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FIGURE 1. Schematic representation

FYPY 3052 : e R . . of the human pituitary gland in relation
e to its surrounding structures. Refer to
Sphenoid Sinus text for detailed description.

The pituitary gland controls a number of important metabolic processes. The
anterior pituitary regulates the normal function of the thyroid, adrenal glands,
and the gonads via the elaboration of a group of glycoprotein hormones. The
posterior pituitary controis serum osmolality by regulating the secretion of
antidiuretic hormone. Just as the cells of the anterior pituitary control the
function of the hormone producing endocrine organs, they themselves are
controlled by centers within the hypothalamus. Thus, groups of neurons within
the hypothalamus secrete specific trophic factors which are carried to the
anterior pituitary by the portal vessels and that stimulate the secretion of the
hormones from the pituitary (1). The notable exception to this interplay of
positive regulatory factors on the anterior pituitary is the control of
prolactin secretion which, for the most part, is under tonic negative regulation
exerted by dopaminergic neurons (2).

TABLE I
Cell Type Hormone (properties) Size Comments
Adrenocorticotropin (ACTH 39 amino acids (A1so synthesize a MSH, B
Corticotropes . ) 1ipotropin and B endorphin
from a single precursor)
Somatotropes Growth Hormone (GH) 191 amino acids
Mammotropes Prolactin (PRL) ) 198 amino acids
Thyrotropin (TSH a subunit: 89 - TSH, FSH, & LH share
e . pin {12 B subunit: 112 a common a subunit
Luteinizing Hormone (LH) a subunit: 89 - LH and FSH are produced
SRRIpES . ( B subunit: 115 by the same cells
Follicle-stimulating a subunit: 89 - LH and FSH are produced

Hormone (FSH) B subunit: 115 by the same cells
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Six well defined polypeptide hormones are secreted by 5 distinctive cell
types, as defined by immunochemical criteria (see Table I). Each of these cell
types is characterized by the type of glycoprotein hormone or hormones that it
synthesizes and secretes: somatrophs (GH), lactotrophs (PRL), thyrotrophs
(TSH), gonadotrophs (FSH and LH) and corticotrophs (ACTH). The only exception
to the one cell-one hormone ruie is the gonadotroph, which has been shown to
synthesize both LH and FSH. As indicated, these hormones fall into three
categories - the members of the ACTH and GH hormone family are single
polypeptide chains. By contrast, LH, FSH, and TSH are composed of two
distinctive units - an a subunit that is common to all three hormones and a
distinctive B chain that is unique to each hormone.

TABLE II

Representative Classification of Pituitary Tumors
(Adapted from Ref. 3, ca 1966)

Type % of Total Evidence of Hormone Hypersecretion
Chromophobe Adenomas 70 No
Acidophilic Adenomas 20 Acromegaly
Basophilic Adenomas rare Cushings

The classification of pituitary adenomas that are derived from these cell
types has evolved with time and has taken several forms. As recently as 1966
(3), the classification of pituitary adenomas was not complex. 20% of tumors
were found to be acidophilic on hematoxylin/eosin stains. It was recognized
quite early that this tumor type was associated with 'gigantism' when it
occurred prior to epiphyseal fusion and acromegaly when present in patients
following epiphyseal fusion. A small percentage of tumors were shown to have
basophilic staining patterns and were associated with Cushing's disease. The
remainder - 70%-80% of pituitary tumors were 'chromophobic' - that is, they did
not take up significant stain on H&E stains. - At this time, such tumors were not
clearly associated with known syndromes caused by hormone hypersecretion.

The availability of assays to measure or detect the pituitary hormones has
radically altered the classification of pituitary adenomas. First, it has
extended the definition of the classic syndromes ascribed to pituitary hormone
hypersecretion. Thus, allowing the identification of patients with
physiologically dimportant elevations of GH or ACTH even prior to the
establishment of the full blown syndrome. As a result, the terms acromegaly and



syndrome.

establish these diagnoses.

Cushing's Disease

Acromegaly

TABLE III-A
CLASSIC SYNDROMES OF PITUITARY HORMONE HYPERSECRETION

Symptoms Diagnostic Tests Caveats

Obesity 1) Overnight dexamethasone 1) Hyperfunctioning

Plethora suppression test adrenal adenoma

Hirsutism and 24 h urinary 2) Ectopic ACTH

Menstrual free cortisol (4, 5) production
Irregularity 2) Low/high dose dexa-

methasone suppression
test (4, 5)
3) CT/MRI of head and abdomen
4) Petrosal sinus sampling (6,7)

Soft tissue
growth (hands,
feet, face)

1) GH level, random and 60 min 1) Ectopic GH or
after 50 g glucose load (8) GHRH secretion
2) Somatomedin C level (9)

Hirsutism

Sweating

Bony changes
(mandible tufting
of planges)

Peripheral neuro-
pathy

Yisoeromegaly

TABLE II1-B

OTHER CLINICAL PATTERNS OBSERVED IN PATIENTS WITH PITUITARY ADNOMAS

Symptoms

Galactorrhea

Menstrual irregu-
larities (female)
(10-12)

Diagnostic Tests

Hyperprolactinemia 1) Serum prolactin

Hypogonadism
visual abnormalities
in men (13)

Gonadotroph Cell Adenomas Middle aged men
14a) Visual field ab-
normalities

unit measurements,
testosterone

Normal gonadal
Function

Non-Functioning Adenomas Usually large at
presentation with

supra-extrasellar

extension
TSH-Secreting Adenomas Hyperthyroidism 1) TSH measurement
10a) evident 2) Thyroid functions

1) Serum FSH, LH, a sub-

Caveats

1) Pharmacologic and endo-
crinologic causes of
increased prolactin (14)

1) a subunit levels may be
elevated with other tumor
types (e.g., acromegaly)
(15)

FSH
a subunit
non

1) May show hormone secretion
or hormone gene expression
using in vitro cultures or
tumor immunohistochemistry
(16-21)

1) Separate from primary
hypothyroidism and thyroid
hormone resistance (23)

2) Generalized or pituitary
thyroid hormone resistance

e

Table III includes this expanded definition and the tests employed to

Approximate Frequency
acroadenomas )
unusual

10% 15%

Approximate Frequency

ATT Wacroadenomas (14)
70% 30%

5%

17%
7%
10% 40%

0.2%
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In addition to the well defined entities of Cushing's and acromegaly, the
availability of antibodies specific for the distinctive pituitary hormones has
permitted the definition of previously unrecognized syndromes. The first of
these was that associated with hyperprolactinemia. Prior to the availability of
assays for prolactin, the majority of pituitary adenomas were recognized as
chromophobic and were believed to be endocrinoliogically silent. Subsequent to
the availability of these antibodies, it was recognized that women with a
variety of syndromes characterized by amenorrhea and galactorrhea were in fact
due to hyperprolactinemia caused by prolactin-secreting pituitary tumors (10).
In one representative series, most patients with prolactin-secreting pituitary
tumors had both galactorrhea and amenorrhea (59/73) while nine had amenorrhea
alone (9/73) and only one had galactorrhea and normal menses (11). In some
series, as many as 15-20% of patients with secondary amenorrhea had
microadenomas and hyperprolactinemia (12). In men, prolactin-secreting tumors
are associated with hypogonadism and less frequently with galactorrhea (13).
Because subtle gonadal dysfunction is not usually as obvious in men, the
prolactin-secreting tumors are usually larger at presentation in men.

