removal of residual tumor and
large-dose bromocriptine therapy were carried out consecutively. After therapy,
serum GH levels gradually decreased, but not to the normal range, and serum TSH
levels remained at inappropriately normal levels. Using immunoperoxidase techniques,
GH-, TSH- and follicle-stimulating hormone (FSH)-containing cells were demonstrat-
ed in the adenoma. A Long-acting somatostatin analogue (SMS 201-995, 600..g/day)
suppressed the serum GH level to the normal range with a concomitant suppression of
TSH. Furthermore, the paradoxical serum GH responses to TRH and LH-RH were
slightly improved. No important subjective side-effects were noted. Therefore, SMS
201-995 appeared to be a very effective drug in this patient with a GH- and TSH-
producing pituitary tumor.

Key words: TSH- and GH-producing pituitary adenoma, acromegaly, hyperthyroidism, somatos-

tatin analogue (SMS 201-995)

Current treatment of GH- and /or TSH-
secreting pituitary adenomas involves surgical
removal of the adenoma, tumor irradiation and
oral administration of the dopamine agonist,
bromocriptine (1-10). Even with such treatment,
attempts to decrease tumor GH and TSH secre-
tion have proven unsuccessful in some cases.
Somatostatin (SRIH) has been shown to reduce
GH and/or TSH secretion in patients with GH-
and TSH-secreting pituitary adenomas (6, 11).

* To whom correspondence should be addressed.

Recently, a long-acting somatostatin analogue,
SMS 201-995 (Sandoz Litd., Basale, Switzer-
land), became available for clinical use (12, 16).
We used SMS 201-995 in a patient with an
invasive mixed (TSH, GH and FSH) pituitary
adenoma who had undergone partial surgical
removal and irradiation.

Subject and Methods

In December 1974, a 32-year-old woman referred to
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Fig. 1 Examination of the tumor removed.

A. Hematoxylin-eosin staining (original X 400)

B. Corresponding area stained for growth hormone (GH) by the immunoperoxidase technique. Note the positive cytoplasmic reaction
for GH in some of the adenoma cells (original X 400)

C. Thyroid-stimulating hormone (TSH} immunostaining (original X 400)

D. Follicle-stimulating hormone (FSH) immunostaining (original X 400)
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our hospital with suspected acromegaly and
hyperthyroidism. For several years prior to that, she had
noticed an increase in the size of her toes, and protrusion
of her mandible was pointed out by her dentist. Physical
examination revealed the typical signs of acromegaly and
homogeneous enlargement of the thyroid, but exophthal-
mus was not present. A visual fields test showed
bitemporal hemianopsia. X-rays showed an enlarged and
destroyed sella turcica.

Initial endocrine studies confirmed the diagnosis of
thyrotoxicosis and acromegaly. The serum GH levels
were markedly elevated (755ng/ml) and serum TSH
levels were increased with the increased serum T4 and
T3.  Anti-thyroglobulin antibody (TGHA) and anti-
microsome antibody (MCHA) were negative, as was
thyrotropin receptor antibody. Baseline serum prolactin
and FSH (54mIU/ml) level were normal. These
findings raised the suspicion of a pituitary tumor produc-
ing not only GH but also TSH, which caused secondary
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thyrotoxicosis. The patient underwent transsphenoidal
surgery with post-operative radiation (40 Gy) in 1975.
The treatment reduced serum GH levels to 140ng/ml.
However, neither further reduction of serum GH nor
supression of TSH was observed. Furthermore, TSH
hypersecretion persisted. In 1976, she underwent a
frontal craniotomy to remove residual tumor. The
formaldehydefixed and paraffin-embedded tissue block
was subjected to indirect immunoperoxidase staining
(Dako Co., USA) for immunohistochemical identification
of anterior pituitary hormones in the adenomatous tissue
(Fig. 1). It was suggested that this tumor produced GH,
TSH, and FSH, but FSH secretion by this tumor did not
evoke serum FSH elevation. Propylthiouracil (PTU)
was administered, and serum T3 and T4 were normalized,
but inappropriately high or normal serum TSH levels
continued. Bromocriptine was administered in doses of
2.5mg/day to 20mg/day. However, GH hypersecretion
persisted. Fig. 2 shows the changes in serum GH and
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Serum GH and TSH levels from the first visit to the present admission. Abbreviations: See Fig 1.



Acta Medica Okayama, Vol. 45 [1991], Iss. 2, Art. 7

110

TSH levels during the clinical course from the first visit.
Hydrocortisone (25mg per os) replacement for post-
opertive secondary adrenal hypofunction has continued
since the first operation.

She was admitted to our hospital in January of 1988
in order to attempt the therapy with the long-acting
somatostatin analogue SMS 201-995.

