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Preface

Andrew Arnold

The past several years have been a time of intense excitement and have
brought major advances in the understanding and treatment of endocrine
neoplasms. This is therefore an excellent point at which to undertake a broad-
based overview of the state of the art in endocrine neoplasia for the Cancer
Treatment and Research series. Because of the wide and interdisciplinary
readership of this series, our aim for each chapter has been to provide ample
background for those not highly familiar with the topic, while emphasizing the
most recent advances. Furthermore, the chapters have been written with the
clinician in mind, whether she or he is an oncologist, endocrinologist, surgeon,
generalist, pathologist, or radiologist. As such, the authors’ mission has been
to focus on clinically relevant issues and to present the scientific basis of
current or potential future advances in a manner easily digestible to the
nonexpert.

Endocrine tumors often cause problems for the patient by virtue of their
hormonal activity, which may frequently (but certainly not always) over-
shadow the adverse consequences related to their mass per se. In fact, it is
important to keep in mind that endocrine tumors can manifest two biologically
separable but often intertwined properties, namely, increased cell mass and
abnormal hormonal function. These need not go hand in hand, and their
distinction has definite clinical relevance in, for example, the increasingly
recognized problem of incidentally discovered adrenal or pituitary masses.
Endocrine tumors can also pose relatively unique problems to the clinician
and pathologist because the histopathologic distinction between benign and
malignant neoplasia may not be straightforward, and there can be wide vari-
ability in the clinical aggressiveness of even a clearly malignant or metastatic
tumor. Therefore, depending on the specific situation, therapy may be most
appropriately directed against the tumor cell mass, its hormonal activity, or the
secondary consequences of either.

The organization of this volume reflects both the organ-specific and more
generalized aspects of endocrine tumorigenesis. Some chapters are focused on
tumors of specific endocrine glands, for example, the pituitary, parathyroid,
thyroid, and adrenal glands. More general themes in pathogenesis, diagnosis,
and treatment are also addressed, for example, in chapters on radiation-



induced tumors, somatostatin analogs and receptors, persistent hyper-
insulinemic hypoglycemia of infancy, and paraneoplastic hypercalcemia. Fi-
nally, special issues of importance to the understanding and management of
the familial endocrine tumor syndromes MEN-I and MEN-II are separately
discussed. Certainly, there are other topics that could have reasonably been
included in this volume, but space constraints mandated a degree of arbitrary
selectivity.

I would like to express my most sincere gratitude to each of the contributors
for providing such timely reviews of new information in a manner designed to
appeal to the interdisciplinary readership of the Cancer Treatment and Re-
search series. Finally, the administrative assistance of Ms. Helen Basilesco and
Ms. Kate Vallan in my office, and Ms. Rose Antonelli at Kluwer Academic
Publishers, is gratefully acknowledged as is the production assistance of Ms.
Stephanie Granai at Kluwer.

Xiv



1. Growth hormone- and growth-hormone-releasing
hormone-producing tumors

Ilan Shimon and Shlomo Melmed

Acromegaly, a clinical syndrome of disordered somatic growth and propor-
tion, is usually caused by the unrestrained secretion of growth hormone (GH)
by a pituitary adenoma and rarely may result from GH-releasing hormone
(GHRH) secretion by an extrapituitary tumor. The disease was first described
more than a century ago and was the earliest pituitary disorder to be recog-
nized. The clinical features of acromegaly are caused by elevated GH and
insulin-like growth factor-I (IGF-I) levels.

Physiology of the GHRH-GH-IGF-I axis

The human GH gene, located on the long arm of chromosome 17 [1], codes
for a 22-kD single-chain polypeptide hormone containing 191 amino acids.
Approximately 10% of pituitary GH is secreted as a 20-kD variant lacking
amino acids 32-46 [2,3], probably arising as a result of an alternate splicing
mechanism. The GH gene is expressed and the hormone synthesized, stored,
and secreted by somatotrope cells. These acidophilic cells comprise 40-50% of
pituitary cells and are located in the lateral wings of the gland. GH secretion
is pulsatile, with undetectable basal levels occuring between peaks and maxi-
mum GH secretory peaks detected within 1 hour of deep-sleep onset. GHRH,
a 44-amino acid hypothalamic hormone, binds to specific receptors on
somatotrope cells, increases intracellular cyclic AMP, and selectively stimu-
lates transcription of GH mRNA [4] and GH secretory pulses [5].

IGF-I, the target hormone of GH, participates in feedback regulation
of GH by inhibiting both GH mRNA expression and GH secretion [6].
Somatostatin secreted from the hypothalamus suppresses basal GH secretion
without altering GH mRNA levels [7]. Somatostatin appears to be the
primary regulator of GH pulses in response to physiologic stimuli. Estrogens
enhance GH secretion, glucocorticoid excess suppresses its release, and
in hypothyroidism the GH response to GHRH and insulin-induced hypo-
glycemia is blunted. Thyrotropin-releasing hormone (TRH) does not stimu-
late GH secretion in normal subjects but induces GH release in patients with
acromegaly.

Andrew Arnold (ed.) ENDOCRINE NEOPLASMS. 1997. Kluwer Academic Publishers. ISBN 0-7923-4354-9.
All rights reserved.



The liver contains the highest concentrations of GH receptors, but other
tissues also express these receptors, which may circulate as soluble GH bind-
ing proteins (GHBPs). These 60-kD circulating receptor fragments are identi-
cal to the extracellular domain of the hepatic receptor [8] and bind half of
circulating GH. They prolong GH plasma half-life by decreasing the GH
metabolic clearance rate and also inhibit GH binding to surface receptors by
ligand competition [9]. GH acts both directly, via its own receptors, and
indirectly, via IGF-I, a 70 amino-acid protein, on peripheral target tissues.
Longitudinal bone growth—promoting actions on epiphyseal growth-plate
chondrocytes are probably stimulated indirectly by GH through local as well
as hepatic-derived circulating IGF-I. GH itself has chronic anti-insulin effects,
resulting in glucose intolerance, and the hormone increases muscle volume
and lean body mass, and significantly decreases body fat when administered to
GH-deficient adults [10].

Plasma IGF-I is associated with specific IGF binding proteins (IGFBPs).
Six structurally distinct IGFBPs have been cloned, and IGFBP-III is the most
abundant in adult circulation. Serum IGFBP-III levels correlate with IGF-I
levels and appear to be GH responsive, that is, they double in acromegaly and
are reduced in hypopituitarism. In contrast, IGFBP-I levels are elevated in
hypopituitarism and decreased in acromegaly, probably reflecting their depen-
dence on circulating insulin and somatostatin levels.

Molecular pathogenesis of somatotrope adenomas

Using chromosomal inactivation analysis, the monoclonality of GH-cell pitu-
itary adenomas was confirmed in female patients heterozygous for variant
alleles of hypoxanthine phosphoribosyltransferase and phosphoglycerate ki-
nase [11]. This observation suggests that a somatic somatotrope cell mutation
gives rise to clonal expansion and tumor formation. The G proteins are a
group of guanosine triphosphate (GTP)-binding proteins that are involved in
transmembrane signal transduction and the regulation of adenylyl cyclase. A
subset of GH-secreting human pituitary adenomas with constitutive activation
of Gs-o protein, persistent activation of adenylyl cyclase, and high levels of
intracellular cyclic AMP was described [12]. As GHRH signaling is mediated
by cyclic AMP, this G-protein activation bypasses the somatotrope require-
ment for GHRH-receptor activation and leads to sustained constitutive GH
hypersecretion. These tumors harbor somatic point mutations in two sites,
arginine 201 replaced by cysteine or histidine, and glutamine 227 replaced with
arginine (Table 1), which activate the Gs-o protein by inhibiting its intrinsic
GTPase activity and convert it into an oncogene (gsp) [13].

These activating gsp somatic mutations are present in up to 40% of GH-
secreting adenomas and, compared with nonmutant tumors, the gsp-bearing
adenomas are smaller, have mildly lower GH levels and enhanced
intratumoral cyclic AMP, and do not respond briskly to GHRH [14]. More-
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Table 1. Somatic Gs-o0 mutations in somatotrope adenomas: Cyclic AMP is enhanced in tumors
bearing these mutations

Adenylyl cyclase
(pmol cAMP/mg/min) Encoded amino acids

Tumor Basal Codon 201 Codon 227
Group 1 1 13 Arg Gln

2 6 Arg Gln_

3 16 Arg Gln

4 43 Arg Gln
Group 2 5 170 Arg (2)/Cys (3) Gln

6 430 Arg (0)/His (4) Gln

7 190 Arg (0)/Cys (3) Gln

8 180 Arg Gln (0)/Arg (3)

Arg = arginine, Gln = glutamine, Cys = cysteine, His = histidine.
Adapted from Landis et al. [13], with permission.

over, similar somatic mutations in codon 201 of the Gs-o were identified in
various tissues of patients with McCune-Albright syndrome, including GH-
producing pituitary adenomas [15]. Recently, the phosphorylated and, hence,
activated cyclic AMP-regulated factor CREB was implicated as the bio-
chemical intermediate in the mechanism by which cyclic AMP stimulates
somatotrope proliferation in GH-secreting pituitary adenomas [16]. Further-
more, in a study of sporadic pituitary adenomas, allelic deletions involving
chromosome 11 were found in a few GH-producing tumors [17].

Thus, there is intriguing evidence for both an activating as well as an
inactivating mutation in acromegaly. GHRH may also act as a pituitary
trophic factor. It induces somatotrope DNA synthesis [18], and patients har-
boring ectopic GHRH-secreting tumors may also develop pituitary adenomas.
Recently, an autocrine or paracrine mechanism of GHRH action on
somatotrope proliferation has been suggested by the finding of GHRH gene
expression in GH-secreting adenomas themselves [19].

Etiology of acromegaly

Benign pituitary adenoma accounts for over 98% of patients with acromegaly
(Table 2). GH-secreting adenomas are relatively rare, with a prevalence of 40-
70 cases per million and an annual incidence of three to four new cases per
million (Table 3). These sellar adenomas are epithelial tumors that derive
from and consist of adenohypophyseal cells. Pure somatotrope tumors exclu-
sively producing GH occur in 60% of these cases. These tumors are either slow
(densely granulated, as seen on electron microscopy) or rapidly growing
(sparsely granulated). The former tumors contain large amounts of stored GH
and lead to an insidious clinical progression over many years. Sparsely granu-

3



Table 2. Etiology of acromegaly

Excess GH secretion
Pituitary
Densely or sparsely granulated GH-cell adenoma
Mixed GH-cell and PRL-cell adenoma
Mammosomatotroph cell adenoma
Acidophil stem-cell adenoma
Plurihormonal adenoma
GH-cell carcinoma
Empty sella
Ectopic pituitary tumors
Sphenoid or parapharyngeal sinus
Extrapituitary tumor
Pancreas, carcinoid, lung, ovary, breast
Excess GHRH secretion
Central
Hypothalamic hamartoma
Peripheral
Carcinoid tumor, pancreatic-cell tumor, small-cell lung cancer,
adrenal adenoma, pheochromocytoma
Excess growth-factor secretion or action
Acromegaloidism
Miscellaneous
McCune-Albright syndrome
Multiple endocrine neoplasia

GH = growth hormone; GHRH = growth hormone-releasing
hormone; PRL = prolactin.
Adapted from Melmed [42], with permission.

Table 3. Worldwide epidemiology of acromegaly

Annual incidence: 3-4 per million
Population prevalence: 40-70 per million
Mean age at death, ca. 60 years
Mortality

2-3 X expected rate

Primarily vascular and malignant disorders

Data from Molitch [31], Bengtsson et al. [34], Rajasoorya et al.
[35], and Bates et al. [51].

lated adenomas are locally invasive and are usually associated with suprasellar
extension. Mixed GH-cell and prolactin (PRL)-cell adenomas [20]
(bimorphous tumors, 25%) cause acromegaly associated with moderately el-
evated serum PRL levels. In contrast, monomorphous mammosomatotrope
cell adenomas (10%) arise from a single cell expressing both GH and PRL,
and are believed to be related to the more primitive acidophil stem cells.
Clinical features of acromegaly may also occur in patients with either
monomorphous or plurimorphous plurihormonal tumors that express GH

4



with any combination of PRL, thyroid-stimulating hormone (TSH), adreno-
corticotrophic hormone (ACTH), or o-subunit {21]. GH-cell adenoma causing
scromegaly is a well-documented component of the autosomal dominant
multiple endocrine neoplasia-I (MEN-I) syndrome (including hyperpara-
thyroidism, pancreatic islet-cell tumors, and pituitary adenomas) and has been
diagnosed in several patients with sporadic McCune-Albright syndrome
(polyostotic fibrous dysplasia, cutaneous pigmentation, precocious puberty,
and hypersecretory polyendocrinopathy, including acromegaly).

In rare cases acromegaly may be caused by ectopic somatotrope cell
adenoma arising in pituitary tissue remnants in the sphenoid or para-
pharyngeal sinuses [22], reflecting the embryologic origin of the adeno-
hypophysis from Rathke’s pouch. GH-cell pituitary carcinomas with well-
documented extracranial metastases are exceedingly rare, aggressive, and rap-
idly growing tumors [23,24]. Their clinical presentation is initially similar to
that of a benign adenoma, and malignancy is diagnosed when distant meta-
static tumor is found. Rarely a functional metastasis may account for clinical
hypersomatotrphism [24].

Ectopic GH-secreting tumor with clinical evidence of acromegaly, GH gene
expression by the tumor tissue, marked arteriovenous gradient in GH levels
across the ectopic source, and a rapid fall of GH and IGF-I after tumor
resection have been documented in a single patient with a GH-producing
pancreatic islet-cell tumor [25]. In several other tumors, including lung, breast,
and gastric carcinomas, and bronchial carcinoids, GH immunoreactivity was
demonstrated. However, in these cases clinically excessive GH secretion was
not proven and no evidence of acromegaly was demonstrated.

Somatotrope hyperplasia is difficult to differentiate histologically from a
GH-producing adenoma and usually is associated with acromegaly due to
stimulation by ectopic GHRH-secreting tumors. This rare cause of
acromegaly, indistinguishable clinically from acromegaly due to a pituitary
adenoma, has been reported in patients with bronchial carcinoid tumors [26]
(50-60% of patients with GHRH-secreting tumors), pancreatic islet-cell tu-
mors [27], and small-cell lung cancers (see Table 2), and also adrenal
adenomas, pheochromocytomas, medullary thyroid, endometrial, and breast
cancers have rarely been described to express GHRH and to cause
acromegaly. The structure of GHRH was originally elucidated from extracts
of pancreatic islet-cell tumors removed from patients with this syndrome.
Some ectopic tumors may secrete GHRH with reduced biologic activity due to
chemical modifications of the hormone, while others synthesize GH but se-
crete it inefficiently. GHRH-producing tumors may also contain somatostatin.
Some patients with GHRH-secreting pancreatic tumors have hyperpara-
thyroidism or familial disease suggestive of MEN-I syndrome.