The availability of hormone assays for the gonadotropins permitted the
recognition of a fourth major category of pituitary adenoma. Beginning in the
mid 1970's, isolated cases were reported that described patients with
macroadenomas and visual abnormalities that secreted FSH or LH or both.
Subsequently, this category of patients has been increasingly recognized. 1In
one series of 139 male patients with pituitary adenoma (14a), 17% were shown to
represent gonadotroph cell adenomas. Clinically, most of the patients of this
type were men with a history of normal sexual function that presented with
visual impairment. It 1is 1likely that this series is not completely
representative, as it included only men, and a high percentage of these patients
were referred for visual abnormalities (i.e., large tumors). Biochemically,
this type of tumor 1is heterogenous, with some tumors secreting intact FSH,
others intact LH, and still others secreting free a or B subunits. The results
of these and other (15) series demonstrate that the frequency with which this
entity occurs may not be as low as has been suggested previously. Furthermore,
the identification of these secretory products is of more than academic
interest. First, these hormone measurements may be crucial to distinguishing a
pituitary adenoma from other non-adenomatous lesions, such as meningiomas and
craniopharyngiomas which may require substantially different therapy. Second,
these measurements can serve as tumor markers that permit an assessment of the
response to therapy.

The category of 'non-functioning' adenomas has gotten increasingly smaller
over the last twenty years and may get smaller yet as new assays are developed.
It is interesting to note that when samples from clinically non-functioning
tumors are studied histologically or in vitro, a significant number of
"nonfunctioning" pituitary adenomas can be shown to synthesize and/or secrete
intact hormone or a subunit (16-21).

TSH-secreting tumors that are hormonally active clinically are quite rare.
In the surgical experience of one renowned neurosurgeon (22), two cases out of
1000 pituitary adenomas were believed to be TSH-secreting tumors. Histochemical
studies (18), however, indicate that this tumor type may be more frequent than
is recognized clinically. The only important diagnostic decision is to
identify those patients with primary hypothyroidism, a simple exercise with
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currently available tests; A more difficult task is presented by patients with
pituitary or generalized resistance to thyroid hormone (23).

Pathogenesis

The realization that the growth and function of the pituitary is under
regulatory control by the hypothalamus, led to the suggestion that pituitary
tumors might in fact be caused by abnormal trophic influences from higher
centers within the brain. The recognition that patients with primary gonadal or
thyroid failure could present with significant pituitary enlargement/hyperplasia
tended to reinforce this concept (24-26).

Clonal analysis of pituitary tumors at the HPRT gene.
Southern blots of DNA from blood leukocytes (lanes a and b) and
nonfunctioning pituitary tumors (lanes ¢ and d) from patients 1-5.
Lanes g and ¢, 7.5 ug of leukocyte genomic DNA restricted with
Bam H1, Pvu Il. and Hpa II: lanes b and d, 7.5 ug of leukocyte geno-
mic DNA restricted with Bam H1 and Pvu 1l alone. 18 and 10 are
the lengths in kilobases of the two HPRT alleles.

Figure 2

Recently, however, two lines of evidence have appeared that suggest that
such a "regulatory" scenario is unlikely. The first pertains to the clonality
of pituitary tumors. If uncontrolled trophic influences alone were responsible
for the appearance of pituitary tumors, then one would expect that such tumors
would be polyclonal in origin - that is, derived from many different cells. By
contrast, if a somatic mutation (in an oncogene, for example) is responsible for
the appearance of a tumor then each of the tumor cells should be monoclonal
(that is derived from a single cell) and have the same genetic composition. Two
recent publications have appeared which address this issue (27, 28). In both
papers, the authors have employed the technique of Southern analysis to examine
genes on the X-chromosomes of female patients with pituitary tumors. This
strategy was employed because in women only a single X-chromosome is active and
the other is not active. "Inactivation" of one of the X-chromosomes occurs
randomly in each cell of the body. Since certain restriction enzymes are able
to distinguish genes that are active and inactive, this technique can be used to
examine whether the cells of a tumor are derived from one cell ("monoclonal")
and thus showing that only one gene copy is inactive or more than one cell
("polyclonal") suggest derivation from more than one cell. Thus, when this
analysis is performed on blood leukocytes (containing a mixture of cells that
have randomly inactivated one chromosome or the other), fragments derived from
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both the inactive and active gene are detected with equal frequency. By
contrast, when DNA samples were analyzed that were obtained from several
non-functioning pituitary tumors (28), a different pattern was frequently
detected which indicated that in all of the cells only one or the other X
chromosome had been inactivated. The results of these studies are similar to
those reported by Herman et al (27) which examined samples from GH, prolactin,
and ACTH secreting tumors. The results of these studies indicate that the
majority of pituitary tumors are monoclonal in origin and support the theories
that have postulated that somatic mutations underlie the genesis of pituitary

adenomas.
TABLE IV
a, Mutations in human pituitary tumours
Adenylyl cyclase
(pmol cAMP mg~* min~?)
Tumour Basal AlF g DNA Codon 201 Codon 227
Group 1 1 13 170 Genomic Arg Gin
2 6 96 Genomic . Arg Gin
3 16 300 Genomic Arg Gin
4 43 130 Genomic Arg Gin
Group 2 5 170 130 cDNA Arg (2)/Cys (3) Gin
Genomic Arg/Cys Gln
6 480 260 cDNA Arg (0)/His (4) Gin
Genomic Arg/His Gin
Genomic (blood) Arg Gin .
7 190 130 cDNA Arg (0)/Cys (3) Gin
Genomic Arg/Cys Gin
8 180 120 cDNA Arg Gin (0)/Arg (3)
+ Genomic Arg Gin/Arg
Genomic (blood) Arg Gin