The entrance physical examination recorded her
height as 147.7 cm, body weight as 63.5kg, and blood
pressure as 104/64mmHg. The initial hospital examina-
tion indicated a red cell count of 410 X 10*/mm?®, white
cell count of 2700/mm? and platelet count of 18.6 X 10*/
mm®. Urinalysis showed no abnormalites. Serum Na, K,
C], Ca and P were within normal limits. Blood chemistry
showed serum GOT 26 IU/I, GPT 37 IU/l, Alkaline
phosphatase 95 1U/], LDH 725 IU/l, CPK 144 IU/],
blood urea nitrogen 4.6mg/ml, creatinine 0.72mg/ml,
fasting blood sugar 78mg/dl, cholesterol 263mg/dl and
triglycerides 93 mg/dl.

Hormone assays and examinations. All hormones
were measured with commercially available radioim-
munoassay (RIA) kits (GH:Pharmacia hGH RIA,
Pharmacia Diagnostic Co., Sweden ; TSH, PRL:
RIABEAD 2, Dinabot Co., Japan ; Cortisol, LH,
FSH: cortisol kit, LH kit, FSH kit, Dai-ichi Radioisotope
Labs., LTD, Tokyo, Japan ; ACTH-RIA kit, CEA-
IRE-Sorin, Gif-sur-Yvette, France ; Somatomedin C,
Otsuka Assay Laboratories, Japan).

A TRH infusion test was performed by bolus intra-
venous (iv) injection of 500xg TRH, and blood samples
were collected for TSH, PRL and GH assay at 0, 30, 60,

90, and 120 min. A luteinizing hormone-releasing hor-
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mone (LHRH) infusion test was performed by iv bolus
injection of 100 g LHRH, and plasma L.H, F'SH and GH
were measured.

Serum GH levels were measured after subcutaneous
(sc) administration of 50ug of SMS 201-995 and after
oral administration of 2.5mg bromocriptine. Further-
more, a 24-h profile of serum GH levels was determined
after 7 days treatment with 150, 300 and 600k g of SMS
201-995.

Treatment protcol. We first treated the patient with
sc injections of 50ug SMS 201-995 three times (9: 00,
16: 00 and 21: 00) per day. The injected dose of SMS
201-995 was then increased to 100 and 200 ug three
times a day.

Radiological evaluation. Tumor size was examined
before and 1 and 2 months after starting treatment by
high resolution computerized tomography (CT) and
magnetic resonance imaging (MRI).

Results

Table 1la. shows the basal hormone levels of
the patient at the time of admittion for SMS 201
-995 therapy. The serum GH and somatomedin
C levels were elevated as shown in Table 1b.,
thyroid '*'I uptake was 56.9 % at 24h, and the
T3 suppression test showed no response in '*'
uptake or serum TSH level. Basal serum
prolactin, LH, and FSH levels were normal.

A single sc administration of 50xg SMS 201

Table 1a  Basal hormone concentrations at the time of admission for SMS 201-995 therapy
q GH Sm-C PRL LH FSH
ormones (ng/ml) (U/ml) (ng/ml) (mIU/ml) (mIU/ml)
Values 175 <29 4.6 5.6 2.5
GH: growth hormone, Sm-C: somatomedin C, PRL.: prolactin, LH: luteinizing hormone, FSH: follicle-stimulating hormone
Table 1b Thyroid function test at the time of admission for SMS 201-995 therapy
T3 T4 TSH | T3 suppression
BII
mg/d)  eg/d)  @U/my  TCHA - MCHA - TSAb T uptake(%6) fest
146.9 8.5 2.41 (—) (—) (=) (=) 56.9 no response

T3: triiodothyronine, T4: thyroxine, TSH: thyroid-stimulating hormone, TGHA : anti-thyroglobulin antibody, MCHA : anti-microsome
antibody, TSAb: thyroid-stimulating antibody, TBII: thyrotropin-displacing activity
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-995 reduced serum GH levels by 75 %. On the
other hand, oral administration of 2.5mg bromo-
criptine evoked an 18 % decrease in the serum
GH level. Twenty-four hour profiles of serum
GH after 7 days treatment with 150, 300 and
600ug (50ug X 3, 100ug X 3, 200ug X 3) of
SMS 201-995 are shown in Fig. 3a. Serum GH
levels were suppressed more by SMS 201-995
than by bromocriptine, and the greatest suppres-
sion was observed after 600ug SMS 201-995.
TSH levels were suppressed more after SMS
201-995 treatment (100ug X 3/day) than after
administration of 20mg bromocriptine (Fig. 3b).

When SMS 201-995 was increased to 600u g
(200ug X 3/day), the somatomedin C levels and
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the serum GH levels for 24h fell to the normal
range, except for the fasting serum GH level (Fig.
3a, Fig. 4). PTU treatment was stopped in order
to evaluate the effect of SMS 201-995 on
hypothalamic-hypophyseal-thyroid function. Dur-
ing SMS 201-995 treatment, serum T3, T4, and
TSH levels remained within the normal range.
However, serum T3 and T4 levels returned
rapidly to high levels after SMS 201-995 treat-
ment.