Eutopic hypothalamic GHRH-secreting tumors, including hamartomas,
choristomas, gliomas, and ganglioneuromas, may directly induce pituitary
somatotrope hyperplasia or adenoma and resultant acromegaly [28,29].
Rarely, a clearly acromegalic patient will be encountered with
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acromegaloidism, presenting as acromegaly without demonstrable pituitary or
extrapituitary tumor. GH and IGF-I levels are not elevated, and some of these
patients may produce an erythroprogenitor growth factor, distinguishable
from other growth factors [30] and demonstrated by bioassay techniques.

Clinical presentation (Table 4)

Acromegaly is insidious, and the mean delay from disease onset until diagnosis
is estimated to be 8-10 years [31]. Rarely, excess GH secretion preceeds
epiphyseal closure of the long bones in children, resulting in gigantism. About
one quarter of acromegalic patients are found to harbor microadenomas (di-
ameter <10mm), while most patients have macroadenomas, many of them
with parasellar invasion at the time of diagnosis [32]. Headaches are common,
and visual-field defects and hypopituitarism occurring secondary to the large
tumor mass correlate well with tumor size. Hyperprolactinemia is found in
about one third of patients, and in most cases is caused by cosecretion of
PRL with GH by the tumor (mixed somatotrope-lactotrope tumor, mam-
mosomatotrope or plurihormonal adenomas). However, immunohistochemi-
cal staining for PRL is observed in the majority of somatotrope adenomas.
Pituitary stalk compression by large GH-cell macroadenomas may also lead
to hyperprolactinemia. Amenorrhea or impotence are common, and galac-
torrhea may be present even in patients with normal PRL levels, when el-
evated GH levels behave as an apparent agonist for PRL receptors in the
breast.

Acral and soft-tissue overgrowth results in increased hand, foot, and heel-
pad thickness, with increased shoe or glove size, and ring tightening. Skeletal
overgrowth leads to mandibular enlargement with prognathism, frontal boss-
ing, characteristic coarse facial features with wide spacing of the teeth, and
a large, fleshy nose. Patients present with voice deepening, arthropathy,
kyphosis, carpal tunnel syndrome, proximal muscle weakness and fatigue, oily
skin, hyperhidrosis, acanthosis nigricans, skin tags, and depression. General-
ized visceromegaly with enlargement of the tongue, thyroid, salivary glands,
heart, and soft organs occur commonly.

Cardiovascular disease occurs in about a third of patients and consists of
coronary heart disease, cardiomyopathy with arrhythmias, left ventricular
hypertrophy, decreased diastolic function, and hypertension. Upper airway
obstruction, diagnosed in 70% of male and 25% of female acromegalic pa-
tients [33], has been attributed to macroglossia and laryngeal soft-tissue over-
growth. Sleep apnea occurs in about 60% of patients, and a third of them, in
fact, harbor central sleep apnea [33]. Patients with central sleep apnea have
significantly higher GH and IGF-I levels than those with obstructive sleep
apnea.

GH is a major peripheral antagonist of insulin, and glucose intolerance is



Table 4. Risks of long-term exposure to elevated growth hormone

Arthropathy
Unrelated to age of onset or to GH levels
Usually occurs with long duration
Reversibility
Rapid symptomatic improvement
Irreversibility of bone and cartilage lesions

Neuropathy
Peripheral nerves
Intermittent anesthesias, paresthesias
Sensorimotor polyneuropathy
Reversibility
Onion bulbs (whorls) do not regress

Cardiovascular disease

Cardiomyopathy

LV diastolic function decreased

LV mass increased; arrhythmias

Fibrous connective tissue hyperplasia
Hypertension

Exacerbates cardiomyopathy
Reversibility

May progress, even with normalized GH

Respiratory disease
Upper-airway obstruction
Soft-tissue overgrowth
Reversibility
Improves with reduction in GH

Malignancy
Increased risk
Increased soft-tissue polyps
Reversibility
Effect of therapy on risk unknown
Carbohydrate intolerance
25% diabetes
Reversibility
Improves with reduced GH

LV = left ventricular; GH = growth hormone.
Adapted from the Acromegaly Therapy Consensus Development
Panel [49], with permission.

present in about 50% of patients. Frank diabetes is diagnosed in 25% of
patients, and most of these have a family history of diabetes. Metabolic dis-
turbances as hypertriglyceridemia or hypercalciuria are found frequently in
acromegaly.

In children, GH hypersecretion is associated with pituitary gigantism. In
up to 20% of these cases McCune-Albright syndrome is diagnosed with
somatotrope hyperplasia, or less often with a pituitary adenoma.

Increased overall mortality in acromegaly, about threefold higher in male
patients, has been reported [31,34] due to cardiovascular and cerebrovascular
disorders, malignancy, and respiratory disease (Table 5). Survival of these



Table 5. Acromegaly: Causes of death

Cardiovascular 38-62%
Respiratory 0-25%
Malignancy 9-25%

Compiled from, Nabarro [32], Bengtsson [34], Bates [51], and
Rajasoorya [35].

Table 6. Survival determinants in 151 acromegalic patients

Last known growth hormone p < 0.0001
Hypertension p <0.02
Cardiac disease p <0.03
Symptom duration p <0.04

Adapted from Rajasoorya et al. [35], with permission.

Table 7. Common cancers in 1041 acromegalic male patients with-
out evidence of cancer at diagnosis

1190 males
¢ \A 149 (18% prevalent

1041 gastrointestinal cancer

Cz!xcers Expected O/E
All 116 72 1.6
Colon 13 42 3.1
Esophagus 7 23 31
Stomach 4 16 25
Melanoma 3 0.9 33

O/E = observed/expected.
Adapted from Ron et al. [38], with permission.

patients is reduced an average of 10 years compared with the non-
acromegalic population [35] and correlates negatively with higher levels of
GH at diagnosis (p < 0.001; Table 6). Other important determinants of mor-
tality are the presence of cardiovascular disease at diagnosis (p < 0.03),
diabetes mellitus (p < 0.03), and hypertension (p < 0.02) [35]. In fact, patients
with cardiac disease already present at the time of diagnosis of acromegaly
do not survive longer than 14 years [35], and only 30% of acromegalic
patients who already have diabetes at diagnosis appear to survive more than
20 years.

Acromegaly increases the risk of malignancy and tissue polyps. This may be
associated with the role of the GH-IGF-I axis in pathways that regulate
cellular proliferation of both malignant and normal cells [36]. In contrast,
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hypophysectomy appears to protect against neoplasia in both animal models
as well as in several earlier human studies. About 10% of patients develop
a malignancy, most commonly colonic, gastric, and esophageal adenocarc-
inomas [37,38], occurring in acromegalic patients with a two- to threefold
increase, and melanoma (Table 7). Adenomatous colonic polyps are present in
up to one third of acromegalic patients [39,40]. Colonoscopy is helpful in the
diagnosis of these premalignant lesions and differentiates them from the hy-
pertrophic mucosal folds occasionally found in these patients.

Diagnosis of acromegaly

The clinical diagnosis is usually clear cut in long-standing cases but may be
difficult in the early stages of the disease. The biochemical diagnosis of
acromegaly is based on the demonstration of excess GH and IGF-I secretion
with failure to suppress circulating GH levels by a glucose load. Random
serum GH measurements are not helpful in the diagnosis of GH hypersecre-
tion because of the pulsatile nature of pituitary GH release and its relatively
short circulating half-life (about 22 minutes). Therefore, integrated measure-
ments over time (at least every 20 minutes) are required. In addition, GH
levels may also be elevated in uncontrolled diabetes, malnutrition, anorexia
nervosa, cirrhosis, renal failure, and states of physical and emotional stress.
Many laboratories consider 5 ug/l the upper limit of normal basal morning GH
levels, using radioimmunoassay (RIA), but this criterion is no longer accept-
able. Normal subjects have basal values ranging between 0.25 and 0.7 ug/l,
which are below the sensitivity of most GH RIAs, and the probability of
acromegaly is high if morning levels are higher than 10pug/l.

A random GH level is not an absolute criterion for the diagnosis or exclu-
sion of acromegaly and correlates poorly with disease severity. Accordingly,
random morning levels are not cost effective for screening. When GH is
sampled every 5 minutes, levels are undetectable in about half of samples
collected from healthy individuals, while in acromegaly all samples collected
over 24 hours contain detectable GH levels (>2pg/l) [41]. GH immun-
oradiometric assays (IRMAs), employing a double monoclonal antibody sand-
wich system, are now widely used because of their sensitivity and accuracy,
compared with RIAs. These new IRMAs indicate normal integrated GH
levels of less than 0.5 ug/l.

Oral glucose tolerance test (OGTT)

This classic method is essential to establish the diagnosis of active acromegaly.
Oral glucose load (50-100g; after overnight fasting) normally suppresses GH
levels to <1pg/l within 1-2 hours, but acromegalic patients do not show
this suppression [42], and 20% of patients have a paradoxic rise after 30-60
minutes. This dynamic test is also useful in monitoring the response to therapy.
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IGF-I levels

Serum IGF-I levels are invariably high in acromegaly [43], correlate well with
24-hour GH secretion, and correlate better with the clinical manifestations of
hypersomatotropism than single random GH measurements [44,45]. IGF-I
clearance from the circulation takes hours (half-life 12-15 hours in association
with the IGFBP-3 complex), and its levels do not fluctuate during the course
of the day and are not affected by stress or physical exercise. Thus, single
elevated IGF-I level measured by a commercial RIA is highly specific for
diagnosing acromegaly and may also be helpful in monitoring the progress of
therapy. IGF-I levels reach a plateau when GH is above 40g/l, and at higher
GH concentrations the IGF-I increase is not linear. IGF-I levels are affected
by nutritional status, age, and estrogens. Pregnancy and late puberty are
associated with elevated levels, while values are normally low in infants and
elderly subjects.

IGFBPs

IGFBP-III levels correlate well with IGF-1 levels and are significantly elevated
in acromegaly [46], even in patients with normal GH suppression in response
to glucose. The utility of IGFBP-III as a sensitive diagnostic test of acromegaly
needs confirmation. IGFBP-I levels are low in acromegaly, are inversely cor-
related with GH levels, and may be useful in determining responses to therapy
[47].

TRH and gonadotropin-releasing hormone (GnRH) tests

In 50% of acromegalic patients, intravenous administration of TRH [48] or
GnRH increases GH levels, unlike normal subjects, who have no induced GH
response. GH response to TRH may indicate the presence of adenomatous
tissue after unsuccessful trans-sphenoidal surgery. However, this test is not
specific, because TRH may also stimulate GH release in renal failure, liver
disease, anorexia nervosa, and depression.

The recommended strategy for diagnosis and subsequent post-therapy
monitoring of acromegaly is to measure plasma IGF-I level and the GH
response to OGTT [49].

Differential diagnosis of acromegaly (Fig. 1)
Magnetic resonance imaging (MRI) of the pituitary, with the paramagnetic
contrast agent gadolinium, should identify the GH-secreting adenoma in pa-

tients with pituitary acromegaly. True acromegaly with normal GH and
IGF-I levels and no evidence for extrapituitary tumor probably represents
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Figure 1. Differential diagnosis of acromegaly. (Adapted from Melmed [42], with permission.)

‘burned out’ acromegaly associated with an infarcted previously active pitu-
itary adenoma.

If tumor is not evident, the rare possibility of ectopic secretion of GHRH
with somatotrope hyperplasia should be considered. An enlarged pituitary is,
however, often found on MRI of patients with ectopic GHRH-secreting tu-
mors. Excess GHRH secretion leading to pituitary hyperplasia may result in
subsequent somatotrope adenoma formation. Imaging of the hypothalamic
region is mandatory to exclude the presence of hypothalamic GHRH-
secreting tumor. Plasma GHRH levels are usually elevated as much as 3-10ng/
ml in patients with peripleral GHRH-secreting tumors [50] compared with
barely measurable concentrations (<30pg/ml) in patients with pituitary
acromegaly. However, hypothalamic GHRH-secreting tumors do not raise
peripheral GHRH leves because excess eutopic hypothalamic GHRH is prob-
ably secreted into the hypophyseal portal system.

Unique clinical features and biochemical markers related to carcinoid syn-
drome (respiratory wheezing, flushing), islet-cell tumors (peptic ulcers and
hypergastrinemia, hypoglycemia, and hyperinsulinemia), or small-cell lung
cancer (hypercortisolism) may be associated with extrapituitary acromegaly
and should be an indication for localization of a secreting tumor by abdominal
[computed tomography (CT), MRI, arteriography, endoscopic ultrasound] or
chest (x-ray, CT, bronchoscopy) imaging. Radiolabeled octreotide scan may
be helpful to visualize ectopic GHRH-producing tumors or their metastases,
as has been demonstrated in somatostatin receptor—positive endocrine tu-
mors, including carcinoid tumors.
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Treatment

Long-term exposure to high levels of GH and IGF-I reduces the quality of life
by causing chronic pain, discomfort, and disfigurement, and shortens life ex-
pectancy. In addition, large pituitary tumors may compress and destroy adja-
cent structures and result in visual decompensation and hypopituitarism. Thus,
to improve patient outcome the disease should be diagnosed early and medical
intervention undertaken [51], even in the presence of mild GH excess with
minimal signs and symptoms. The source of excess GH secretion should be
identified, and the goal of management is either to remove it or suppress its
activity. Effective treatment should restore soft-tissue overgrowth, and the
other classic symptoms and biochemical derangements should be ameliorated.
GH (after a glucose load) and IGF-I levels should ideally be normalized, and
the pituitary tumor should be selectively resected or shrunken with preserva-
tion of residual anterior pituitary function. Criteria for biochemical cure of
acromegaly include GH reduction to <1pg/l after glucose load and IGF-I
normalization [49]. Furthermore, restored circadian rhythm and appropriate
responses of GH to provocative stimuli, including arginine, L-dopa, and exer-
cise, should ideally be achieved to ensure that acromegaly is cured. Unfortu-
nately, none of the three therapeutic modes currently available — surgery,
irradiation, and medical treatment — alone fulfills all these comprehensive
biochemical criteria, and acromegaly has in many patients been ‘controlled’
but not ‘cured.’

Surgical management

Well-localized GH-secreting pituitary adenoma should be resected by an ex-
perienced neurosurgeon using a selective trans-sphenoidal surgical approach
[52-55]. This procedure has yielded high success rates at major neurosurgical
centers, with the use of accurate MRI localization, microinstrumentation, and
sophisticated head-immobilization techniques. Residual pituitary function is
usually preserved after resection of well-encapsulated tumors with no
extrasellar extension. A transfrontal pituitary operation is rarely reserved for
patients harboring large tumors with suprasellar extension or contiguity with
blood vessels or the optic tract. Signs of preoperative tumor compression and
compromised trophic hormone secretion are often restored by surgery. Soft-
tissue swelling and metabolic dysfunction start improving immediately after
successful tumor resection, GH levels usually return to normal within 1 hour,
and IGF-I levels are normalized after 1 week but may remain elevated for
several months, even when GH levels are in remission. In contrast to soft-
tissue swelling, the hard-tissue changes induced by the acromegaly are
irreversible.