Eight pituitary tumours are divided into groups 1 and 2 by adenylyl cyclase activities. Columns on right list, for each tumour, the source of DNA (genomic
DNA from tumour, cDNA from tumour, or genomic DNA from peripheral blood of the same patient) and the amino acid{s) encoded by codons 201 and 227,
determined by sequencing PCR-amplified cDNA or genomic DNA. Two amino acids are listed when bases encoding both were found in a single DNA sample.
Numbers in parentheses indicate the number of individual M13 cDNA clones sequenced that encoded the specified amino acid. Pituitary adenomas from
patients with GH excess were surgically removed and stored at —70 °C. To measure adenylyl cyclase activity, membranes were prepared from tumour
homogenates and adenylyl cyclase activities measured® in the absence or presence of 10 mM Na=. To perform sequence analysis of subcloned PCR amplified
cDNA, total RNA was extracted from tumour homogenates as described®, First strand cDNA was produced in a reaction containing 7 wg total RNA, oligo(dT)
primer and reverse transcriptase, according to the protocol in the AMV reverse transcriptase kit from Bethesda Research Laboratories. Four per cent of
the cDNA reaction volume was amplified as described®2. Primers were designed to match the 5’ and 3' noncoding regions of human a, (ref. 37), in order
to amplify the complete coding region. Each primer contained an artificial restriction site at its 5 end to facilitate subcloning. The 5' primer
(5'-GCCGGTACCCGGCCGCGCCCCGCCGCCGCCG-3') had a Kpnl restriction site and the 3’ primer (5'-TTAAAGCTTTAATTAAATTTGGGGGTTCC-3') had a Hindlll
restriction site. The PCR mixture contained 2.5 U DNA polymerase from Thermus aquaticus (Perkin-Elmer Cetus) and 25 pmol of each primer. Amplification
was accomplished in 40 cycles of 1 min at 94 °C, 1 min at 58 °C, and 2 min at 72 °C, in a Perkin-Elmer Cetus Thermocycler. Amplified DNA was desalted
and primers were removed by gel filtration with G-50 Sephadex spin columns (Boehringer Mannheim) and ethanol precipitation. The purified DNA was
digested with Kpnl and Hindlll and subcloned into M13mp18 or M13mp19. The Sequenase methoo of dideoxy sequencing was used to determine the-entire
a, coding sequence from at least two M13 clones derived from two separate amplification reactions for each group 2 tumour. For direct sequence analysis
of PCR amplified cDNA and genomic DNA, first strand cDNA from tumours was prepared as described above. Genomic DNA was extracted from tumours
or peripheral blood by homogenizing samples in a glass-Teflon homogenizer in a lysis buffer (4 M Urea, 1% Triton X-100, 10 mM EDTA, 100 mM NaCl, 10 mM
Tris, pH 8.0, 10 mM DTT, and 0.2 mg ml~* Proteinase K): samples were incubated overnight, repeatedly extracted with phenol/chloroform, and DNA recovered
by ethanol precipitation. PCR amplification was performed with primers flanking a region that encompassed both codons 201 and 227; the 5' primer
(5'-GTGATCAAGCAGGCTGACTATGTG-3') was located in exon 7 and the 3’ primer (5'-GCTGCTGGCCACCACGAAGATGAT-3’) was located in exon 10 (ref. 37).
Four per cent of the cDNA reaction volume or 50 ng genomic DNA was amplified as described above., except that unequal molar concentrations (12.5 pmol:1 pmol)
of the primers were used 10 generate single-stranded DNA for direct sequence analysis, as oescribed®. The reaction mixture was desalted and excess
dNTPs were removed by repeated (3-4 x) spin-dialysis on a Centricon 30 (Amicon). Samples were then vacuum-dried and resuspended in water. Half of
the reaction product was sequenced using Sequenase. The primer used at low concentration in the amplification reaction was used in the sequencing reaction.
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A clue to the nature of these mutations has come from a study of GH
secreting adenomas. Remember that the stimuli to secretion also will stimulate
hyperplasia of the cells of the pituitary. In the case of the somatotrope, GHRH
binds to a surface receptor which stimulates an intracellular response that
includes cellular proliferation and the secretion of growth hormone. It has
been suggested that this response to GHRH is coupled through regulatory
G-proteins to the production of intracellular second-messengers, such as cyclic
AMP (29, 30). In 1987 a very interesting paper appeared (31) that demonstrated
human GH-secreting adenomas, one group which contained increased basal levels of
adenylate cyclase and abnormal Gs activity. Subsequent reports have confirmed
that such findings are consistent and have identified two types of mutations
that appear repetitively in a subset of GH secreting pituitary tumors (32).
Introduction of these mutations into normal cDNAs encoding Gs have confirmed
that these mutations are 1ikely causally linked to the abnormal cellular growth
and function that is observed. These findings also demonstrate that these
mutations cannot even explain the genesis of all types of GH secreting pituitary
tumors. It seems 1ikely, however, that other types of somatic mutations
affecting the signalling/coupling mechanism may well be involved in the genesis
of GH secreting and other types of pituitary adenomas. Interestingly, this
molecular heterogeneity is also correlated with differences in the clinical
behavior of tumors bearing these mutations (33, 34).

THERAPY

Definitive therapy of a pituitary tumor depends on several factors: 1) the
size of the tumor, 2) the degree of invasiveness/extension, and 3) the cell type
of the tumor. Often, a single approach is not adequate, and control of tumor
will require a combination of surgery and radiation therapy and, in some cases,
may directly involve medical control.

Neurosurgery

Neurosurgical removal or debulking is the principal method that is employed
as therapy in the treatment of many types of pituitary tumor. With the
exception of prolactinomas (see below), surgical removal of the tumor is the
treatment of choice - the only exceptions being those patients that are not good
surgical risks. In these patients radiation therapy is often the therapy of
choice.

Two principal types of surgical approaches are employed. Historically, the
first widely employed method was the transfrontal approach. This technique
employed craniotomy and was associated with a significant incidence of morbidity
and neurological sequelae. This approach is not widely employed and is
currently reserved for cases in which the extent of pituitary tumor invasion
requires a wider surgical field. Most pituitary tumors (>90%) are currently
removed using a transsphenoidal approach. This technique carries with it a much
lower incidence of complications. In one large series of 1000 patients, only
two operative deaths occurred (0.2%) (22).

The results of neurosurgical therapy depends in large part on how success is
defined. Pituitary adenomas that are not associated with hormone hypersecretion
are usually large mass lesions and the results of neurosurgery can only be
defined in terms of debulking and/or decompression of the tumor. These goals
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are limited and while near1y always accomplished are usually combined with other
forms of therapy (e.g., radiotherapy) to prevent or slow tumor regrowth.

In patients that manifest clinical or biochemical evidence of hormone
hypersecretion, additional methods are available to assess the adequacy of
intervention, and the degree of success can be much more precisely defined.
Thus, in surgical series of prolactinoma, in those series where postoperative
prolactin measurements have been assessed, a large percentage recurs. For
example, Parl et al (35) reported that even when postoperative prolactin
measurements are normal, these gains are often not permanent. In this series,
24 female patients were followed for a mean of 62 months following
transspehnoidal (22/24) or transfrontal (2/24) resection. In this group, the
recurrence rate was 31% for microadenomas and 91% for macroadenomas. This
experience is general and similar results have been reported by numerous other
investigators. When all of the aforementioned series using values from a number
of such series (totaling nearly 300 patients) in which followup prolactin values
and recurrence rates are provided (summarized in Ref. 36), at least =14% of
microadenomas and ~30% of macroadenomas will recur within 5 years. While this
wholesale summation of multiple series should be carefully interpreted, these
results demonstrate the high recurrence rate of such tumors approached
surgically when adjunctive measures are not employed.

TABLE V
RESULTS OF TRANSSPEHNOIDAL SURGERY IN PATIENTS WITH ACROMEGALY

Number of Postoperative GH Followup (yrs)
Reference Patients Micro/Macroadenomas <5; GS <2.54 <5; GS <2.54
(37) 214 - 116/214 131/165
(38) 25 8 micro 8/8; 8/8 8/8; 7/8 (1-6 yrs)
17 macro 14/17; 13/17 11/17; 11/17
(39) 25 9 micro 6/9; 6/9 all 14 stil
16 macro 8/16; 8/16 'cured', 1.5-

5.5 yrs followup

dGS <2.5 = glucose suppressed GH <2.5 ng/ml

The results of series reporting the surgical treatment of acromegaly, while
similar, are even more difficult to interpret. This is owing to the fact that
criteria used to define a 'cure' varies from series to series. Furthermore, it
is clear that isolated measurements of growth hormone are often not reliable
indicators of disease activity in acromegaly. In one large recent series (37)
56% of patients were found to have postoperative GH measurements 1less than
5 ng/ml and 78% <10 ng/ml. These same authors have compiled the results of 30
other series containing 1360 cases. Assuming that postoperative growth hormone
measurements were obtained in like manner in all, postoperative growth hormone
values of <5 ng/ml were obtained in 60% of patients and values of <10 ng/ml were
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obtained in 74%. However, the variations in serum GH that occur even in
acromegalic subjects make the interpretation of the incidence of such "cures"
reported in this and other neurosurgical series difficult to interpret. Some
investigators have suggested that the most common definition of ‘'cure'
(postoperative GH levels of <5 or <10 ng/d1) may be inadequate criteria for
assessing cure. While such measurements may be helpful in focusing attention on
those patients 1ikely to require further therapy, they are not necessarily
synonymous with cure. However, in more recent studies (38, 39) the combination
of postoperative growth hormone 1levels (<5 ng/ml) and a suppressed growth
hormone measurement (<2.5) had a high predictive value of 'normalization' of
growth hormone secretion (Table IV). Notably, other studies in which patients
believed to be "cured" postoperatively were found to have abnormal GH dynamics
when more detailed endocrine evaluations were performed (40, 41). Taken
together, these studies suggest that substantial normalization of GH dynamics
resulting from neurosurgical intervention alone may be possible in over 50% of
patients. This appears to be most consistently true for microadenomas. These
studies suggest that if basal fasting GH measurements and glucose suppressed
growth hormone measurements are normal, that a large percentage of these
patients will continue to have 'normal' GH 1levels at 1long intervals
postoperatively. As noted, most of these followups are relatively short
(average of 6 and 3.5 years) and have employed methods that may overestimate the
extent of normalization of growth hormone secretion.