TRH and LLHRH tests were performed both
before and during SMS treatment (100ug, three
times a day). Although the responses of serum
TSH to TRH did not differ before and during
SMS treatment, the serum prolactin response was
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Twenty-four hour profiles of serum GH and TSH levels.
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(a) Serum GH levels during SMS 201-995 treatment compared to bromocriptine treatment. Arrows indicate times treated with an sc
injection of SMS 201-995. (2) Control, (O) SMS 50ug X 3, (®) 100ug X 3, (a) 200ug X 3, (®) bromocriptine 5mg X 4
(b) Serum TSH levels. Abbreviations: See Fig 1. (® SMS 201-995: 100ug X 3, © Bromocriptine: 5mg X 4)
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greater during therapy, and the paradoxical rise in
serum GH after TRH disappeared during SMS
treatment (Fig. 5. Serum LH and FSH
responses to LHRH stimulation did not differ
before and during therapy, while the paradoxical
rise in serum GH improved slightly (Fig. 5).

A pituitary CT scan and a MRI scan
performed 2 months after the beginning of treat-
ment showed no remarkable changes in volume of
residual adenomatous tissue. During SMS treat-
ment, she had transient mild gastric discomfort
and pain at the injection sites, however the pain
disappeared when a new painless material was
used. Gallstones were not detected by ultrasound
echogram. Blood glucose and plasma insulin
levels stayed within normal limits.

We had to stop SMS treatment as the drug
supply was stopped.  Shortly thereafter, the
patient developed a relapse of her
hyperthyroidism and serum GH hypersecretion.
In May 1988, 3mCi of radioactive iodine was
given and PTU administration was restarted.
Bromocriptine was also given again to suppress
GH hypersecretion and inappropriate TSH secre-
tion. Serum GH levels continued to be elevated,
and thyroid function was gradually normalized.

Discussion

Few cases of acromegaly and hyperthyroidism
due to a GH- and TSH- secreting pituitary
adenoma have been reported (1-10, 12, 17) since
the first case was reported in 1969 (1). The
patient described herein presented acromegaly and
thyrotoxicosis with an inappropriately high serum
TSH concentration due to a GH- and TSH-
producing pituitary adenoma.  Although this
tumor contained FSH without serum FSH eleva-
tion, we can not conclude that it produced FSH
without analyzing FSH m-RNA expression.
Furthermore, it was not clarified whether GH,
TSH, and FSH were produced by the same cells
or by different ones, because we did not stain the
sections continuously. It is also difficult to
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explain why the serum TSH levels were elevated
transiently after operations and radiation therapy.

SMS 201-995 altered GH secretion in these
tumors, suggesting that GH-secreting pituitary
adenomas have specific somatostatin receptors. It
might also be expected that functional improve-
ment would be followed by shrinkage of the
adenoma, as has been found in other endocrine
tumors, such as prolactinoma (18), VIPoma
(WDHA syndrome) (19), gastrinoma (Zollinger-
Ellison syndrome) (20), insulinoma (21), and
glucagonoma (22). The clinical use of the long-
acting somatostatin analogue SMS 201-995 adds
a new dimension to the therapy of GH- or TSH-
producing pituitary adenomas, which can not be
cured by surgery, radiotherapy, and/or adminis-
tration of a dopamine agonist (12-16). The
effects of preoperative use of SMS 201-995 in
acromegaly have been reported (23). Barkan
et al. consistently observed that SMS rapidly
induced pituitary tumor shrinkage ; approxi-
mately 20-25 % tumor shrinkage was evident 1
week after the start of therapy in some cases (23).
Furthermore, SMS inhibits paradoxical GH
secretion in patients with acromegaly (24, 25).
Although SMS reduced basal GH levels, inhibited
paradoxical TRH-stimulated GH secretion and
tended to improve paradoxical LHRH-stimulated
GH secretion in this patient, no significant reduc-
tion in tumor size was observed. We have
considered a few possible reasons for this.
Firstly, she was treated with SMS three times
daily (26). Secondly, she was given relatively low
doses. More frequent administration and larger
doses of SMS 201-995 might have reduced the
tumor size. Thirdly, previous therapy (surgery
and radiation) might have prevented proper evalu-
ation of the tumor size (23). After we stopped
SMS treatment, serum GH levels increased again,
possibly because the period of SMS administra-
tion was too short.

An inhibitory effect of somatostatin on TSH
secretion has been documented (27). Recently,
SMS treatment of inappropriate thyrotropin
secretion, due to either a TSH-secreting pituitary
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tumor or non-neoplastic resistance to thyroid
hormone, has been reported (14-16). Long-term
treatment with PTU and a large dose of bromo-
criptine controlled thyroid function within normal
limits in the present patient. Although TSH
secretion was suppressed by bromocriptine in this
case, serum TSH concentration was reduced
more by SMS treatment (100ug, three times a
day) than by bromocriptine treatment (5mg, four
times a day).

In conclusion, SMS 201-995 may be a valu-
able therapeutic agent for the management of
patients with GH- and TSH- secreting pituitary
adenomas, although further studies are necessary
to confirm this.
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