Precise interpretation of surgical results in acromegaly is difficult, because
most reports do not provide results of postglucose GH levels or IGF-I mea-
surements. In addition, long-term data are often not reported in these series.
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Figure 2. Percentage of acromegalic patients with GH levels below Spg/l (gray bars) or 10pg/l
(black bars) in different series (A) after trans-sphenoidal surgery and (B) 10 years after radio-
therapy. (Adapted from Melmed et al. [56], with permission.)
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In patients with intrasellar microadenomas, 72% had postglucose GH levels of
<2ug/1 (81% had basal levels of <5 ug/l) in the early postoperative period [53],
while only 50% of all-sized macroadenomas had GH levels <2pg/l after
glucose load [53]. In most large surgical series, 60% of acromegalic patients
had postoperative random GH levels <5pg/l [52-56] (Fig. 2A), and the suc-
cess rate was significantly lower for macroadenomas. However, many patients
with postoperative random GH levels of <5 pg/l had increased IGF-I levels, or
increased GH secretion when retested a year or more after the operation.
Acromegaly may recur several years after surgery in 5-10% of operated
patients despite normal dynamic GH shortly after the operation. This prob-
ably reflects the incomplete resection of the tumor, and if residual tumor is
documented by MRI, reoperation is indicated with less favorable results than
for primary resection.

Postoperative anterior pituitary failure and the need for lifelong hormonal
replacement is found in up to 15% of patients [52,53], and the risk is increased
in patients operated for large invasive tumors. Permanent diabetes insipidus
occurs in 2.6% of patients [52], and other complications, including cerebrospi-
nal fluid rhinorrhea, meningitis, and central nervous system damage, are rare.
A mortality rate of about 1% or less may be encountered in association with
resection of large invasive tumors.

The therapy of choice for ectopic acromegaly is surgical removal of
GHRH- or GH-producing tumors if feasible and after accurate localization of
the secreting tumor {57]. Cure is achieved when GHRH, GH, and IGF-I are
normalized, together with GH suppressibility to glucose. Alternative thera-
peutic strategies are used in patients with inoperable metastatic disease
(i.e., lung cancer), including pituitary surgery (ineffective in most GHRH-
producing tumors) and octreotide administration (see later).

Radiotherapy

External-beam irradiation for acromegaly should be considered as adjuvant
therapy when surgery or medical therapy has failed to control the disease.
Maximal tumor irradiation with minimal normal tissue damage are achieved
with precise MRI tumor localization, highly reproducible simulation, and
isocentral rotational techniques. Conventional x-irradiation, proton beam
(heavy-particle) therapy (performed in a limited number of centers), and
gamma-knife excision (available in a few centers) can be used. The conven-
tional megavoltage radiotherapy generated by cobalt-60 and linear accelera-
tors is the common method of treatment. The recommended total dose is
4500-5000rad given over 5-6 weeks in treatment fractions not exceeding
180rad/day [57]. In addition to a high rate of late complications, the slow rate
of response is the main disadvantage of radiotherapy, and many patients
continue to be exposed to unacceptably high levels of circulating GH and
IGF-I for several years after irradiation. Thus, radiotherapy is an inappropri-
ate option for young patients with progressive physical deformities. The
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reduction in GH levels is more rapid with proton-beam therapy (the recom-
mended dose is 15,000rad), compared with conventional radiotherapy, and
hormone levels begin falling gradually during the first year after treatment.
GH levels drop to less than 10ug/l after 5-10 years, and values <Spg/l are
encountered 10-15 years after treatment, with up to 77% of patients falling
below Spg/l after 15 years [58-60] (Fig. 2B). Tumor growth is arrested, and
over 95% of GH-cell adenomas shrink and headaches improve [58,61].

Proton-beam therapy is contraindicated in patients with suprasellar exten-
sion of their tumors because the optic tract can be exposed to the radiation
field. Stereotactic ablation of GH-secreting adenomas by gamma-knife
radiosurgery is highly promising but is performed only in specialized centers,
and long-term results are not yet available. About half of acromegalic patients
receiving radiotherapy develop hypopituitarism within 10 years after treat-
ment [58], and the incidence increases thereafter. Hypocortisolism and
hypogonadism are the common trophic hormone deficits (40-50%), and iso-
lated hypothyroidism occurs in 10% of irradiated patients. Thus, many pa-
tients will require replacement of gonadal steroids, hydrocortisone, and
thyroid hormone. Other postirradiation complications, including cranial-nerve
palsies, vision loss, memory deficits, and cerebral necrosis, are very rare and
are usually associated with larger doses than currently recommended. Second-
ary brain tumors occuring within the radiation field following treatment have
been reported in 1.3-1.7% of irradiated patients during the first 10 years after
therapy [62,63]. These include astrocytoma, glioma, meningioma, and rarely
meningeal sarcoma [62,63]. The relative risk of developing such a second
tumor has been estimated as 9-16 times greater than that of the normal
population.

Medical treatment

Bromocriptine. Bromocriptine, an ergot-derivative dopamine agonist, sup-
presses GH secretion by neoplastic somatotropes and has therefore been
used as a primary or adjuvant therapy for acromegaly, in combination with
octreotide or irradiation, or before surgery. Usually patients require up to 20—
30mg/day, higher than the dose required to suppress PRL secretion in patients
with prolactinoma. In addition, the duration of GH suppression is shorter in
acromegaly, compared with the effect on PRL in prolactinoma, necessitating
three to four daily doses instead of two. Among 549 patients from 31 different
series treated with bromocriptine, random GH levels decreased to <10pg/l
in 53% and to <5ug/l in 20% [64]. IGF-I levels were normalized in 10% of
treated patients, and the drug resulted in minimal tumor shrinkage in less than
20% of patients. However, the majority of patients in this retrospective analy-
sis experienced subjective clinical improvement while taking the drug, includ-
ing decreased soft-tissue swelling, fatigue, perspiration, and headache. Thus, it
has been suggested that bromocriptine may have a beneficial peripheral effect
by impairing GH bioactivity unrelated to the direct effect on somatotrope
secretion.
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Bromocriptine does not reduce GHRH levels in patients with GHRH-
producing tumors and fails to significantly lower serum GH and IGF-I levels in
most of these patients. At the initiation of therapy, bromocriptine may cause
gastointestinal upset, nausea, postural hypotension, and dizziness. Most of
these side effects resolve with continued drug use. Other side effects, including
nasal suffiness, depression, nightmares, and hallucinations, are reversible after
decreasing the drug dose.

Octreotide. The somatostatin analog, octreotide, inhibits GH secretion with
at least 40-fold greater potency than the naturally occuring hypothalamic
somatostatin, but with only mild suppressive effect on insulin secretion. This
eight amino-acid analog is relatively resistant to enzymatic degradation, with
a circulating half-life of approximately 2 hours after subcutaneous injection,
compared with the short duration of action of human somatostatin (serum
half-life, about 3 minutes). Furthermore, rebound GH hypersecretion seen
following somatostatin infusion is not encountered after octreotide, and pro-
longed use of the analog is not associated with desensitization. Cultured GH-
secreting tumor cells respond in a qualitatively normal way to somatostatin,
and this inhibitory effect is mediated via specific membrane receptors on the
tumor cells {65]. Circulating GH suppression after octreotide administration
closely correlates with the density of somatostatin receptors on the tumor
tissue removed [66] and with the presence of receptors demonstrated by
radiolabeled octreotide scan [67]. Acute lowering of GH levels in response to
a test dose of octreotide was demonstrated only in patients with pituitary
uptake of the labeled analog, while patients who do not respond to octreotide
do not have visible in vivo receptors. Recently, expression of somatostatin
receptor subtypes 2 and 5 was demonstrated in GH-secreting tumors [68,69].
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Figure 3. Effect of low-dose (100ug every 8 hours, n = 50) and high-dose octreotide (250 g every
8 hours, n = 54) on integrated GH and IGF-I levels in acromegalic patients treated with subcuta-
neous octreotide for 6 months. ***p < 0.001 versus baseline. (Adapted from Ezzat et al. [71], with
permission.)
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Octreotide exerts its GH-suppression effect predominantly through these re-
ceptor subtypes.

A single subcutaneous injection of 50-100pg octreotide suppresses GH
secretion for 4-6 hours [70] (Fig. 3). The drug is administered in three daily
injections (100-200 ug each), and the daily dose can be increased up to 1500 ug.
A long-acting formulation of somatostatin analog (Sandostatin LAR) that
produces slow release of octreotide from microspheres is currently under
clinical investigation, and has shown comparable GH suppression in ac-
romegalic patients for as long as 6 weeks after a single 30-mg intramuscular
injection. Octreotide administered subcutaneously every 8 hours significantly
suppresses GH levels in over 90% of acromegalic patients [71] (see Fig. 3),
decreasing the integrated GH levels over 5 hours after injection to <5ug/l in
50% of patients, and to <2ug/l in 25%.

Octreotide normalizes IGF-I levels in 47% of patients treated worldwide
[56]. In patients treated for microadenomas, integrated GH and IGF-I levels
are almost invariably normalized [71], while the drug is less effective in larger
adenomas (Table 8). In a recent multicenter follow-up of 103 acromegalic

Table 8. Factors influencing biochemical and clinical responsive-
ness to octreotide in acromegaly

Dose

Delivery mode

Duration

Disease severity
Baseline GH and IGF-I
Tumor size

GH = growth hormone; IGF-I = insulin-like growth factor I.

Table 9. Comparison of treatment modalities for acromegaly: Success rates and complications

Trans-sphenoidal surgery

Microadenoma Macroadenoma Radiotherapy Bromocriptine  Octreotide
GH <5pg/ 80% 50-60% 7% (15yr) 20% 65%
GH <2pg/! 70% 40% n.d. nd. 40%
Normal IGF-I ~50%* nd. 10% 50%
Tumor shrinkage >95% 70% 95% 10% 50%
Disadvantages
Recurrence 5-10% Late response Low efficacy 3 s.c. injections/day
Persistent GHT 40%
Complications
New hypopituitarism 15% >50% No No
Other Diabetes insipidus 2.6% Neurological Nausea, Asymptomatic
deficits dizziness gallstones

n.d. = no data; GH = growth hormone; IGF-I = insulin-like growth factor L.
*Data derived from our experience.
Data summarized from Fahlbusch et al. [53], Eastman et al. [58], Jaffe et al. [64], Ezzat [71), and Newman et al. [72].
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patients receiving long-term octreotide treatment, GH levels 2 hours after
analog injection were =5ug/l in 65% of patients and =2ug/l in 40% [72]
(Table 9). IGF-I concentrations decrease to normal in 56% of patients [72].
Significant tumor shrinkage, as assessed by MRI or CT scan, occurs in up to
50% of patients [71]. This effect on tumor size is evident within the first 3
months and is reversible if treatment is stopped. Over 70% of patients experi-
ence rapid and marked improvement in many signs and symptoms within
several days [71], including soft tissue swelling, hyperhidrosis, headache,
arthralgia, and paresthesias.

Combined therapy with bromocriptine and octreotide induces an additive
suppression of GH and IGF-I compared with separate administration of simi-
lar doses of either drug [73]. Sleep apnea responds dramatically to long-term
octreotide treatment [74]. However, this improvement is independent of the
biochemical response of GH or IGF-I to the drug administration, and it does
not differ in patients who are in biochemical remission or in those who do not
achieve this remission. In patients with left ventricular hypertrophy, treatment
with a somatostatin analog results in a rapid decrease of left ventricular mass
within weeks, associated with reductions of GH and IGF-I levels [75]. How-
ever, the biochemical remission often does not cure the hypertension com-
monly seen in acromegaly.

Octreotide also suppresses hypersecretion of ectopic GHRH-producing
tumors, while decreasing the secretion of GH by the pituitary, and can be used
to treat this unusual form of acromegaly. However, GHRH suppression is
incomplete and transient, and the drug acts both at the pituitary level and on
the GHRH-secreting tumor. Octretotide improves the clinical and biochemi-
cal manifestations of acromegaly in these patients [76], and rarely inhibits the
primary and metastatic carcinoid tumor growth. Symptoms due to other
hypersecreted hormones (i.e., gastrin) can be ameliorated.

Table 10. Octreotide side effects

Gallbladder
Asymptomatic gallstones or sludge
Gastrointestinal
Diarrhea
Nausea
Abdominal discomfort
Glucose levels
Hypoglycemia
Hyperglycemia
Thyroid function
Hypothyroidism
Cardiac
Sinus bradycardia

Other adverse events
Pain on injection
Headache
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Octreotide treatment is indicated in acromegalic patients who have inad-
equately responded to surgery or bromocriptine, or cannot be treated by these
modalities; to control acromegaly after radiotherapy, as clinical improvement
is delayed; and to control severe symptoms, including headaches and sleep
apnea, before trans-sphenoidal adenomectomy.

Side effects (Table 10). Octreotide is well tolerated in most patients. Most side
effects are related to the suppression of gastrointestinal motility and secretion
by the drug, and are often short lived [49]. They include nausea, mild
malabsorption, loose stools, abdominal discomfort, and flatulence in one third
of the patients. Mild glucose intolerance may occur due to transient
suppression of insulin secretion, but insulin requirements in diabetic
acromegalics are dramatically reduced while receiving octreotide. The most
significant side effect relates to the gallbladder. Octreotide attenuates
postprandial gallbladder contractility and delays emptying, and up to 40% of
long-term treated patients in the United States develop asymptomatic
cholesterol gallstones or sludge [72], usually during the first year of treatment.
The incidence of gallstones is geographically variable, with higher rates
observed in China, Australia, and the United Kingdom. Other side effects
include asymptomatic bradycardia, headache, hypothyroxinemia, and local
pain at the injection site.

Management strategy (Fig. 4)

Trans-sphenoidal surgery is the primary therapeutic option in pituitary
acromegaly, both for invasive and noninvasive adenomas. In addition,
octreotide may be used as the initial treatment in selected patients.
Preoperative octreotide is commonly tried in patients harboring large invasive
macroadenomas to shrink the tumor and to improve the postsurgical outcome.
If GH and IGF-I levels have normalized after surgery, no additional treatment
is needed. If surgical therapy fails to achieve biochemical remission, medical
management with bromocriptine and/or octreotide should be initiated. Sellar
radiotherapy is selected if medical treatment does not normalize GH or IGF-
I. Octreotide treatment should be instituted to control symptoms and to pre-
vent further tissue damage until radiation becomes effective. In the case of
recurrent disease, octreotide is the best therapeutic option for immediate
relief of symptoms and reduction of GH hypersecretion. For elderly
asymptomatic patients, no therapy may be indicated, and for elderly patients
experiencing morbidity, octreotide is the preferred treatment [49].