Prolactinomas and growth hormone secreting pituitary tumors together account
for 75% or more of pituitary adenomas. The results of neurosurgical
intervention in other tumor types (FSH, LH, a subunit, TSH-secreting tumors) is
similar to that reported for prolactinomas and GH secreting tumors, particularly
when it is taken into account that FSH, LH, a subunit, or "nonsecreting" tumors
are more often large at presentation. The only tumor type that presents a
different pattern is the pituitary adenomas that secrete ACTH. This is because
the tumors associated with Cushing's disease are generally quite small. In
fact, even in patients with classic abnormalities of cortisol and ACTH
secretion, pituitary adenomas cannot be detected by CT in 70% of patients (42)
and cannot be detected in 50-60% of patients even using gadolinium enhanced MRI
scans. Despite this failure to demonstrate the tumor preoperatively, 90% of
patients that show classic biochemical profiles have a pituitary adenomas at the
time of exploration. Thus, in the majority of cases, the important
consideration is to establish the diagnosis of pituitary Cushing's disease
unambiguously, employing the methods referred to above (4-7). In those patients
with microadenomas, good success rates can be expected - the high success rate
is probably related to the smaller tumor sizes at diagnosis and not to intrinsic
differences in the biological behavior of the tumor (43-46).

SUMMARY

Neurosurgical therapy is an effective form of therapy for almost all types
of pituitary adenomas. It is most effective when used as therapy of small
tumors but can be effective in large tumors as well, particularly when used in
combination with other forms of therapy.

Radiation Therapy

In most cases, the literature pertaining to radiation therapy of pituitary
tumors is intertwined with that of the neurosurgical and medical management of
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pituitary adenomas. Early protocols of radiotherapy were characterized by
substantial morbidity rates, dincluding optic nerve or chiasm damage, brain
necrosis, and carcinogenesis. These complications appear to be minimized by
current protocols which employ a cummulative dose of 45 gy or less.
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Plasma GH before treatment and at intervals after therapy in patients referred for therapy with conventional supervoltage irradiation. The
top of each bar is the plasma GH (in nanograms per ml) before treatment. Patients were evaluated at 2, 5, and 10 yr after radiotherapy and the
plasma GH was plotted. 0J, Lower line represents the GH at 2 yr after treatment; O, lower line represents the value at 5 yr; 0, lower line represenfs
the value at 10 yr. Only a single value is shown for patients who were lost or died before the 2-yr follow-up interval. B, No fall in GH occurred in
the subsequent interval. Along the top of the figure are the initials and numbers used to identify the patients in our previous publications [Ref. 1
refers to McGuffin et al., 1974 (25), and Ref. 2 refers to Sober et al., 1974 (29)], the number assigned to each patient in this paper (from 1-47), the
age at the time of treatment; and the sex of the patient. Patients followed for 10 yr are identified by X. Other notations in the heading are: a) the
first arrow indicates the fall in GH immediately after hypophysectomy; the second arrow is the fall in GH 3 yr after hypophysectomy; b) Patients
who died after the last follow-up indicated; c) patients lost to follow-up after the last follow-up indicated; d) the arrow indicates the GH value 6
months after hypophysectomy; e) no change in GH between 2 and 10 yr after therapy; f) no change in GH between 5 and 10 yr after therapy? h) no
change in GH between 2 and 5 yr after therapy; and i) no change in GH between pretreatment and 2 yr after therapy. Patient 6 was M.M. in Bef.
15, M.C. in Fig. 2, and J.M. in Fig. 3 in Ref. 16. Patient 19 is reported in detail in Ref. 30. Patient 31 was M.E. in Ref. 15 and M.M. in Ref. 16. Patient
34 was B.M. in Ref. 15. Patient 43 was B.M. in Refs. 15 and 16. £ .

The following notations indicate the methods used to irradiate the pituitary tumor (see Ref. 15 for methods reported previously): j) 4000-4600
rads, maximum 200 rads per day, two or three fields (360° rotation in case 54 only), 2 million electron volts Van de Graff (15); k) 4000-5000 rads,
maximum 200 rads per day (5600 rads in case 21 only), two or three fields, cobalt; 1) 5000 rads, maximum 200 rads per day; two or three fields; 6
million electron volts Lineac; m) 4000-5000 rads, treated at other institutions, exact records not available.

Figure 3

When administered as a single agent 1in such doses radiotherapy is well
tolerated. The principal drawback to such an approach is the long period before
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radiation has an effect. This graph is taken from a report detailing the
results of 16 patients with acromegaly (47). These results indicate that
radiotherapy can effectively control GH hypersecretion, and similar series have
been reported for other pituitry tumor types (48, 49). This report also
illustrates the major disadvantage of radiotherapy - as employed as a single
agent - that is, its slow onset of action. Thus, while control of hormonal
hypersecretion is eventually achieved in a high percentage of patients, this
change does not occur rapidly and may take several years to achieve. The doses
of radiation employed has been progressively lowered. Recent work suggests that
adequate responses may be obtained at radiation doses substantially lower than
that currently employed (49a). As such, radiotherapy is not employed as initial
therapy except in cases where surgery is contraindicated or in cases where
medical therapy is not effective. It is, however, particularly effective when
employed in combination with surgical or medical therapy.

Medical Therapy

The broad based basic research effort that led to the definition of the
major pituitary and hypothalamic hormones has led as well to important advances
in the medical management of pituitary tumors. These developments center on two
classes of compounds: 1) the ergot alkaloids, such as bromocriptine, and 2) the
somatostatin analogues.

B. AMINO ACID ALKALOIDS

ALKALOID § R(2') R'(5)
Ergotamine —CH, —CH,—phenyl
Ergosine —CH, —CH,CH(CH3),
Ergostine —CH,CH3 —CH,—phenyl
Ergotoxine group:

Ergocornine ~—CH(CH,), —CH(CH,),
Ergocristine —CH(CHg), —CH,—phenyl
a-Ergocryptine —CH(CH,), —CH,CH(CH,;),
B-Ergocryptine —CH(CH,3), —(|:HCH2CH3
CHy
Bromocriptine § —CH(CH,), —CH,CH(CH;),

Figure 4
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Bromocriptine is one of a class of compounds (also including lisuride and
pergolide) that are ergot derivatives and that directly stimulate dopaminergic
receptors. As prolactin secretion is inhibited by dopaminergic stimulation,
such compounds have been shown to be potent inhibitors of prolactin secretion
both in vitro and in vivo. The drug is well tolerated, its major side effects
being nausea and orthostasis - both of which can be minimized by initiating
therapy with small doses and slowly advancing the dosage administered.

Numerous studies have demonstrated a marked suppression of serum prolactin
levels in patients with prolactin secreting microadenomas. In a summary of 286+
women from 13 series (50), an average of 82% of patients had suppression of
prolactin levels into the normal range. An equally high percentage of these
patients had return of menses (94%) and improvement of galactorrhea (90%).

This high level of responsiveness demonstrated for microprolactinomas is
also observed when such therapy is directed at patients with macroprolactinomas.
In a summary of 119 patients with macroprolactinomas (50) 12/16 females (75%)
and 6/11 males had normalization of prolactin levels. This normalization was
accompanied by an improvement in visual fields in 23/26 (88%) and a demonstrable
decrease 1in tumor size 18/52 (92%). More recent compilations of data (51)
support these observations.