Follow-up
The criteria for biochemical cure are suppressed GH of <1 g/l after glucose
load and normal IGF-I levels, and patients should be followed quarterly after

treatment to achieve these goals of therapy. However, even ‘cured’
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Figure 4. Management strategy for acromegaly caused by a pituitary adenoma.

acromegalic patients usually have abnormal patterns of GH secretion and
experience most of their secretion as detectable basal GH and not during
pulses, as do normal subjects. To monitor residual anterior pituitary function,
hormone evaluation should be performed semiannually, and MRI should be
repeated every year in the first years following successful therapy. Semiannual
visual field assessment by perimetry is mandatory in acromegalic patients with
residual tumor, in those treated with octreotide or bromocriptine, and in
patients requiring hormone replacement. Frequent colonoscopic examination
is recommended in patients over 50 years old, and rheumatologic, dental, and
cardiac evaluations are included in the follow-up.

Future developments

Novel somatostatin analogs with longer acting formulations and delivery sys-
tems are currently being developed [77]. Other peptide preparations include
GH analogs behaving as antagonists. Transgenic mice expressing high levels of
a mutated bovine GH gene are dwarf and secrete low levels of IGF-I [78]. This
analog acts as a functional antagonist to the action of endogenous GH at the
receptor level. This may serve as a model for the future development of human
GH agonists or antagonists that, hopefully, will block the adverse effects of
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GH hypersecretion in acromegaly. In addition, GHRH antagonist administra-
tion blocks GHRH activity in the pituitary and hypothalamus, and prevents
GH secretion and somatic growth in immature animals. These advances will
provide the treating physician with new nonsurgical therapies for neuroendo-
crine control of acromegaly.
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2. Adrenocorticotrophic hormone-dependent
Cushing’s syndrome

Giovanni Cizza and George P. Chrousos

Cushing’s syndrome is the state that results from prolonged exposure of tissues
to excess glucocorticoids. At the beginning of the century, Harvey Cushing
recognized that Cushing’s syndrome could result from tumors arising from
either the anterior pituitary (basophilic adenomata) or the adrenal cortex
[1,2]. This observation set the basis for our current classification of Cushing’s
syndrome into adrenocorticotrophic hormone (ACTH)-dependent and
ACTH-independent forms. The former, in addition to pituitary adenomas,
includes nonpituitary tumors that secrete ACTH (ectopic ACTH syndrome)
or, rarely, corticotropin-releasing hormone (CRH; ectopic CRH syndrome).
In the early 1950s, when glucocorticoids were first employed in the treatment
of rheumatoid arthritis, the iatrogenic form of Cushing’s syndrome appeared.
As the use of glucocorticoids was extended to many immunological, hemato-
logic, renal, and other diseases, the prevalence of exogenous Cushing’s syn-
drome far exceeded that of the endogenous forms. More recently, factitious
use of glucocorticoids was also reported [3].

Clinical presentation

Cushing’s syndrome is a multisystem disorder. The typical clinical presenta-
tion of Cushing’s syndrome results primarily from excess glucocorticoids
(hypercortisolism) and, to a lesser extent, from excess mineralocorticoids
(hypermineralocorticoidism) and/or adrenal androgens (hyperandrogenism).
One of the earliest signs in virtually all patients with Cushing’s syndrome is
obesity, while in growing children this is combined with deceleration or arrest
of growth [4,5]. The accumulation of visceral fat in patients with Cushing’s
syndrome, a result of excess cortisol and insulin secretion, is associated with
the full expression of metabolic syndrome X (hyperlipidemia, hypertension,
insulin resistance) and its long-term sequelae.

Etiology: definition

Endogenous Cushing’s syndrome can result either from ACTH or CRH ex-
cess of pituitary or ectopic tumor origin, or from autonomous cortisol hyper-
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secretion by cortisol-secreting adrenal benign or malignant tumors or by
‘micronodular’ or ‘massively macronodular’ adrenals (Table 1). Endogenous
Cushing’s syndrome is rare, with an overall incidence of approximately two to
four new cases per million of population per year, and has a female to male
preponderance (9:1). ACTH-dependent Cushing’s syndrome accounts for
about 85% of endogenous cases. In the great majority of these cases (80%),
the cause is autonomous pituitary ACTH secretion, referred to as Cushing’s
disease. In the remaining 20% the source of ACTH secretion is ectopic.
Ectopic CRH production causing Cushing’s syndrome has also been described
in a number of case reports [6,7].

The molecular pathophysiology of ACTH-secreting tumors, either in the
pituitary or ectopically, remains elusive. Unlike the case of growth hormone-
secreting adenomas, abnormalities of the G-proteins are not frequent in
corticotropinomas; however, approximately 50% of these tumors overexpress
the p53 tumor suppressor gene, possibly as a result of neutralizing mutations
of this gene [8]. The possibility of activating/oncogenic somatic mutations of
the CRH receptor and/or the vasopressin V1P receptor genes is currently
under investigation, while a somatic frame-shift mutation of the glucocorticoid
receptor gene was recently described in a large corticotropinoma [9]. Familial
ACTH-dependent Cushing’s syndrome can be seen within the context of
multiple endocrine neoplasia.

Table 1. Classification of hypercortisolism

Physiologic states
Stress
Pregnancy
Chronic strenuous excercise
Malnutrition

Pathophysiologic states
Cushing’s syndrome
ACTH dependent (85%)
Pituitary adenoma (80%) (rarely MEN-I)
Ectopic ACTH (20%) (rarely MEN-I, MEN-II)
Ectopic CRH (rare)
ACTH independent (15%)

Adrenal adenoma (rarely MEN-I, McCune-Albright syndrome)
Adrenal carcinoma
Micronodular adrenal disease (rare)
Massive macronodular adrenal disease (rare)

Psychiatric states
Melancholic depression (pseudo-Cushing’s)
Obsessive-compulsive disorder
Chronic active alcoholism (pseudo-Cushing’s)
Panic disorder
Anorexia nervosa
Narcotic withdrawal

Complicated diabetes mellitus

Glucocorticoid resistance

MEN-], II = Multiple endocrine neoplasia I, IL.
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Diagnosis and differential diagnosis

Despite major recent advances, the diagnosis and differential diagnosis of
Cushing’s syndrome continues to challenge the diagnostic skills of physicians
[10]. The goal of the clinician should be to identify individuals with Cushing’s
syndrome and to differentiate its causes as early in the course of the disease as
possible, so as to avoid the chronic complications of hypercortisolism.

Once there is clinical suspicion of Cushing’s syndrome, the first step is the
biochemical documentation of endogenous hypercortisolism. This step can
usually be accomplished by outpatient tests. Measurement of 24-hour urinary
free cortisol (UFC) and/or 17-hydroxysteroid excretion and the 1-mg over-
night dexamethasone suppression test are used for this purpose.

Twenty-four hour UFC excretion remains constant throughout life when
normalized per square meter of body surface area, obviating the need of using
age-specific normal values in children or obese subjects [11]. When assays
for UFC excretion are not available, measurement of urinary 24-hour
17-hydroxysteroids can be of help. These compounds include all cortisol
metabolites with a 17-dihydroxyacetone side chain and thus give an indirect
measure of the rate of cortisol secretion. Correction is required, however, for
urinary creatinine excretion because size and adiposity influence their daily
production.

Determination of 24-hour UFC excretion is the best screening test available
for documentation of endogenous hypercortisolism [12]. Values consistently
in excess of 300 pg/day are virtually diagnostic of Cushing’s syndrome. Assum-
ing complete collections have been performed, there are virtually no false-
negative results. False-positive results, however, may be obtained in several
non-Cushing’s hypercortisolemic states (see Table 1). In these states, however,
rarely are the levels of UFC higher than 300ug per day.

The overnight 1-mg dexamethasone suppression test is a simple screening
procedure for hypercortisolism [13]. The test has a low incidence of false-
normal suppression (less than 3%). However, the incidence of false-positive
results is significantly high (approximately 20-30%). In children, the dose of
dexamethasone that should be employed is 15 ug/kg body weight.

Cushing’s syndrome is generally excluded if the response to the single-dose
dexamethasone suppression test and the 24-hour UFC or 17-hydroxysteroid
excretion are normal. One should bear in mind, however, that cortisol hyper-
secretion may be intermittent and periodic in 5-10% of patients with
Cushing’s syndrome of any etiology. Documenting loss of diurnal variation of
plasma cortisol would support the diagnosis of Cushing’s syndrome and
vice versa. The same is true for loss of stress-induced activation of the
hypothalamic-pituitary-adrenal (HPA) axis in Cushing’s syndrome. More than
a single morning and evening blood draws increase the value of the test,
because a significant variability of cortisol levels may be present. Similarly,
isolated plasma ACTH determinations are of limited value, especially because
there is significant overlap between the ACTH levels in Cushing’s patients and
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those in normal subjects. On the other hand, plasma ACTH measurements can
be quite useful in providing an early distinction between ACTH-dependent
and ACTH-independent sourses.

Distinguishing Cushing’s syndrome from pseudo-Cushing states

The clinical and biochemical presentation of mild hypercortisolism in
Cushing’s syndrome if often indistinguishable from that seen in pseudo-
Cushing states, such as depression or chronic active alcoholism (see Table 1)
[14,15]. A hyperactive/hyper-responsive hypothalamic CRH neuron is
central to the hypercortisolism of pseudo-Cushing states in the context of a
pituitary-adrenal axis that is otherwise appropriately, albeit not fully, re-
strained by negative cortisol feedback [16]. In contrast, the hypercortisolism of
Cushing’s syndrome, regardless of the classification, feeds back negatively on
the hypothalamus and completely suppresses hypothalamic CRH secretion.
These concepts form the basis for the tests used in the differential diagnosis
of mild hypercortisolism. Thus, most patients with Cushing’s syndrome
(80-90%) show inadequate suppression to low-dose (0.5mg every 6 hours
for 2 days) dexamethasone and do not respond to insulin-induced
hypoglycemia, in contrast to the normal responses of depressed and other
pseudo-Cushing patients. In addition, patients with Cushing’s disease (85%)
have a ‘normal’ or exaggerated ACTH response to CRH, whereas patients
with depression (75%) show a blunted response. Whether these three tests,
however, are considered individually or taken in combination, their
diagnostic accuracy in the differential diagnosis of mild hypercortisolism does
not exceed 80%.

Recently, we combined dexamethasone suppression (0.5mg every 6 hours
for 2 days) and the ovine (0) CRH stimulation test to optimize the ability of
oCRH to distinguish between the hypercortisolism of Cushing’s disease and
pseudo-Cushing’s states (Table 2) [17]. In the latter, the pituitary corticotroph
is appropriately restrained by glucocorticoid feedback and does not respond to
CRH, whereas in the former the corticotroph tumor is resistant to this dose of
dexamethasone and responds to CRH. Thus, the dexamethasone/CRH test
achieves nearly 100% specificity, sensitivity, and diagnostic accuracy. This test
should be reserved, however, for those borderline/mildly hypercortisolemic
patients who have already failed to suppress to 1mg of overnight
dexamethasone and who the clinician suspects as having Cushing’s disease.
The criterion used for the diagnosis of Cushing’s disease is a 15-minute cortisol
level of >38nmol/l (1.4 pg/dl) after the CRH injection.

Another strategy, which is always helpful in diagnosing or ruling out
Cushing’s syndrome, is to closely monitor the patient over the course of a
few months. While true hypercortisolism will persist and cause further
symptomatology, the hypercortisolism of pseudo-Cushing’s states will be fre-
quently corrected spontaneously with effective antidepressant treatment or
abstinence from alcohol.
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Table 2. Combined dexamethasone suppression-oCRH test

Method Give dexamethasone 0.5mg every 6 hours for 2 days before injecting ovine (0)
CRH. Last dexamethasone administration at midnight. Next morning at 8 AM,
CRH 1ug/kg body weight is given iv over 1 minute. Draw blood for plasma
cortisol 15 minutes after CRH injection.

Response Cushing disease is likely if plasma cortisol after CRH is >1.4pg/dl.

Uses To distinguish pseudo-Cushing’s from Cushing’s syndrome in patients with mild
hypercortisolism.
Problems CRH is a new agent, not yet commercially available.
Human CRH is not as good a diagnostic test as oCRH.

Differential diagnosis of Cushing’s syndrome

Once the diagnosis of endogenous Cushing’s syndrome has been established,
the next challenge is to establish the specific cause [10,18]. Generally, a
relatively acute onset of symptoms with rapid progression and associated
hypokalemic alkalosis point toward an ectopic ACTH source. In most of the
cases, however, accurate differential diagnosis can only be achieved by the
combination of dynamic endocrine testing of the integrity of the feedback of
the HPA axis, and imaging techniques used mainly to examine the size and
shape of the pituitary and adrenal glands and to localize ectopic ACTH- or
CRH-secreting tumors (see Table 2). It is essential that dynamic adrenal
testing is performed while the patient is clearly hypercortisolemic. This always
needs to be documented at the time of testing to avoid mistakes. For this
purpose, all adrenal-blocking agents should be discontinued for at least 6
weeks prior to testing.

Morning measurement of plasma ACTH concentrations simultaneously
with plasma cortisol would distinguish ACTH-dependent from ACTH-
independent Cushing’s syndrome. Plasma ACTH concentrations are normal
or elevated in Cushing’s disease and the ectopic ACTH and CRH syndrome.
There is significant differential diagnosis value in the degree elevation of
circulating ACTH concentrations, because patients with the ectopic ACTH
syndrome frequently have greater plasma ACTH levels than those with
Cushing’s disease. Interestingly, in many of these patients ACTH immunore-
activity consists primarily of larger precursor molecules [19]. Thus, specific
measurement of ACTH precursors, if available, may provide a better marker
of the ectopic ACTH syndrome. Circulating ACTH is typically suppressed/
undetectable in adrenal cortisol-secreting tumors, micronodular adrenal dis-
ease, and autonomously functioning massive macronodular adrenals. If ec-
topic CRH secretion is suspected to be the cause of Cushing’s syndrome,
detection of elevated CRH concentrations in the circulation (>50pg/ml) is
helpful.

CRH stimulation test. Most patients with Cushing’s disease respond to ocCRH
with increases in plasma ACTH and cortisol, while patients with ectopic
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ACTH production do not [20]. Recently, new criteria were developed for the
interpretation of the morning oCRH test that maximize simplicity and cost
effectiveness without compromising diagnostic accuracy [21]. The best cortisol
criterion suggestive of Cushing’s disease is a mean increase at 30 and 45
minutes of >20% above mean basal values at —5 and 0 minutes (91% sensitiv-
ity and 88% specificity). Similarly, an increase in mean ACTH concentrations
at 15 and 30 minutes after ocCRH of at least 35% above the mean basal values
achieves a sensitivity of 91% and a specificity of nearly 100%. Indeed, while all
patients with ectopic ACTH secretion appear to have a <35% increase in
ACTH, the probability of Cushing’s disease remains high at all levels of
responses, suggesting that, in the absence of a discrete lesion on pituitary
imaging, it is prudent to perform a second test (e.g., the high-dose
dexamethasone suppression test or bilateral inferior petrosal sinus sampling)
to confirm the diagnosis. The oCRH test is rapidly superceding the classic tests
of dexamethasone suppression and metyrapone stimulation because it is
simple, brief, reliable, and economical.