What results can be expected from such therapy? One paper that illustrates
such a response is that by Thorner et al (52). In this work the authors
demonstrated rapid changes in the size (by CT) of the tumor and visual fields in
two patients with macroprolactinomas. These changes were paralleled by
substantial improvements in the hyperprolactinemia. After one year of therapy,
bromocriptine was discontinued with rapid regrowth of the tumor as evidenced by
increased prolactin 1levels, increased adenoma size, and deteriorated visual
fields. Similar results have been obtained by other investigators (53-56).
This high response rate was observed in a prospective trial in macro- and
microprolactinomas and led to the suggestion that "therapy with bromocriptine
should be considered as initial management for patients with PRL-secreting
macroadenomas" (57) - a conclusion that seems justified, in 1light of the
available evidence. Most studies suggest that such therapy is rapidly effective
in responsive tumors and within a few weeks, prolactin levels have fallen to
their nadir levels. Maximal improvement is usually evident in 6 months as
assayed by return of menses, fertility, and testosterone levels (in men).

Even in the very impressive data that I have already reviewed, a small
number of patients - both in the micro- and macroprolactinoma categories - do
not respond appreciably to bromocriptine therapy (50, 58). It is not clear what
the basis of this resistance might be. Secondly, a small number of patients are
not able to tolerate bromocriptine due to side effects. In some cases, such
patients have been managed with other dopaminergic agents such as pergolide (59)
or other newer compounds (60). Finally, it is obvious that some patients will
present in situations where a timely assessment of tumor responsiveness may not
be possible (e.g., rapid progressive impairment of visual fields). In such
cases, neurosurgical decompression is the only viable alternative. Although
some investigators have suggested that bromocriptine therapy can be stopped
after several years (and some reports of 'permanent' cures have been reported),
most people consider that such therapy should be continued for the 1ife of the
patient. -
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Is bromocriptine effective in the treatment of other tumors? This has been
explored most extensively in patients with poorly controlled acromegaly. This
effort followed initial reports that L-Dopa (61) in vivo and dopamine in vitro
(62, 63) could suppress GH secretion. The results of bromocriptine in 514
acromegalic patients in 28 series is tabulated in Ref. 64. It is important to
note that while a significant number of cases achieved GH levels <10 ug/L (54%),
only 21% showed GH to less than 5 pg/L and only 7/88 (8%) patients showed the
normalization of IGF-I 1levels. More importantly, only a limited number of
studies (summarized in Ref. 64) examined objective indices of improvement. 1In
such studies, it is evident that the objective and subjective responses observed
with bromocriptine therapy are not in step with the 1levels of improvement
observed in measurements of somatomedin-C or GH (66-68). Thus, while a trial of
bromocriptine is certainly justified as an adjunctive measure in the control of
acromegalic patients, it is clearly much less effective that when employed for
the therapy for prolactinomas. The data for the use of bromocriptine in other
tumor types is even less encouraging.

CHEMICAL STRUCTURES OF NATIVE AND SYNTHETIC SOMATOSTATIN PEPTIDES

/ ----------------------- SomutostotifZS ---------------------- \

|
0-Phe-Cys-Phe-D-Trp-Lys-Thr-Cys-Thr-ol

Figure 5
SOMATOSTATIN ANALOGUES

Efforts to medically control growth hormone secretion centered on the use of
compounds related to somatostatin, as numerous studies had demonstrated a
profound inhibition of GH by somatostatin secretion. Despite this in vitro
efficacy, the short biological half-1ife of the native somatostatin molecule
made it completely unsuitable for any meaningful therapeutic role. By
manipulating the primary structure of somatostatin, chemists at Sandoz succeeded
in synthesizing a compound that was both potent and much longer Tlived (69).
Thus, in comparison to the nature somatostatin analogue, sandostatin (aka, SMS
201-995 aka octreotide) was more potent using in vitro and in vivo assays of GH
inhibition. This compound also has a substantialiy longer half-life, in the
range of 110 minutes (70). An unexpected feature of this molecule is that it is
selective for GH, 1inhibiting GH secretion 45 more potently than native
somatostatin, while inhibiting insulin and glucagon secretion only 11 or 1.3
times as well as native somatostatin, respectively.
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TABLE VI

Growth hormone and SM-C responses (mean + SE) to SMS 201-995 therapy (Tx)

Nadir GH
Basal GH  after OGTT Mean 12-h GH Basal SM-C
(mU/) (mU/D) (mU/) au/L)
Patient SMS 201-995

Grade no. dose (ugd) Pre-Tx Tx Pre-Tx Tx Pre-Tx Tx Pre-Tx Tx
Normalized 1 300 52 1-4 204 <04 424460 1:0+0-2 79 10
6 600 152 3 156 54 39-6+78 56+08 78 15
Effective 3 900 76 23 66 15 64-4+92 256+52 272 135
5 900 62 7 46 44 14661168 7+04 8 25
8 900 200 142 176 24 2376+18-2 146+34 10 1-9
9 600, 900 48 74 56 19:6 31-4+4-8 7-8+0-4 128 19
Improved 2 1500 25 112 144 54 172+14 118420 155 24
4 300 456 176 36 22 44-8+2-8 10-8+18 8 2:4
7 900 16 108 134 112 1808 76108 81 26

Ineffective 10 900 68 100 76 1154134 17324312 11 10

A number of studies (for example, Refs. 71-77) have attempted to define the
therapeutic effectiveness of sandostatin in the treatment of acromegaly. These
studies demonstrate that sandostatin is effective in controlling GH secretion in
acromegaly. In a compilation of several representative series (64), 55-80% of
patients normalized measures of GH secretion and approximately demonstrated
normalization of IGF-I levels. In concert with this hormonal effect, a dramatic
clinical (subjective and objective) response could be demonstrated.
Furthermore, in series in which reliable measurements have been obtained,
sandostatin has a demonstrable effect on tumor size (77, 78). This effect,
which is modest in magnitude, is most 1ikely due to an effect on the size of the
individual tumor cells, and not to a cytotoxic action of sandostatin.

Despite these positive qualities, sandostatin has several drawbacks. First,
it has inhibitory effects on a variety of endocrine organs. This effect is most
obvious wupon insulin secretion by the pancreas, an effect which 1is most
pronounced at higher daily doses (77). The side effect that appears to have the
greatest potential to limit its widespread use in acromegaly is its effect on
the contraction of the gall bladder. It is also an expensive medication to
employ as chronic therapy ($15 per day at a dose of 100 pg tid). Current
guidelines (79) suggest that it be-employed as an adjunctive measure in patients
that are not neurosurgical candidates, or who have not responded well to
neurosurgery or radiation therapy.

APPROACH TO THE PATIENT

Initial Evaluation

Whatever the therapeutic options that are subsequently employed for a
patient with a pituitary tumor, certain information is desirable prior to
embarking on therapeutic maneuvers. First, the thyroid, adrenal, and gonadal
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status of the individual should be established. This should be determined for
two reasons: first, to determine whether preoperative hormone replacement is
necessary, particularly with glucocorticoids or thyroid hormone. The second is
to eliminate the possibility that end organ failure has led to pituitary
hyperplasia. As noted above, cases of primary hypogonadism and hypothyroidism
have been described in which such hyperplastic growth has masqueraded as a
pituitary tumor (24-26, 80). It is essential as well that a serum prolactin
level be determined preoperatively, as the identification of a tumor, even a
macroadenoma, as prolactin-secreting radically alters the therapeutic options
available. Additional samples should be obtained for measurements of FSH, LH,
and a subunit, principally to serve as tumor markers. While extensive
preoperative evaluations of endocrine function are carried out at some centers,
these are carried out principally as part of ongoing research protocols and have
no place in routine clinical practice.