Standard low-dose high-dose dexamethasone suppression test. This test was
developed by Grant Liddle [22] and has been used extensively for differenti-
ating Cushing’s disease from the ectopic ACTH syndrome. In patients with
Cushing’s disease, the abnormal corticotrophs are sensitive to glucocorticoid
inhibition only at a high dose of dexamethasone (2.0mg every 6 hours for 2
days). In contrast, patients with the ectopic ACTH syndrome or cortisol-
secreting adrenal tumors usually fail to respond to a dose of 8 mg per day. The
classic Liddle criterion for a positive response consistent with Cushing’s dis-
ease is a >50% drop in 17-hydroxysteroid excretion on day 2 of high-dose
dexamethasone treatment (80% diagnostic accuracy). The diagnostic accuracy
of the test, however, increases to 86% by measuring both UFC and 17-
hydroxysteroid excretion and by requiring greater suppression of both steroids
(>64% and >90%, respectively, for 100% specificity) [23].

Overnight 8-mg dexamethasone suppression test. A simple, reliable, and in-
expensive alternative to the Liddle dexamethasone suppression test is the
overnight 8-mg dexamethasone suppression test. The advantages are its out-
patient administration and the avoidance of errors due to incomplete urine
collection. The diagnostic accuracy of this overnight test may be similar to that
of the standard Liddle dexamethasone suppression test [24,25].

Metyrapone testing. This is a relatively simple test but is not as reliable as the
dexamethasone suppression test due to its high variability. It is rapidly becom-
ing obsolete but remains an option in cases where all the other tests mentioned
here have failed to provide an unequivocal diagnosis.

Imaging evaluation. Bilateral enlargement of the adrenal gland with preserva-
tion of a relatively normal overall glandular configuration is observed in both
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Cushing’s disease and ectopic ACTH production. Approximately 10~15% of
patients with ACTH-dependent Cushing’s syndrome demonstrate bilateral
nodules (macronodular hyperplasia) [26].

Computed tomography (CT) and magnetic resonance imaging (MRI) scans
have largely superceded the need for iodocholesterol scan in the evaluation of
patients with Cushing’s syndrome. The iodocholesterol scan can occasionally
be useful in distiguishing between ACTH-dependent (bilateral uptake) and
ACTH-independent (unilateral uptake) macronodular adrenals or in localiz-
ing ectopic adrenal tissue (adrenal rest) or an adrenal remnant causing recur-
rent hypercortisolism after bilateral adrenalectomy [27].

Pituitary. The large majority of pituitary ACTH-secreting tumors are
microadenomas with a diameter of <10mm. MRI scanning is the imaging
procedure of choice to visualize pituitary adenomas. Pituitary adenomas are
usually best demonstrated on coronal T1-weighted images as foci of reduced
signal intensity within the pituitary gland. On unenhanced scans, however,
ACTH-producing adenomas are detected in only 40% of patients with
Cushing’s disease [28]. An additional 15-20% of microadenomas are visual-
ized with injection of contrast material (gadolinium-DTPA) and a repeat
T1-weighted coronal scan immediately after the injection (combined MRI
sensitivity 55-60%). Unlike the normal pituitary gland and its stalk, pituitary
microadenomas do not enhance after the contrast injection and appear as foci
of reduced signal intensity.

CT scanning with infusion of contrast demonstrates microadenomas in
<20% of patients with bona fide lesions on subsequent surgery. Thus, pituitary
CT should be performed only to demonstrate bony anatomy prior to trans-
sphenoidal surgery.

Ectopic tumors. The association of Cushing’s syndrome with carcinoma was
recognized first in 1928. Since then there have been many reports of neoplasms
able to produce a biologically active ACTH that can induce Cushing’s
syndrome (Table 3). About 60% of these tumors are located in the chest
and are lung tumors, especially small-cell carcinomas (8%), and bronchial
carcinoids. In the abdomen, carcinomas of the endocrine pancreas and
pheochromocytomas are also reported. Medullary carcinoma of the thyroid is
responsible in 5% of cases. Adenocarcinoma of the stomach, exocrine carci-
noma of the pancreas, anorectal carcinoma, prostatic cancer, uterine small-cell
carcinoma, and clear-cell sarcoma of the kidney have all been associated
with this condition. A few cases of CRH-producing tumors have also been
reported [5,6].

Clinically this condition can be associated with rapid-onset hypertension,
hypokalemia, glucose intolerance, and hyperpigmentation. In cases of small-
cell tumor of the lung, extremely rapid clinical progression associated with
anorexia, weight loss, and hypokalemic alkalosis are suggestive of the diagno-
sis of ectopic ACTH syndrome. In most cases, plasma ACTH is usually more
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Table 3. Tumors causing the ectopic ACTH syndrome

Location Frequency (%)
Thorax
Oat-cell carcinoma 50
Thymic carcinoid 10
Bronchial carcinoid S
Abdomen and pelvis
Pancreatic islet-cell tumor 10
Pheochromocytoma 5
Ovarian tumors 2
Prostatic carcinoma <2
Cervical carcinoma <2
Gastric carcinoid <2
Gallbladder carcinoma <2
Head and neck
Medullary carcinoma of the thyroid 5
Parathyroid carcinoma <2
Parotic carcinoma <2
Uncertain primary site 5

elevated than in Cushing’s disease, there is no response to oCRH, and there is
nonsuppressibility to high doses of dexamethasone. ACTH chromatography
and assays of the POMC molecule have some utility, when available. If
suppression and/or stimulation tests are suggestive of ectopic ACTH produc-
tion in a patient with Cushing’s syndrome, imaging studies of the chest and
abdomen should be undertaken. ACTH-producing thymic carcinoids and
pheochromocytomas are generally apparent by CT at the initial presentation
of the patient [29,30]. Patients with a negative CT should undergo MRI of the
chest and abdomen using T2-weighted and STIR sequences in which carcinoid
tumors and pheochromocytomas demonstrate high signal intensity [31]. There
are still a significant number of small ectopic tumors, most frequently bron-
chial carcinoids, that elude CT and MRI detection [32]. In these cases, follow-
ups with MRI of the chest at 3-6 month intervals are indicated. In some cases,
a body scan following injection of the radiolabeled somatostatin analogue,
octreotide, might be helpful in detecting occult carcinoids.

Catheterization studies. Distinguishing Cushing’s disease from the ectopic
ACTH syndrome frequently presents a major diagnostic challenge. Both pitu-
itary microadenomas and ectopic ACTH-secreting tumors may be radiologi-
cally occult and may have similar clinical and laboratory features. Bilateral
inferior petrosal venous sinus and peripheral vein catheterization with simul-
taneous collection of samples for measurement of ACTH is one of the most
specific tests available to localize the source of ACTH production [33].
Venous blood from the anterior pituitary drains into the cavernous sinus
and subsequently into the superior and inferior petrosal sinuses (Fig. 1, upper
panel). Catheters are led into each inferior petrosal sinus via the ipsilateral
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femoral vein. Samples for measurement of plasma ACTH are collected from
each inferior petrosal sinus and a peripheral vein both before and after infec-
tion of 1pg/kg body weight of oCRH. Patients with the ectopic ACTH syn-
drome have no ACTH concentration gradient between either inferior petrosal
sinus and the peripheral sample (see Fig. 1, lower panel) [33]. A ratio =2.0 in
basal ACTH samples between either or both of the inferior petrosal sinuses
and a peripheral vein is highly suggestive of Cushing’s disease (95% sensitiv-
ity, 100% specificity). Stimulation with CRH during the procedure, with the
resulting secretion of ACTH, increases the sensitivity of BIPSS for detecting
corticotroph adenomas to almost 100%, when the peak ACTH central to
peripheral ratio is =3.0 (see Fig. 1, lower panel). Petrosal sinus sampling must
be performed bilaterally and simultaneously, because the sensitivity of the test
decreases to <70% with unilateral catheterization.

BIPSS is technically difficult and, like all invasive procedures, can never be
risk free, even in the most experienced hands [34]. It should be reserved only
for (a) patients with classic Cushing’s syndrome, strong suspicion of a pituitary
origin, and negative or equivocal MRI of the pituitary, and (b) patients with
positive pituitary MRI but equivocal suppression and stimulation tests. In the
former group, BIPSS unequivocally distinguishes ACTH-secreting pituitary
adenomas from pituitary-simulating lung and thymic carcinoid tumors and
provides lateralization data of potential value to the surgeon. In the latter
group, BIPSS excludes the possibility of a pituitary incidentaloma, which can
be visualized on MRI in as many as 10% of young women.

Cushing’s syndrome with unusual laboratory results

Periodic Cushing’s syndrome. Occasionally, cortisol production in Cushing’s
syndrome may not be constantly increased but may fluctuate in a ‘periodic’
infradian pattern, ranging in length from days to months. This relatively rare
phenomenon of periodic, cyclic, or episodic hormonogenesis has been de-
scribed in patients with Cushing’s disease [35], the ectopic ACTH syndrome
(bronchial carcinoids were involved in half of the reported cases), and cortisol-
secreting adrenal tumors or micronodular adrenal disease [36].

Biochemically, patients with periodic hormonogenesis may have consis-
tently normal 24-hour UFC and paradoxically ‘normal’ responses to
dexamethasone in the presence of clinical stigmata of Cushing’s syndrome. In
such patients, several weekly 24-hour UFC determinations for a period of 3—
6 months may be necessary to establish the diagnosis.

Occult ectopic ACTH syndrome. The occult ectopic ACTH syndrome
has gained increasing recognition. This syndrome can mimic the clinical and
biochemical picture of Cushing’s disease. Despite extensive localization
studies, the tumor frequently eludes detection. The use of the BIPSS test in
patients with the occult ectopic ACTH syndrome is the best possible mean to
ascertain the diagnosis. The absence of a central to peripheral ACTH gradient
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before and after administration of oCRH rules out Cushing’s disease [33].
In the search for the tumor, special emphasis should be placed on the lungs,
thymus, pancreas, adrenal medulla, and thyroid because most described
ectopic ACTH-secreting tumors have been found in these organs (see Table
2). Thymic vein sampling for measurement of ACTH concentrations can
be of help in localizing the tumor to the thorax, but not necessarily the
thymus [37]. The presence of a concentration gradient in the thymic vein
versus the systemic venous circulation is compatible with a thymic or lung
carcinoid.

Cushing’s syndrome in pregnancy. In normal pregnancy, a small progressive
rise in plasma ACTH and a two- to threefold increase in plasma total and free
cortisol occur. Twenty-four hour UFC excretion is also elevated above non-
pregnant levels, especially between the 34th and 40th weeks of gestation (90—
350ug/day). In the latter part of pregnancy, IR-CRH of placental origin is
detected in plasma, with levels reaching up to 10,000pg/ml [38]. Because
plasma cortisol is poorly suppressed in response to dexamethasone in normal
pregnancy, the diagnosis of mild or early Cushing’s syndrome may be difficult
to ascertain [39]. Transient pregnancy-related and limited Cushing’s syndrome
cases have been described. Their etiology is unknown; however, deficiency of
CRH-binding protein might explain the pregnancy-limited expression.

Treatment
Cushing’s disease

The treatment of choice for Cushing’s disease is selective trans-sphenoidal
microadenomectomy, a procedure with a cure rate approaching 95% on the
first exploration, and the added advantage of eventually normal anterior pitu-
itary function [40]. The neurosurgeon always explores the entire pituitary
gland to find the microadenoma responsible for the disease. If such an
adenoma cannot be found during trans-sphenoidal exploration, the surgeon
may perform a hemihypophysectomy on the site of a lateral IPS ACTH
gradient >1.5. This approach has proved successful in 80-85% of cases [41].
Failure of surgery at the first exploration may be followed by a repeat
procedure with a 50-60% chance of cure [42]. Success is defined as a drop
of serum cortisol and/or UFC to an undetectable level in the immediate
postoperative period. A successful outcome can also be predicted by a lack
of cortisol response to oCRH when the test is performed 7-10 days
after surgery [43]. Hemihypophysectomy on the side of lateralization of the
ACTH gradient in the inferior petrosal sinuses is successful in 80-85%
of patients in whom the surgeon fails to identify the tomor during trans-
sphenoidal exploration [44].

The next line of therapy is pituitary irradiation with 4500-5000 rad deliv-
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ered over a period of 6 weeks. In association with mitotane (o p’'DDD), a
remission rate of about 80% can be expected in the first year [45]. This can
increase further in the second year, but the sustained remission rate after
discontinuing mitotane therapy drops significantly to about 50-70% of pa-
tients. Mitotane can be discontinued after 1 year if UFC has normalized. It can
be reinitiated if hypercortisolemia recurs. By 3 years 80-90% of patients will
have achieved biochemical remission of Cushing’s syndrome and will no
longer need mitotane because the effects of irradiation become established. If
mitotane therapy is not tolerated by or fails to cure the patient, the final line
of treatment is bilateral adrenalectomy [45]. This procedure is uniformly effec-
tive at the expense, however, of a significant surgical mortality rate of approxi-
mately 2%, a commitment for hormone replacement for life, and a significant
risk (10-15%) for subsequent development of Nelson’s syndrome [46)].

Ectopic ACTH

Once the source of ectopic ACTH is identified, the appropriate therapeutic
intervention is surgical resection. With regard to the bronchial carcinoids,
which are by far the most common tumors producing the ectopic
ACTH syndrome, lung lobectomy may be sufficient to cure the patient.
Carcinoids, however, should not be considered benign. They may be ex-
tremely slow growing but have the potential for both local invasion and distant
metastases [47,48]. If surgical cure is impossible, blockade of steroidogenesis is
indicated and combination chemotherapy and/or radiation therapy may be
administered.

Adrenal blockade is also indicated for the treatment of ACTH-secreting
occult tumors, at least until they surface or are treated surgically.
Ketoconazole is the most useful agent. It blocks adrenal steroidogenesis at
several levels, the most important being the 20-22 desmolase step, which
catalyzes the conversion of cholesterol to pregnenolone, thus avoiding the
accumulation of steroid biosynthesis intermediates that can cause or worsen
hypertension and/or hirsutism. Reversible side effects, including elevations
of hepatic transaminases and gastrointestinal irritation, may occur and may
be dose limiting. In this case, metyrapone can be added to achieve
normocortisolemia. Other blocking agents that may be used alone or in com-
bination with ketoconazole and/or metyrapone include aminoglutethimide
and trilostane [49]. Repeat searches for the tumor should be untertaken every
6-12 months. Bilateral adrenalectomy should be considered in developing
children in whom ketoconazole and other medications may interfere with
growth and pubertal progression.