Consequences of Therapy

The goal of any of these therapies is to remove or destroy the adenomatous
tissue while preserving the residual function of the remaining normal pituitary
tissue. It is often not possible to accomplish this in a completely selective
manner. Thus, substantial normal pituitary tissue may be removed during a
surgical procedure, damaged by radiation, or simply killed by the pressure
effects of the tumor itself.

Interestingly, however, surgical decompression itself may restore a
substantial pituitary function. Arafah et al (81) reported the results of
detailed endocrine testing in 26 patients with large "non-secreting" pituitary
adenomas. In this study, a substantial number of patients were found to have
demonstrable deficiencies of GH (100%), gonadotropins (96%), thyroid (81%) and
adrenal function (62%) preoperatively. These same patients underwent
transsphenoidal tumor resection were then reevaluated 2-3 months later to assess
the level of residual pituitary function. This author found that thyroid
function, adrenal function, and gonadal function recovered in 57%, 38%, and 32%,
respectively, 1in which deficiencies were identified preoperatively. By
contrast, GH deficiency persisted in 85% of the patients. An interesting
correlation was noted by these authors. That is, they found that the level of
preoperative prolactin was correlated with a recovery of pituitary function.
Thus, no patient with a preoperative serum prolactin <5 recovered any pituitary
function, while those with the highest 1level of prolactin (>20) recovered the
highest percentage of pituitary function. While the authors do not speculate on
this observation, it would seem plausible that the elevated prolactin in this
situation is a marker for the amount of remaining anterior pituitary that
remains, but that has been removed from the inhibitory (on prolactin) or trophic
(on the other anterior pituitary hormones) influences from the hypothalamus.
Other studies have suggested that medical therapy of prolactinomas may be
accompanied by substantial return of pituitary function (82).
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TABLE VII

Recovery of pituitary, thyroidal, adrenal, or gonadal function
in patients with large nonfunctioning pituitary adenomas presenting

with hypopituitarism
Preoperative Pituitary function recovered
serum PRL "
level l()"g/ TSH ACTY Gonadotropins GH
m|
<5 5 0/5 0/5 0/5 0/5
5-20 9 5/8 1/5 3/9 0/9
>20 12 18 5/6 5/11 4/12
Total 26 12/21 6/16 8/25 4/26

The denominator represents the number of patients with docu-
mented deficiency of the particular function preoperatively. The nu-
merator represents the number of patients who recovered that function.

There have been no suggestions in the literature that assessments of the
recovery of pituitary function postoperatively or following medical treatment
are inaccurate predictors of subsequent pituitary function. By contrast, there
is ample evidence that vigilant retesting of endocrine function is required
following radiation therapy of pituitary tumors (47, 48, 83, 84). In one series
of patients, Snyder et al (83) examined the course of 35 male patients treated
with surgery, radiation plus surgery, or radiation alone. In this series, he
found that those patients treated with radiation and surgery exhibited the
highest frequency of subsequent hormonal deficiency. Those patients treated
with radiation alone had lower frequency of appearance, and surgery alone was
rarely associated with subsequent pituitary insufficiency. While these authors
noted several possible explanations (relating to preoperative extent of
disease), the similar initial frequency of hormonal deficiencies led them to
implicate the larger field size employed and to suggest that at least a portion
of the deficiencies were due to the inclusion of the hypothalamus in the field
ports (84). The incidence of insufficiency 1in another series (47) was
substantial with 20% of patients manifesting secondary adrenal insufficiency and
13% manifesting secondary thyroid insufficiency. These results underscore the
need for careful postoperative evaluations and followup in those patients
following treatment, particularly those treated with the combination of
radiation and surgery.
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Figure 6. Percent of patients in each -
of the three treatment groups (surgery

plus radiotherapy, radiotherapy only, and

7ok ' surgery only) with deficiencies of adre- .
— — nal, thyroid, and gonadal function during .
the four to five-year observation period,
- eor Within each bar, the denominator ing'
; ) _l cates the number of patients in each
PATIENTS 50} & group whose adrenal, thyrold, or gonadal -
DEVELOPING P— function was normal at the beginning of
HORMONAL a0k : e s the observation period, and the numera-
DEFICIENCIES * Thyrol tor indicates the number in whom it be-
DURING il G= Gonad came subnormal during the observation
P — period. Contingency table analysis _
; . showed that the development of adrenal,
PERIOD 20t thyroid, and gonadal deficiencies com-
bined depended on the treatment group
1ok (p <0.005). A greater proportion of the
% %‘6 % % 12_3 %. H lzs‘ %— patients in the surgery plus radiotherapy
group demonstrated deficiencies than
0 did those in the radiotherapy only ip
ggg%?&% AT 6 AT G AT G <0.05 or surgery only groups (p
TREATMENT SURGERY + RADIATION SURGERY <0.005), and a greater proportion of the
GROUP RADIATION ONLY ONLY patients in the radiotherapy only group
demonstrated deficiencies than did
those in the surgery only group (p
<0.05. -
REFERENCES
1. Black PM, Zervas NT, Ridgeway EC, Martin JB (eds), Secretory Tumors of the

2.

3.

5.

6.

1

Pituitary Gland, Raven Press, New York, pp 109-134, 309-326, 213-226, 1984.

Ben-Jonathan, Nira. Dopamine: A prolactin-inhibiting hormone. Endocr Rev
6:564-589, 1985.

Schurr PH. Pituitary tumors in man. In The Pituitary Gland, Harris GW,
Donovan BT (eds), Vol II, Univ Calif Press, Los Angeles, 1966.

Eddy RL, Jones AL, Gilliland PF, Ibarra JD Jr, Thompson JQ, McMurray JF Jr.
Cushing's syndrome: A prospective study of diagnositic methods. Am J Med
55:621, 1973.

Ashcraft MW, Van Herle AJ, Vener SL, Geffner DL. Serum cortisol levels in
Cushing's syndrome after low- and high-dose dexamethasone suppression. Ann
Int Med 97:21, 1982.

Findling JKW, Aron DC, Tyrell JB et al. Selective venous sampling for ACTH
in Cushing's syndrome: Differentiation between Cushing's disease and the
ectopic ACTH syndrome. Ann Int Med 94:647-652, 1981.

Oldfield EH, Chrousos GP, Schulte HM, Schaaf M, et al. Preoperative
lateralization of ACTH-secreting pituitary microadenomas by bilateral and
simultaneous inferior petrosal venous sinus sampling. N Engl J Med
312:100-103, 1985.

Lawrence AM, Goldfine 1ID, Kirsteins L. Growth hormone dynamics 1in
acromegaly. J Clin Endocrinol Metab 31:239, 1970. '



9.

10.

10a

11.

12.
13.

14.

1l4a

15.

16.

17.

18.

19,

20.

-18-

Barkan AL, Beitins 1IZ, Kelch RP. Plasma insulin-like growth
factor-I/somatomedin-C in acromegaly: Correlation with the degree of growth
hormone hypersecretion. J Clin Endocrinol Metab 67:69-73, 1988.

Schlechte J, Sherman B, Halmi N, VanGilder J, et al. Prolactin-secreting
pituitary tumors in amenorrheic women: A comprehensive study. Endocr Rev
1:295-308, 1980.

SmalTridge RC. Thyrotropin-secreting pituitary tumors. Endocrinol Metab
Clin North Am 16:765-792, 1987.

Boyar R, Kapen S, Weitzman E, Hellman L. Pituitary microadenoma and
hyperprolactinemia: A cause of unexplained secondary amenorrhea. N Engl J
Med 294:263, 1976.

Jacobs HS. Prolactin and amenorrhea. N Engl J Med 295:954-956, 1976.

Carter JN, Tyson JE, Tolis G, Van Vliet S, Faiman C, Friesen HG.
Prolactin-secreting tumors and hypogonadism in 22 men. N Engl J Med
299:847-852, 1978.

Bevans JS, Burke CW, Esiri MM, Adams CBT. Misinterpretation of prolactin
levels leading to mismanagement errors in patients with sellar enlargement.
Am J Med 82:29-32, 1987.

Snyder PJ. Gonadotroph cell adenomas of the pituitary. Endocr Rev

Oppenheim DS, Kana AR, Sangha JS, Klibanski A. Prevalence of da-subunit
hypersecretion in patients with pituitary tumors: Clinically nonfunctioning
and somatotroph adenomas. J Clin Endocrinol Metab 70:859-864, 1990.

Asa SL, Gerrie BM, Singer W, Horvath E, Kovacs K, Smyth HS. Gonadotropin
secretion in vitro by human pituitary null cell adenomas and ancocytomas. J
Clin Endocrinol Metab 62:1011-1019, 1986.

Beitins IZ, Lipson LG, McArthur JW. Immunoreactive 1luteinizing hormone,
follicle stimulating hormone and their subunits in tissue culture media from
normal and adenomatous human pituitary fragments. J Clin Endocrinol Metab
45:1271-1280, 1977.

Black PM, Hsu D, Klibanski A, Kliman B, Jameson JL, Ridgway EC, Hedley-White
ET, Zervas NT. Hormone production in clinically nonfunctioning pituitary
adenomas. J Neurosurg 66:244-250, 1987.

De Stephano DB, Lloyd RV, Pike AM, Wilson BS. Pituitary adnomas; An
immunohistochemical study of hormone production and chromogranin
localization. Am J Pathol 116:464, 1984.

Jameson JL, Lindell CM, Hsu DW, Habener JF, Ridgway EC. Expression of
chorionic gonadotropin-B-1ike messenger ribonucleic acid in an a-subunit-
secreting pituitary adenoma. J Clin Endocrinol Metab 62:1271-1277, 1986.



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

-19-

Surmont DWA, Winslow CLJ, Loizou M, White MC, Adams EF, Mashiter K.
Gonadotropin and alpha subunit secretion by human 'functionless' pituitary
adenomas in cell culture: long term effects of 1luteinizing hormone
releasing hormone and thyrotropin releasing hormone. Clin Endocrinol
19:325-336, 1983.

Wilson CB. A decade of pituitary microsurgery. J Neurosurg 61:814-833,
1984.

Refetoff S. Syndromes of thyroid hormone resistance. Am J Physiol
243:E88-E98, 1982. :

Samaan NA, Osborne BM, Mackay B et al. Endocrine and morphologic studies of
pituitary adenomas secondary to primary hypothyroidism. J Clin Endocrinol
Metab 45:903, 1977.

Bower BF. Pituitary enlargement secondary to untreated primary
hypogonadism. Ann Int Med 69:107-109, 1968.

Samaan NA, Stepanas AV, Danziger J, Trujillo J. Reactive pituitary
abnormalities in patients with Klinefelter's and Turner's syndromes. Arch
Int Med 139:198-201, 1979.

Herman V, Fagin J, Gonsky R, Kovacs K, Melmed S. Clonal origin of pituitary
adenomas. J Clin Endocrinol Metab 71:1427-1433, 1990.

Alexander JM, Biller BMK, Bikkal H, Zervas NT, Arnold A, Klibanski A.
Clinically nonfunctional pituitary tumors are monoclonal in origin. J Clin
Invest 86:336-340, 1990.

Billestrup N, Swanson LW, Vale W. Growth hormone-releasing factor
stimulates proliferation of somatogrophs in vitro. Proc Natl Acad Sci USA
83:6854-6857, 1986.

Billestrap N, Mitchell RL, Vale W, Verma IM. Growth hormone-releasing
factor induces c-Fos expression in cultured primary pituitary cells. Mol
Endocrinol 1:300-305, 1987.

Vallar L, Spada A, Giannattssio G. Altered Gs and adenylate cyclase
activity in human GH-secreting pituitary adenomas. Nature 330:566-568,
1987.

Landis CA, Masters SB, Spada A, Pace AM, Bourne HR, Vallar L. GTPase
inhibiting mutations activate the a chain of Gs and stimulate adenyl cyclase
in human pituitary tumours. Nature 340:692-696, 1989.

Landis CA, Harsh G, Lyons J, Davis RL, McCormick F, Bourne HR. Clinical
characteristics of acromegalic patients whose pituitary tumors contain
mutant Gs protein. J Clin Endocrinol Metab 71:1416-1420, 1990.

Spada A, Arosio M, Bochicchio D, Bazzoni N, Vallar L, Bassetti M, Faglia G.
Clinical, biochemical, and morphological correlates in patients bearing
growth hormone-secreting pituitary tumors with or without constitutively
active adenyl cyclase. J Clin Endocrinol Metab 71:1421-1426, 1990.



35.

36.

-y

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

-20-

Par1 FF, Cruz VE, Cobb CA, Bradley CA, Aleshire SL. Late recurrence of
surgically removed prolactinomas. Cancer 57:2422-2426, 1986.

Vance ML, Thorner MO. Prolactinomas. Endocrinol Metab C1in North Am
16:731-753, 1987.

Ross DA, Wilson CB. Results of transsphenoidal microsurgery for growth
hormone secreting pituitary adenoma in a series of 214 patients. J Neuroseug
68:854-857, 1988.

Serri 0, Somma M, Comtois R, Rasio E, Beauregard H, Jilwan N, Hardy J.
Acromegaly: Biochemical assessment of cure after long term follow-up of
transspehnoidal selective adenomectomy. J Clin Endocrinol Metab
61:1185-1189, 1985,

Van't Verlaat JW, Nortier JWR, Hendriks MJ, Bosma NJ, Graamans K, Lubsen H,
Vasen HFA, Thijssen JHH, Croughs RJM. Transspehnoidal microsurgery as
primary treatment in 25 acromegalic patients: Results and followup. Acta
Endocrinol 117:154-158, 1988.

Rieu M, Kuhn J-M, Bricaire H, Luton J-P. Evaluation of treated acromegalic
patients with normal growth hormone levels during oral glucose load. Acta
Endocrinol 107:1-8, 1984,

Oyen WJG, Pieters GFFM, Meijer E, Laarhaven JV, Smals AGH, Kloppenborg PWC.
Which factors predict the results of pituitary surgery in acromegaly? Acta
Endocrinol 117:491-496, 1988.

Pojunas KW, Daniels DL, Williams AL, Thorsen MK, Haughton VM. Pituitary and
adrenal CT of Cushing syndrome. Am J Roent 146:1235-1238, 1986.

Orth DN, Liddle GW. Results of treatment in 108 patients with Cushing's
syndrome. N Engl J Med 285:243-247, 1971.

Pelkonen R, Eistola P, Grahne B, Kuusisto A, Paetau A, Sivula A, Valtonen S.
Treatment of pituitary Cushing's disease: Results of adrenal and pituitary
surgery. Acta Endocrinol 251 (Suppl):38-46, 1983.

Nakane T, Kuwayama A, Watanabe M, Takahashi T, Kato T, Ichihara K, Jugeyama
N. Long-term results of adenomectomy in patients with Cushing's disease.
Neurosurg 221:218-222, 1987.