Glucocorticoid replacement

Glucocorticoid replacement should be started after a successful pituitary
adenomectomy or complete resection of an ACTH-secreting ectopic or a
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unilateral cortisol-producing adrenal tumor. This is because in those patients
the HPA axis is suppressed by chronic exposure to excess glucocorticoids and
fails to function for several months after the removal of glucocorticoid inhibi-
tion [50]. Hydrocortisone should be replaced at a rate of 12-15mg/m*/day by
mouth with appropriate increases in minor stress (twofold) and major stress
(10-fold) for appropriate lengths of time, usually 48 hours. Recovery of the
suppressed HPA axis can be monitored with a short ACTH test every 3
months [43]. When the 30-minute plasma cortisol exceeds 18 ug/dl, hydrocor-
tisone can be discontinued. After a bilateral adrenalectomy, corticosteroid
replacement will be necessary for life and includes both glucocorticoids and
mineralocorticoids.

Summary

Excess endogenous glucocorticoid production, whether ACTH dependent or
ACTH independent, results in the classic clinical and biochemical picture of
Cushing’s syndrome. The diagnosis requires the demonstration of an in-
creased cortisol secretion rate, best achieved by using the 24-hour UFC cor-
rected for body surface area as an index. In mild cases, distinction from the
hypercortisolism of pseudo-Cushing states may be difficult. A dexamethasone/
oCRH test or close monitoring of the patient for a few months may be helpful.
A discrete pituitary lesion on imaging and a standard oCRH test with results
consistent with such a lesion are sufficient to proceed to trans-sphenoidal
surgery. If no visible pituitary adenoma is present or if the oCRH test is
equivocal, bilateral simultaneous inferior petrosal sinus sampling with oCRH
administration is necessary to distinguish between a pituitary and an ectopic
source. Surgical ablation is the treatment of choice for all types of Cushing’s
syndrome. In the 5% of cases with Cushing’s disease in whom trans-
sphenoidal surgery fails and in the 5% of cases in whom the disease recurs,
repeat trans-sphenoidal surgery or radiation therapy in association with
mitotane treatment may be pursued. Bilateral adrenalectomy effectively cures
hypercortisolism if resection of the ACTH-secreting tumor is unsuccessful and
radiation/medical therapy fails.
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3. Prolactinomas

Laurence Katznelson and Anne Klibanski

Prolactin is a peptide hormone secreted by the anterior pituitary gland. A
specific cell type, the lactotroph, is responsible for prolactin biosynthesis and
secretion. The only established role of prolactin is to initiate and maintain
lactation. Prolactin levels rise progressively with pregnancy and peak at term
(100-300pg/) [1]. Lactation begins when estradiol levels fall at parturition.
The nursing stimulus effectively promotes acute prolactin release via afferent
spinal neural pathways and, within 20-30 minutes of nursing, prolactin levels
increase 60-fold [2]. With established nursing, nipple stimulation itself elicits
progressively less prolactin release, and in the weeks following initiation of
lactation both basal and nursing-stimulated prolactin pulses decrease [2].
Within 4-6 months postpartum, basal prolactin levels are normal without a
nursing-induced rise, despite continued lactation.

Pathologic hyperprolactinemia is defined as a persistently elevated serum
prolactin value in a nongravid state and is a frequent cause of anovulation and
infertility in women. The syndrome of amenorrhea-galactorrhea is the classic
sequelae of hyperprolactinemia; however, there is a spectrum of clinical mani-
festations described in both women and men.

Causes of hyperprolactinemia

The clinical approach to a patient with hyperprolactinemia requires an under-
standing of normal prolactin physiology. Fluctuations in prolactin levels may
occur in several physiologic states, and serum concentrations may reach the
upper limit of normal or may become slightly elevated in these situations. It is
therefore important to review key physiologic aspects of prolactin regulation.
Prolactin is secreted in a pulsatile fashion with 4-14 pulses per day (60% occur
during sleep) [3]. The amplitude of pulses is highly variable between individu-
als, with peak levels occurring during the late hours of sleep. Prolactin
pulsatility is not associated with any specific stage of sleep. A number of
studies have suggested that prolactin varies during the menstrual cycle, al-
though the precise nature of this relationship remains unclear. In such studies,
prolactin levels were found to be significantly higher during the ovulatory and
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luteal phases, particularly at midcycle, and this is possibly attributable to
increased circulating estradiol levels [4]. Abrupt rises in serum prolactin occur
within an hour of eating in normal individuals but not in individuals with
prolactinomas. The protein component of meals appears to be the main stimu-
lus to prolactin secretion [5].

Prolactin rises during stress, including physical exertion, surgery, sexual
intercourse, insulin hypoglycemia, and seizures. The significance of these al-
terations during stress is not known. Nipple stimulation, chest-wall trauma or
surgery, and herpes zoster infection of the breast may result in increased
prolactin levels [6]. Mean levels of prolactin are slightly higher in premeno-
pausal women than men, probably due to a direct effect of estrogen on pitu-
itary prolactin secretion. Some studies suggest that there is a progressive
decline in prolactin levels in women with age, particularly after menopause [7].
This is likely due to postmenopausal estrogen deficiency. Therefore, the ap-
proach to a mildly elevated prolactin level should include a careful review of
the clinical situation in which the sample was drawn, such as the proximity to
a meal, time of day, and phase of the menstrual cycle.

There are multiple pathologic causes of hyperprolactinemia. Like other
pituitary hormones, prolactin secretion is controlled by dual inhibitory and
stimulatory factors (Fig. 1). However, in contrast to other pituitary hormones,
prolactin secretion is predominantly under tonic inhibitory control. Dopam-
ine, the main physiologic inhibitor of prolactin secretion, is transported from
the hypothalamus to the pituitary gland via the hypophyseal stalk circulation
to directly inhibit the lactotroph cells from synthesizing and secreting prolactin
[8]. Therefore, damage to the hypothalamus or the hypophyseal stalk, for
example, tumor compression (both pituitary and nonpituitary lesions), infiltra-
tive disorders, trauma, surgery, or radiation scarring, can impede normal
dopaminergic inhibitory control, resulting in hyperprolactinemia.

Pharmacologic causes of hyperprolactinemia are often mediated through
alterations of dopamine secretion or effect. Antihypertensive drugs, such as
reserpine and alpha-methyldopa, cause moderate hyperprolactinemia by
dopamine depletion in the tuberoinfundibular neurons. Psychotropic agents
are a frequent cause of hyperprolactinemia [9]. Phenothiazines and
haloperidol may cause prolactin release via blockade of dopamine receptors.
Tricyclic antidepressants may cause modest hyperprolactinemia in up to one
fourth of patients. Psychotropic agents that affect the serotonergic axis, such as
fluoxetine (Prozac), may also cause hyperprolactinemia. Calcium-channel
blockers such as verapamil may increase prolactin levels, although the under-
lying mechanism is largely unknown. Prolactin elevations have been seen in
subjects undergoing therapy with angiotensin-converting enzyme inhibitors
such as enalopril. Chronic opiate use, cocaine abuse, and therapy with H,
antagonists such as cimetidine have been associated with hyperprolactinemia,
possibly through stimulatory mechanisms. Typically, hyperprolactinemia asso-
ciated with medication use causes an increase in serum prolactin to levels of
<100pg/l.
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Figure 1. Regulation of prolactin secretion. Prolactin release is under tonic inhibition by dopam-
ine, the most important prolactin inhibiting factor. Prolactin release is stimulated by a number of
factors, including thyroid-releasing hormone (TRH) and estrogen.

Stimulatory factors also regulate prolactin secretion. These substances may
act directly on the pituitary or may act indirectly by means of dopaminergic
blockade or depletion at the level of the hypothalamus. Estrogens are highly
important physiologic stimulators of prolactin release and are responsible for
the elevation in prolactin levels with gestation [10]. Chronic exposure to
estrogens results in an increase in lactotroph number and size (i.e., ‘pregnancy
cells’), and the pituitary volume normally increases during pregnancy due to
lactotroph hyperplasia [11]. In nongravid individuals, estrogen therapy may
lead to increases in prolactin levels, such as that seen in pregnancy. However,
estrogen concentrations in typical oral contraceptive agents (i.e., 35 ug ethinyl
estradiol) are not associated with hyperprolactinemia, and there is no evidence
that postmenopausal estrogen replacement causes elevations in serum prolac-
tin. Thyrotropin-releasing hormone (TRH) also stimulates prolactin secretion
[12]. Although the physiologic role of TRH in prolactin secretion is unclear,
prolactin levels may be elevated in primary hypothyroidism, presumably due
to TRH stimulation and/or hypothyroid-induced changes in dopaminergic
tone. Gonadotropin-releasing hormone (GnRH) may have stimulatory prop-
erties, and administration of GnRH induces the acute release of prolactin in
normally cycling women and hypogonadal patients [13]. However, the role of
GnRH in the normal physiologic control of prolactin secretion is unknown.
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Other causes of hyperprolactinemia include chronic renal disease,
probably because of altered metabolism or clearance of prolactin or de-
creases in dopaminergic tone [14]. Hemodialysis usually does not reverse
the hyperprolactinemia. Liver disease has also been associated with
hyperprolactinemia.

Prolactin-secreting pituitary adenomas are a frequent cause of pathologic
hyperprolactinemia. Prolactinomas are the most common type of pituitary
tumor and may account for as many as 40-50% of all pituitary tumors [15].
Hyperprolactinemia may be detected in as many as 40% of patients with
acromegaly and has been reported in patients with Cushing’s disease. The
presence of acromegaly and Cushing’s disease should be evaluated in
hyperprolactinemic patients with suggestive clinical manifestations. This is
particularly true in young women with acromegaly who have not had the
disease for a sufficient duration to have acral changes and whose first manifes-
tation of acromegaly may be hyperprolactinemia-associated reproductive
disease.

Clinical presentation

The clinical signs and symptoms of hyperprolactinemia are due to both the
biochemical effects of hyperprolactinemia and the local complications of tu-
mors responsible for the elevated prolactin level (Table 1).

Manifestations of hyperprolactinemia
Hyperprolactinemia is a common cause of amenorrhea, and approximately
20% of women with secondary amenorrhea have elevated prolactin levels

[16]. Women with hyperprolactinemia may have more subtle abnormalities
in gonadal function, including oligomenorrhea or luteal-phase insufficiency. A

Table 1. Symptoms associated with hyperprolactinemia

Hypogonadism
Amenorrhea
Oligomenorrhea
Infertility
Impotence
Decreased libido

Galactorrhea

Hirsutism, acne

Headaches

Mass effect (if macroprolactinoma)
Visual loss
Cranial neuropathies
Hypopituitarism
Temporal lobe seizures
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subset of infertile women has been described with mild hyperprolactinemia in
whom fertility was restored with bromocriptine therapy. In addition, subjects
with primary amenorrhea and delayed puberty have been found to have
hyperprolactinemia as the etiology of their clinical symptoms [17].

Galactorrhea is present in up to 25% of parous women with regular menses
and normal serum prolactin levels. However, subjects with ‘idiopathic’
galactorrhea, defined as the presence of normal prolactin levels, may demon-
strate intermittent hyperprolactinemia. In a recent study, 8 of 9 nor-
moprolactinemic women with galactorrhea had elevated levels of prolactin
during sleep [18]. In addition, several studies have shown that infertile,
normoprolactinemic women with luteal-phase defects may show improved
luteal function and/or fertility following the administration of dopamine ago-
nist therapy [18]. Therefore, unrecognized hyperprolactinemia may occur in a
subset of subjects with presumed normoprolactinemic galactorrhea and luteal-
phase defects. A single prolactin value determined during the day may not rule
out the presence of a pathologic hyperprolactinemic state and multiple deter-
minations, particularly in the periovulatory phase of the menstrual cycle, may
be necessary to make this diagnosis.

Hypogonadism is frequently found in patients with hyperprolactinemia. In
women, hypogonadism and its associated estrogen deficiency includes abnor-
mal menstrual function, dry vaginal mucosa and dyspareunia, and diminished
libido. Men may present with decreased libido, impotence, infertility due to
oligospermia, and gynecomastia due to the associated testosterone deficiency.
Galactorrhea is rare in hyperprolactinemic men, and this is likely due to the
lack of estrogen priming of the breast. There are multiple potential mecha-
nisms underlying the induction of hypogonadism by hyperprolactinemia,
which may take place at several levels. Hypogonadism is frequently associated
with decreased or inappropriately normal luteinizing hormone (LH) and
follicle-stimulating hormone (FSH) levels relative to the state of estrogen
deficiency, consistent with central hypogonadism. Prolactin, probably via al-
terations in dopamine inhibitory tone, decreases hypothalamic GnRH
secretion with a resultant suppressive effect on spontaneous LH release [19].
The restoration of ovulatory menstrual periods in hyperprolactinemic women
with pulsatile exogenous GnRH administration further suggests that suppres-
sion of endogenous GnRH is the key mechanism underlying hypogonadism in
women [20]. In addition, prolactin may modulate androgen secretion at the
level of both the adrenal gland and ovary, resulting in increased secretion of
dehydroepiandrosterone sulfate and testosterone [21]. Therefore, altered ra-
tios of estrogens and androgens may further result in abnormal gonadal func-
tion, with evidence of clinical hyperandrogenism (e.g., hirsutism).

If the underlying etiology of the hyperprolactinemia is a pituitary
macroadenoma Or a large nonpituitary mass, the lesion could cause compres-
sion of the normal, adjacent pituitary gland, with a resultant decrease in
gonadotroph function. Mass effects from the tumor could also lead to visual
compromise from compression of the optic chiasm, cranial nerve palsies via
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extension laterally into the cavernous sinus, headaches, and, potentially, sei-
zures. Patients with hyperprolactinemia often describe headaches, which
appear to be out of proportion to the size of the underlying tumor.
Hyperprolactinemic patients without demonstrable tumors on scan may also
suffer from headaches, which may diminish or subside completely following
institution of therapy.

Hyperprolactinemia is also associated with both trabecular and cortical
osteopenia. Hyperprolactinemic women may have trabecular osteopenia, with

Figure 2. Initial and final trabecular bone mineral density in women with hyperprolactinemia.
Group 1 refers to women amenorrheic throughout the study (N = 12), Group 2 refers to women
with resumption of menses with treatment after study entry (N = 9), and Group 3 refers to women
with hyperprolactinemia and normal menses (N = 8). The shaded area represents the mean £1.0
SD of bone density in 41 normal women. *p = 0.04 compared with initial mean bone density.
(Reprinted with permission from Biller et al. [24].)
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spinal bone density ranging from 10% to 25% below normal [22,23]. The
etiology of this decrease in bone density appears to be due to the
hypogonadism resulting from the hyperprolactinemic state, and not to the
prolactin per se [22]. Figure 2 shows the progressive nature of spinal bone
mineral density loss associated with hyperprolactinemia [24]. Group 1 refers
to women with amenorrhea throughout the study, group 2 refers to women
with normalization of menses after study entry, and group 3 refers to women
with normal menses before and during the study. The amenorrheic
women with hyperprolactinemic had decreased mean spinal bone density
values, and over a mean 1.8 years spinal bone mineral density progressively
decreased in this hyperprolactinemic group. Resumption of menses following
therapy was associated with an increase in bone mineral density. This study
and others have shown that the bone density in such patients may increase
concomitant with normalization of prolactin levels with therapy; however, the
bone density typically still remains lower than that of normal control subjects.
Of importance, hyperprolactinemia in eumenorrheic women is not associated
with bone loss and is therefore not an indication for therapy in this patient
group.