Boggan JE, Tyrrell JB, Wilson CB. Transsphenoidal microsurgical management
of Cushing's disease. J Neurosurg 59:195-200, 1983.

Eastman RC, Gorden P, Roth J. Conventional supervoltage irradiation is an
effective treatment for acromegaly. J Clin Endocrinol Metab 48:931-940,
1979.

Grossman A, Cohen BL, Charlesworth M, Plowman PN, Rees LH, Wass JAH, Jones
AE, Besser GM. Treatment of prolactinomas with megavoltage radiotherapy.
Br Med J 288:1105-1109, 1984.



49.

49a

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Y

Roth J, Gorden P, Brace K. Efficacy of conventional pituitary irradiation
in acromegaly. N Engl J Med 282:1386-1391, 1970.

Littley MD, Shalet SM, Swindell R, Beardwell CG, Sutton ML. Low-dose
pituitary irradiation for acromegaly. Clin Endocrinol 32:261-70, 1990.

Vance ML, Evans WS, Thorner MO. Bromocriptine. Ann Int Med 100:78-91,
1984.

Vance ML, Thorner MO. Prolactinomas. Endocrinol Metab Clin North Am
16:731-753, 1987. :

Thorner MO, Perryman RL, et al. Rapid changes of prolactinoma volume after
withdrawal and reinstitution of bromocriptine. J Clin Endocrinol Metab
853:480-483, 1981.

Eversman T, Fahlbusch R, Rjosk HK, von Werder K. Persisting suppression of
prolactin secretion after long-term treatment with bromocriptine in patients
with prolactinomas. Acta Endocrinol 92:413-427, 1979.

Sobrinho LG, Nunes MC, Calhaz-Jorge C, Mauricio JC, Santos MA. Effect of
treatment with bromocriptine on the size and activity of prolactin producing
pituitary tumors. Acta Endocrinol 96:24-29, 1981.

Ambrosi B, Travaglini, Moriondo P, Nissim M, Nava C, Bochicchio D, Faglia G.
Effect of bromocriptine and metergoline in the treatment of
hyperprolactinemic states. Acta Endocrinol 100:10-17, 1982.

Fossati P, Dewailly D, Thomas-Desrousseaux P, et al. Medical treatment of

hyperprolactinemia. Horm Res 22:228-238, 1985.

Molitch ME, et al. Bromocriptine as primary therapy for prolactin secreting
macroadenomas: Results of a prospective multicenter study. J Clin
Endocrinol Metab 60:698-705, 1985.

Thorner MO, Besser GM. Bromocriptine treatment of hyperprolactinaemic
hypogonadism. Acta Endocrinol 88 (Suppl 216):131-146, 1978.

Kleinberg DL, et al. Pergolide for the treatment of pituitary tumors
secreting prolactin or growth hormone. N Engl J Med 309:704-709, 1983.

Duranteau L, Chanson P, Lavoinne A, Horlait S, Lubetzki J, Kuhn JM. Effect
ofd the new dopaminergic agonist CV205-502 on plasma prolactin levels and
tumour size in bromocriptine-resistant prolactinomas. Clin Endocrinol
34:25-29, 1991. '

Lkuzzi A, Chiodini PG, Botalla L, Cremascoli G, Silverstrini F. Inhibitory
effect of L-Dopa on GH release in acromegalic patients. J Clin Endocrinol
Metab 35:941-943, 1972.

Ishibashi M, Yamaji T Direct effects of catecholamines,
thyrotropin-releasing hormone, and somatostatin on growth hormone and
prolactin secretion from adenomatous and nonadenomatous human pituitary
cells on culture. J Clin Invest 73:66-78, 1984.



63.

64.
65.

66.

67.

69.

70.

71.

72.

73.

74.

75.

76.

77«

78.

-22-

Spada A, Sartorio A, Bassetti M, Pezzo G, Giannattasio G. In vitro effect
of dopamine on growth hormone (GH) release from human GH-secreting pituitary
adenomas. J Clin Endocrinol Metab 55:734-740, 1982.

Barkan AL. Acromegaly. Endocrinol Metab Clin North Am 18:277-310, 1989.

Nortier JWR, Croughs RJM, Thijssen JHH, Schwarz F. Bromocriptine therapy in
acromegaly: Effects on plasma GH levels, somatomedin C levels, and clinical
activity. Clin Endocrinol 22:209-217, 1985.

Wass JAH, Clemmons DR, Underwood LE, Barrow- I, Besser GM, Van Wyk KK.
Changes in circulating somatomedin-C 1levels 1in bromocriptine-treated
acromegaly. Clin Endocrinol 17:369-377, 1982.

Carlson HE, Levin SR, Braunstein GD, Spencer EM, Wilson SE, Hershman JM.
Effect of bromocriptine on serum hormones in acromegaly. Horm Res
19:142-152, 1984.

Bauer W, Briner U, Doepfner W, Haller R, Huguenin R, Marbach P, Petcher TJ,
Pless J. SMS 201-995: A very potent and selective octapeptide analogue of
somatostatin with prolonged action. Life Sci 31:1133-1140, 1982.

Wass JAH. Octreotide treatment of acromegaly. Horm Res 33 (Suppl 1):1-6,
1990.

Lamberts SWJ, Vitterlinden P, Verschoor L, VanDongen KJ, del Pozo E.
Longterm treatment of acromegaly with the somatostatin analogue SMS 201-995.
N Engl J Med 313:1576-1580, 1985.

‘Barkan AL, Kelch RP, Hopwood NJ, Beitins IZ. Treatment of acromegaly with

the long-acting somatostatin analogue SMS 201-995. J Clin Endocrinol Metab
66:16-23, 1988.

Lamberts SWJ, del Pozo E. Somatostatin analog and treatment of acromegaly:
New aspects. Horm Res 29:115-117, 1988.

Tolis G. Long-term management of acromegaly with sandostatin. Horm Res
29:112-114, 1988.

Wass JAH. Octreotide treatment of acromegaly. Horm Res 33 (Suppl 1):1-6,
1990.

Page MD, Millward ME, Hourihan M, Hall R, Scanlon NF. Long-term treatment
of acromegaly with octreotide (sandostatin). Horm Res 33 (Suppl 1):20-31,
1990. _

Shi YF, Harris AG, Zhu XF, Deng JY. " Clinical and biochemical effects of
incremental doses of the long-acting somatostatin analogue SMS 201-995 in
ten acromegalic patients. Clin Endocrinol 32:695-705, 1990.

Lamberts SWJ, del Pozo E. Acute and long-term effects of SMS 201-995 in
acromegaly. Scan J Gastroent 21 (Suppl 119):141-148, 1986.



79.
80.

. 81.

82.

83.

84.

9%
Besser GM. Chairman's summary. Horm Res 33 (Suppl 1):35, 1990.

Scheithauer BW, Kovacs K, Randall RV, Ryan N. Pituitary gland in
hypothyroidism. Arch Pathol Lab Med 109:499-504, 1985.

Arafah BM. Reversible hypopituitarism in patients with large nonfunctioning
pituitary adenomas. J Clin Endocrinol Metab 62:1173-1179, 1986.

Warfield A, Finkel DM, Schatz NJ, Savino PJ, Snyder PJ. Bromocriptine
treatment of prolactin-secreting p1tu1tary adenomas may restore pituitary
function. Ann Int Med 101:783-785, 1984.

Snyder PJ, Fowble BF, Schatz NJ, et al. Hypopituitarism following radiation
therapy of pituitary adenomas. Am J Med 81:457-462, 1986.

Nelson PB, Goodman ML, Flickenger JC, Richardson DW, Robinson AG. Endocrine
function in patients with large pituitary tumors treated with operative
decompression and radiation therapy. Neurosurg 24:398-400, 1989.