Approach to an elevated prolactin value

The approach to an elevated prolactin value should include careful consider-
ation of the presence of physiologic causes of hyperprolactinemia. The prolac-
tin level should be repeated in a nonstimulated state, and if possible we
recommend measuring a morning prolactin level after an overnight fast in a
nonstressed state. For example, prolactin may be secreted to a modest degree
following a breast exam, so a mild increase in prolactin levels after such an
exam warrants a repeat prolactin determination. A mildly elevated prolactin
level determined after a meal should clearly be repeated.

Substantial elevations in prolactin, >150ug/l, in a nongravid state are
usually indicative of a prolactin-secreting pituitary tumor. In an actively
secreting lactotroph tumor, there is an excellent correlation between
radiographic estimates of tumor size and prolactin levels, and, therefore, very
high levels of prolactin are associated with larger tumors. Prolactinomas are
classified as microadenomas (<10mm) and macroadenomas (>10mm).
Therefore, the presence of a substantial elevation in serum prolactin in asso-
ciation with a pituitary lesion >10mm by radiographic imaging supports the
diagnosis of a macroprolactinoma. A significant discrepancy between tumor
volume and the degree of hyperprolactinemia should raise the suspicion of a
‘clinically nonfunctioning pituitary tumor’ or a sella lesion of nonpituitary
origin.

The majority of women with prolactinomas have microadenomas. This is in
contrast to men, in whom the majority of tumors are macroadenomas. This
may be due to the fact that women may present earlier for evaluation then
men because of complaints of menstrual disturbances.
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Modest levels of prolactin elevation (e.g., 25-100pg/l) may be associated
with a number of diagnoses. All etiologies of hyperprolactinemia should be
excluded before a tumor is considered. Pregnancy, primary hypothyroidism,
liver disease, and chronic renal disease should be excluded. A careful history
of medication use should be obtained.

One diagnostic problem is the evaluation of patients with psychiatric dis-
ease who are receiving phenothiazines and are found to have an elevated
prolactin level. Women with these medications often describe menstrual ab-
normalities and modest hyperprolactinemia is often the culprit. We recom-
mend a magnetic resonance imaging (MRI) scan for patients whose prolactin
levels are >100pug/l and assume that levels under this value are consistent with
neuroleptic administration. This strategy is based on the finding that the
majority of patients receiving neuroleptics with modest prolactin elevations
have no evidence of a pituitary abnormality on scan. However, if patients with
prolactin levels <100 g/l have any complaints suggestive of local mass effects
or other pituitary hypersecretory or hyposecretory syndromes, then imaging
studies should be performed.

When an elevated serum prolactin level is not associated with a clear
secondary cause, a pituitary radiographic scan should be performed to rule out
the presence of either a prolactin-secreting pituitary tumor or other lesions. In
addition, as described later, it is important to distinguish microprolactinomas
from macroprolactinomas. If the scan shows normal sellar and extrasellar
contents and there is no clear secondary cause of the hyperprolactinemia, then
the diagnosis of idiopathic hyperprolactinemia is made. These cases may rep-
resent occult microprolactinomas with an anatomic lesion beyond the sensitiv-
ity of the scanning technique.

Management

Treatment is dependent on the etiology of hyperprolactinemia, its associated
clinical symptoms, and anatomic considerations. If the above-mentioned
evaluation suggests the presence of a prolactinoma, then the goals of therapy
are to suppress excessive prolactin secretion, and to reduce or stabilize tumor
size and restore normal physiologic anterior pituitary function. There are four
available treatment options: no therapy with close observation, medical
therapy with a dopamine agonist, and, rarely, surgery or radiation. Determina-
tion of the appropriate treatment option for a patient is individual and takes
into account the presence of mass effect, biochemical consequences of the
hyperprolactinemia, and personal preferences.

Therapeutic considerations

Tumor size. A very important therapeutic consideration is the size of the
prolactinoma. Patients are stratified into those who have microprolactinomas
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(<10mm) and those with macroprolactinomas (>10mm). Microprola-
ctinomas are typically intrasellar and are not associated with evidence of
local mass effects. In addition, studies investigating the natural history of
such tumors have shown that in the majority of cases, prolactin elevations
usually remain stable and, in some cases, spontaneously normalize. The
degree of prolactin elevation is a prognostic factor for spontaneous resolution.
In one study with 41 patients with idiopathic hyperprolactinemia followed
for 5.5 years, 67% of patients whose initial prolactin values were <57 ug/l
had normalization of prolaction [25]. In contrast, none of the patients
with initial prolactin values >60pg/l normalized. In another study of 38
patients with untreated microprolactinomas followed for an average of
50.5 months, 36.6% had an increase, 55.3% had a spontaneous decrease,
and 13.1% had no change in prolactin levels [26]. A prospective study in
untreated hyperprolactinemic women showed that patients with normal
initial menstrual function were more likely to have normalization of prolactin
values, whereas patients with oligomenorrhea or amenorrhea were more
likely to have no change or increases in prolactin values [27]. Therefore,
basal menstrual function is an important variable in predicting the
progression of the prolactin level, and prolactin levels may spontaneously
normalize.

Another important feature of the natural history of microprolactinomas
is that the majority of such tumors do not increase in size. In one study
of 43 patients with presumed microadenomas with a mean follow-up of
5.4 years, only 2 patients showed evidence of tumor progression [28]. In a
prospective study by Schlechte et al. [27], 27 women were followed for an
average of 5.2 years. Of 14 women with normal radiographic studies at
baseline, 4 developed evidence of an adenoma, although none of these
subjects developed a macroadenoma. Of the 13 women with evidence of a
tumor at baseline, only 2 showed worsening of radiographic findings. This
study suggests that although radiologic evidence of tumor growth may occur in
up to 22% of cases, it is rarely accompanied by clinical symptoms. However,
patients with microprolactinomas who demonstrate an increase in tumor size
during follow-up without therapy should be seriously considered for medical
therapy.

All patients with macroprolactinomas should undergo therapy. In contrast,
because microprolactinomas tend to enlarge rarely and slowly, the presence of
a microprolactinoma alone without other indications does not in itself neces-
sitate therapy. From the standpoint of size alone, it is reasonable to withhold
therapy on microprolactinomas and follow closely with serial examinations
and radiographic imaging.

Biochemical consequences of hyperprolactinemia. The presence of hy-
pogonadism is a second important therapeutic consideration. Hyper-
prolactinemia-induced hypogonadism may lead to several important clinical
symptoms and findings. It is often associated with fatigue, diminished libido,
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and dyspareunia. Men with hyperprolactinemia often describe decreased li-
bido and erectile dysfunction. Hypogonadal symptoms are reversible with
therapy in the majority of cases.

Amenorrhea and oligomenorrhea are associated with an increased risk of
osteoporosis [22,23]. As many of these women are young when diagnosed,
hypogonadism may lead to long-term osteoporosis with a significantly in-
creased risk of fracture. Cortical and trabecular bone density may increase
following therapy of the hyperprolactinemia with resumption of menses.
Therefore, the risk of osteoporosis associated with hyperprolactinemia is sig-
nificant and may be, at least in part, reversible with therapy. Therefore,
hypogonadism in the presence of hyperprolactinemia is a clear indication for
therapy.

Hyperprolactinemia may lead to ovulatory disorders and luteal-phase de-
fects, resulting in infertility [18]. If an elevated prolactin level is found in a
woman desiring fertility, then therapy should be instituted. Prolactin may
modulate androgen secretion in the adrenal gland and ovary, resulting in
increased secretion of androgens, including testosterone and dehy-
droepiandrosterone sulfate [21]. Hyperandrogenism may result in hirsutism,
oily skin, and an acneiform rash. In some hyperprolactinemic individuals,
androgen excess may be particularly bothersome and require therapy.

Galactorrhea. Galactorrhea affects as many as 30% of women with hyper-
prolactinemia. Although galactorrhea in itself is not an absolute indication for
therapy, if the degree of galactorrhea is significantly bothersome to the pa-
tient, then it is reasonable to initiate therapy.

Headaches. Headaches are frequently a result of the expanding tumor mass,
and therefore therapy with a decrease in tumor size will lead to improvement
in the headaches. Many subjects with hyperprolactinemia without a large mass
describe headaches that are out of proportion to the tumor size. Headaches
may lead to the need for therapy in certain individuals.

Management options

Medical therapy. Almost all patients with hyperprolactinemia due to pituitary
disease can be effectively treated medically with a dopamine agonist.
Bromocriptine (Parlodel), the most frequently used dopamine agonist, lowers
serum prolactin in patients with pituitary tumors and all other causes of
hyperprolactinemia. Bromocriptine has been the primary medical therapy for
hyperprolactinemic disorders for approximately two decades. Bromocriptine
normalizes prolactin levels and leads to resumption of ovulatory function and
menses in 80-90% of patients [29]. Therefore, bromocriptine is very effective
in decreasing prolactin levels and in both normalizing reproductive function
and reversing galactorrhea. In some patients, return of menstrual function is
accompanied by prolactin levels that are significantly reduced but not normal.
This suggests that in some patients reduction but not normalization of prolac-
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tin levels may be sufficient for return of gonadal function. Bromocriptine is
also useful in treating galactorrhea in patients with normoprolactinemic
galactorrhea.

The effects of bromocriptine are rapid in onset (1-2 hours), but normaliza-
tion may take weeks. Discontinuation of the drug is typically followed by a
return of hyperprolactinemia to basal values. Acute bromocriptine side ef-
fects, including nausea, headache, dizziness, nasal congestion, and constipa-
tion, may occur and may be dose limiting. Gastrointestinal side effects may be
minimized by starting with a very low dose at night, for example, 1.25mg (',
tablet) with a snack, and increasing by 1.25mg over 4- to 5-day intervals as
tolerated. This is continued until a dose that normalizes prolactin levels is
reached. The rate of dose escalation is dictated by the clinical situation, such as
the presence of mass effects. Side effects, particularly gastrointestinal, usually
improve with either continuing the medication at the same dose or by
temporarily reducing the dose. If patients stop taking the medication for a few
days, therapy should be reinstituted at a lower dose because these side effects
may return. Chronic therapy may result in side effects, including painless cold-
sensitive digital vasospasm, alcohol intolerance, and dyskinesia. Psychiatric
and affective reactions include fatigue, depression, insomnia, and anxiety, and
have been reported as well as the precipitation of acute psychosis.

Bromocriptine will result in significant tumor shrinkage in up to 75% of
patients with macroadenomas. Tumor-size reduction may occur early, in
weeks, or over many months. This is frequently accompanied by improvement
in visual-field abnormalities and pituitary function. Visual-field deficits have
been reported to improve within hours of institution of medical therapy. Of 27
such patients treated with bromocriptine, 64% had a reduction in tumor
volume of at least 50% [30]. The fall in prolactin level does not always corre-
late with reduction in tumor size. Medical therapy represents the initial option
for patients with macroprolactinomas because of the low cure rates with
surgery in such patients.

In contrast to what is seen in women, the majority of men with diagnosed
prolactinomas have macroadenomas. In men with hyperprolactinemia-
induced hypogonadism and normal residual pituitary function, it may take 3—
6 months for testosterone levels to increase and normal sexual function to be
restored after prolactin levels normalize.

In order to reduce the gastrointestinal side effects, bromocriptine has re-
cently been administered intravaginally. Reductions in prolactin similar to
that attained by oral bromocriptine have been achieved with the intravaginal
route [31,32]. However, long-term patient compliance has not been
demonstrated.

Pergolide (Permax) is a dopamine agonist approved by the U.S. Food and
Drug Administration for the treatment of Parkinson’s disease. Although not
approved for use in the management of hyperprolactinemia. pergolide may be
efficacious in reducing prolactin levels in patients with hyperprolactinemia
[33].
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There are other dopamine agonists under investigation, including the long-
acting preparations, bromocriptine mesylate (Parlodel LAR) and cabergoline.
Cabergoline is an ergoline derivative with selective, potent and long-lasting
dopaminergic properties and has been shown to be highly effective in the
management of hyperprolactinemia. Because of the ease of administration of
cabergoline (once or twice a week) and its improved side-effect profile relative
to bromocriptine, patients have a high rate of compliance. Administration
of cabergoline to patients with microprolactinomas results in normalization of
prolactin levels in 95% of cases [34]. In a recent study, the administration of
cabergoline to 15 patients with macroprolactinomas resulted in a decrease in
tumor size in 73%, a decrease in prolactin levels in 94%, and normalization of
prolactin in 73% of subjects [35]. Cabergoline appears to be better tolerated
than bromocriptine and may play an important role in the management of
patients resistant to or intolerant of bromocriptine [36].

Surgery. Although surgery is not a primary mode of management for patients
with prolactinomas, it may be indicated in several settings. These include large
tumors with visual-field deficits unresponsive to bromocriptine, inability to
tolerate bromocriptine due to side effects, and cystic tumors that do not to
respond to medical therapy. The presence of apoplexy is another important
indication for surgery because of the necessity to evacuate the hemorrhage. A
trans-sphenoidal approach is almost exclusively used. When performed by
experienced surgeons, the major morbidity rate is negligible. The mortality
rate is <0.27% and the major morbidity rate is <3% [37].

Surgical efficacy is clearly a function of the experience of the neurosurgeon.
However, even in experienced hands, postoperative cure as defined by a
normal serum prolactin level is found in approximately 71% of patients with
microprolactinomas and 32% of patients with macroprolactinomas [29]. An
important concern is the significant recurrence rate following initial prolactin
value normalization. The recurrence rates for microprolactinomas and macro-
prolactinomas may be as high as 39% and 80%, respectively, up to 5 years
after surgery [38].

Radiation therapy. Conventional radiotherapy (4500-5000 rads) or, rarely,
proton-beam therapy may be indicated in patients with larger tumors in whom
definitive therapy is desired but who are unable to tolerate chronic medical
therapy. Given the long delay between therapy and normalization of prolactin
levels, medical therapy is typically required for years.

Pregnancy and prolactinomas

Many women with hyperprolactinemia present with infertility, and
bromocriptine is typically used to normalize prolactin levels and to allow
normal ovulation to occur. Because of estrogen-stimulated lactotroph
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hyperplasia, there is concern in patients with prolactinomas that the high
estrogen levels may lead to lactotroph stimulation and tumor growth, with
resulting local complications, including visual-field deficits, headaches, and
diabetes insipidus. Molitch [39] reviewed the data on pregnancy outcomes in
hyperprolactinemic patients. Clinically significant tumor enlargement (head-
aches or visual deficits or both) has been described in only up to 5.5%
of patients with microprolactinomas. Therefore, in patients with micro-
prolactinomas it is reasonable to discontinue the bromocriptine after preg-
nancy is established. These patients should be followed carefully during
pregnancy, with serial visual-field monitoring.

In contrast, 15.5-35.7% of patients with macroadenomas are at risk for
clinically significant tumor enlargement during any trimester. We do not rec-
ommend trans-sphenoidal resection of the macroadenomas prior to concep-
tion because surgical resection does not prevent symptomatic enlargement
during pregnancy. If there is no evidence of local mass effects after pregnancy
is established, then bromocriptine may be discontinued. The decision to rein-
stitute therapy depends on the development of clinical symptoms, not the
serum prolactin levels, because prolactin levels increase markedly during nor-
mal pregnancy. If a complication caused by tumor growth does occur, it is
rapidly reversible with the reinstinution of bromocriptine, which is then con-
tinued through term. A large international experience with bromocriptine and
pregnancy suggests that bromocriptine therapy does not result in complica-
tions for the fetus [40].

Breast feeding after delivery appears to be safe in prolactinoma patients not
receiving bromocriptine. In a patient with a prolactinoma, the suckling stimu-
lus does not elicit an increase in the prolactin concentration or significant
tumor growth. However, patients with macroadenomas should continue to be
followed closely, and the decision to institute therapy is dependent on tumor
size and clinical symptoms.
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4. Gonadotroph and other clinically nonfunctioning
pituitary adenomas

Peter J. Snyder

Gonadotroph adenomas are the most common pituitary macroadenomas but
are the hardest to recognize because they secrete inefficiently and their secre-
tory products usually do not cause a recognizable clinical syndrome. Con-
sequently, they are the pituitary adenomas most likely to be clinically
nonfunctioning, although occasionally other pituitary adenomas may also be
clinically nonfunctioning.

Etiology
Pituitary adenomas are true neoplasms

For many years it was thought that pituitary adenomas could represent a
hyperplastic change a resulting from excessive production of a trophic factor
or deficient production of an inhibitory factor. Recently, however, most pitu-
itary adenomas have been shown to be clonal [1,2]. Restriction fragment-
length polymorphism analysis has shown that in women who have pituitary
adenomas and whose peripheral leukocytes have both alleles of the genes
encoding the enzymes hypoxanthine phosphoribosyltransferase (HPRT) or
phosphoglycerate Kinase (PGK), the adenomas have only one allele or the
other (Fig. 1). This result suggests that each of the adenomas arise from a
single somatic mutation, which then expands clonally. These results have been
found in all pituitary adenomas, including gonadotroph adenomas. Other
recent studies have shown that about 40% of somatotroph adenomas harbor
an activating mutation of the gene that encodes Gs-o,, called the gsp oncogene,
resulting in constitutively activated adenyl cyclase [3]. Because increased ade-
nyl cyclase activity can cause cellular proliferation as well as increased hor-
monal secretion, the gene for Gs-o can be considered a protooncogene and the
mutations can be considered oncogenes. Although the oncogenes and the
proteins they encode have not yet been identified for the other 60% of
somatotroph adenomas, or for any other kind of pituitary adenoma, including
gonadotroph adenomas, it seems likely that they do exist.

Andrew Arnold (ed.) ENDOCRINE NEOPLASMS. 1997. Kluwer Academic Publishers. ISBN 0-7923-4354-9.
All rights reserved.



Figure 1. Demonstration of the apparent monoclonality of five pituitary adenomas. The bands
represent DNA fragments of the HPRT gene from the peripheral leukocytes (lanes a and b) and
pituitary adenoma cells (lanes ¢ and d) of five women known to be heterozygous for the HPRT
gene and to have gonadotroph adenomas. The leukocytes of each patient show both alleles
(lane a), but the adenoma cells show only one allele (lane c), supporting the hypothesis that
these adenomas arose from clonal expansion of a single cell. (From Alexander et al. [1], with
permission.)

The search for a specific etiology

Finding a mutation that could be the cause of 40% of somatotroph adenomas
has led to a search for mutations that could cause gonadotroph and other
pituitary adenomas. The investigation has included known oncogenes, tumor
suppressor genes, and hormones and growth factors known to act on the
gonadotroph cell. In one study of 19 patients with pituitary adenomas, none
of the seven adenomas that appeared to be gonadotroph adenomas by
immunostaining exhibited any of three mutations of the ras gene known to be
oncogenic, although a mutation was found in a highly invasive lactotroph
adenoma [4]. Another study showed no mutations of the ras gene in five
primary pituitary carcinomas or in six invasive adenomas of unspecified type,
but point mutations of H-ras were found in the distant metastases of three of
the carcinomas [5]. In the same study, no mutations were found in exons five
through eight of the p53 tumor suppressor gene.

A study of 18 pituitary adenomas, including 12 that stained for glycoprotein
subunits, showed no allellic loss of the retinoblastoma gene [6]. Another study
of 34 pituitary adenomas, of which 17 stained immunospecifically for gonadot-
ropin subunits, confirmed those results [7]. An examination of 21 clinically
nonfunctioning adenomas showed two that had mutations of the gsp

58



oncogene, similar to those found in somatotroph adenomas; none of 27 had
mutations of the gip gene [8]. What role the gsp mutation might play in the
pathogenesis of these adenomas is as yet uncertain. In summary, there is little
evidence to date for a role of well-known oncogenes in the pathogenesis of
gonadotroph adenomas.

Several known growth factors have been found to be expressed by
gonadotroph and other pituitary adenomas. Interleukin-6 immunoactivity
was found in the media in which 2 of 2 gonadotroph adenomas and 23 of
49 clinically nonfunctioning adenomas were cultured [9]. One of two
gonadotroph adenomas was found to express basic fibroblast growth factor
mRNA [10]. Two (of two) gonadotroph adenomas expressed transforming
growth factor o« mRNA [11]. Invasive pituitary adenomas expressed a point
mutation on the o isoform of protein kinase C, whereas noninvasive adenomas
expressed only the native sequence [12]. Gonadotroph adenomas also express
the activin/inhibin By subunit, and can therefore presumably synthesize activin
B, which is a homodimer of this subunit. In one study, the activin/inhibin By
subunit was expressed in all 10 gonadotroph adenomas studied [13]. In an-
other study, gonadotroph adenomas were also found to express the activin/
inhibin By subunit [14]. Whether or not the expression of any of these growth
factors by gonadotroph adenomas is pathogenetically related to the develop-
ment of the adenomas has not yet been established.

Clinical presentation (Table 1)

Gonadotroph adenomas usually come to clinical attention when they become
so large as to cause neurologic symptoms but may also be recognized when
imaging of the head is performed for an unrelated reason. The large size may
also cause deficient hormonal secretion from the nonadenomatous pituitary,
and these deficiencies may even be recognizable at the time of presentation,
but they are usually not the impetus for the patient to seek medical attention.

Table 1. Clinical presentations of gonadotroph adenomas

Neurologic symptoms (most common)
Visual impairment
Headache
Other (diplopia, seizures, CSF rhinorrhea, etc.)
Incidental finding
When an imaging procedure is performed because of an unrelated symptom
Hormonal symptoms (least common)
Oligorrhea or amenorrhea in a premenopausal woman
Ovarian hyperstimulation when FSH is secreted excessively in a premenopausal woman
Premature puberty when intact LH is secreted in a prepubertal boy
Symptoms of hormonal deficiencies (commonly occur but uncommonly are the presenting
symptoms)

CSF = cerebrospinal fluid; FSH = follicle-stimulating hormone; LH = luteinizing hormone.
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Gonadotroph adenomas are rarely, if ever, recognized when they are
microadenomas because excessive gonadotropin secretion usually does not
cause a clinically recognizable syndrome, and also because these adenomas are
usually so inefficient hormonally that when they are of ‘micro’ size (<1cm)
they probably do not produce elevated serum concentrations of gonadotropins
or their subunits. Gonadotroph adenomas rarely cause a recognizable clinical
syndrome.

Neurologic symptoms

Impaired vision is the symptom that most commonly leads a patient with a
gonadotroph adenoma to seek medical attention [15], although other neuro-
logic symptoms may also do so. Visual impairment is caused by suprasellar
extension of the adenoma that compresses the optic chiasm. When compres-
sion becomes more severe, central visual acuity is also affected. The onset of
the deficit is usually so gradual that patients often do not seek ophthalmologi-
cal consultation for months or even years. Even then the reason for the deficit
may not be recognized, unless a visual-field examination is performed and the
diagnosis is delayed further. Other neurologic symptoms that may cause a
patient with a gonadotroph adenoma to seek medical attention are headaches,
caused presumably by expansion of the sella; diplopia, caused by oculomotor
nerve compression due to lateral extension of the adenoma; cerebrospinal
fluid (CSF) rhinorrhea, caused by inferior extension of the adenoma; and the
excruciating headache and diplopia caused by pituitary apoplexy, sudden
hemorrhage into the adenoma.

Incidental finding

The common use of magnetic resonance imaging (MRI) to evaluate symptoms
in the head or neck, such as head trauma, sinusitis, etc., has resulted in the
discovery of many intrasellar lesions unrelated to the symptom that led to
the imaging procedure. Although many of these incidentally discovered le-
sions are small and not clinically functioning, some are >1cm in diameter
and can be recognized as gonadotroph adenomas by the procedures described
later.

Hormonal presentations

At the time of the initial presentation due to a neurologic symptom, many
patients with gonadotroph adenomas, when questioned, admit to symptoms of
pituitary hormonal deficiencies. Ironically, the most common pituitary hor-
monal deficiency is in luteinizing hormone (LH), the result of compression of
the normal gonadotroph cells by the adenoma and the lack of secretion of a
substantial amount of intact LH by the adenomatous gonadotroph cells. The
result in men is a subnormal serum testosterone concentration, which pro-
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duces symptoms of decreased energy and libido. The result in premenopausal
women is amenorrhea. Any other pituitary hormone might be secreted
subnormally as well.

Gonadotroph adenomas rarely present because of excessive hormonal se-
cretion. Excessive and relatively constant secretion of follicle-stimulating hor-
mone (FSH) in a premenopausal woman would be expected theoretically
to disrupt cyclical ovarian function and to cause ovarian hyperstimulation
and amenorrhea. In fact, one such patient has been reported [16]. Excessive
secretion of FSH would not be expected to cause symptoms in men and
postmenopausal women. Excessive secretion of LH in men would be expected
to cause hypersecretion of testosterone, and in the rare cases of gonadotroph
adenomas that do hypersecrete LH, that is what happens. LH hypersecretion
in men causes supranormal serum testosterone concentrations [17], but typi-
cally no symptoms result. LH hypersecretion in boys causes premature
puberty [18,19].

Diagnosis

The process of making the diagnosis of a gonadotroph adenoma usually pro-
ceeds first from recognizing that a patient’s visual abnormality or other symp-
tom could represent an intrasellar lesion, to confirming the presence of an
intrasellar lesion by an imaging procedure, to, finally, finding secretory abnor-
malities of gonadotropins and their subunits characteristic of a gonadotroph
adenoma.

Visual and other abnormalities

The visual abnormality most characteristic of an intrasellar lesion is dimin-
ished vision in the temporal fields. Either or both eyes may be affected, and if
both, to variable degrees. Diminished visual acuity occurs when the optic
chiasm is more severely compressed. Other patterns of visual loss may also
occur, so an intrasellar lesion should be suspected when any pattern of visual
loss is unexplained. Other neurologic abnormalities that should raise the sus-
picion of an intrasellar lesion are headaches, oculomotor nerve palsies, and
cerebrospinal fluid (CSF) rhinorrhea. The quality of the headaches is not
specific.

Imaging of the pituitary

Current imaging techniques are more than sensitive enough to demonstrate
any pituitary adenoma that has become so large as to impair vision or to cause
any other neurologic symptom. Because gonadotroph adenomas are generally
hormonally inefficient, by the time a gonadotroph adenoma produces
supranormal serum concentrations of intact gonadotropins or their subunits, it
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Figure 2. Magnetic resonance imaging showing in a sagittal view of the head a large gonadotroph
adenoma extending superior to elevate the optic chiasm. Gonadotroph adenomas are often not
recognized until they become large.

is sufficiently large to be seen by imaging (Fig. 2). MRI is currently the
best technique for imaging the pituitary gland because of its superior
resolution and its ability to demonstrate the optic chiasm. In addition, MRI
is able to demonstrate blood, so one is able to recognize hemorrhage into
the pituitary and to distinguish an aneurysm from other intrasellar lesions.
Computed tomographic (CT) scanning has the advantage of the ability to
demonstrate calcium, which is helpful in making the diagnosis of a
craniopharyngioma.

If the visual or other symptoms that led to imaging are caused by a
gonadotroph adenoma, the imaging will demonstrate the presence of a large
intrasellar mass that is likely to extend outside of the sella. MRI will demon-
strate if the adenoma is elevating the optic chiasm or extending into the
cavernous sinuses or sphenoid sinus. MRI will not distinguish, however,
adenomatous tissue from normal pituitary tissue; consequently, a clear distinc-
tion between an intrasellar mass lesion and the normal pituitary is evidence
that the lesion is not a pituitary adenoma. MRI will also not distinguish a
gonadotroph adenoma from other pituitary macroadenomas and often not
even from nonpituitary lesions.
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Hormonal abnormalities

Intrasellar mass lesions detected by MRI should be evaluated further by
measurement of serum concentrations of pituitary hormones to determine if
the lesion is of pituitary or nonpituitary origin, and if pituitary, the cell of
origin. A pituitary adenoma of gonadotroph or thyrotroph cell origin should
be suspected if the serum prolactin concentration is <100ng/ml, the patient
does not appear acromegalic and the serum insulin-like growth factor (IGF)-
I concentration is not supranormal, and the patient does not have Cushing’s
syndrome and does not have supranormal urine cortisol excretion. A ‘silent’
somatotroph or corticotroph adenoma or a lesion of nonpituitary origin could
also account for these findings. Preoperative recognition that an intrasellar
mass lesion is of gonadotroph origin depends on finding specific combinations
of the serum concentrations of gonadotropins and their subunits (Table 2).
The combinations differ somewhat in men and women.

Men. A supranormal basal serum FSH concentration in a man who has an
intrasellar mass lesion usually indicates that the lesion is a gonadotroph
adenoma [20] (Fig. 3). The diagnosis is strengthened if he also has other
characteristic features of a gonadotroph adenoma, such as a supranormal basal
serum concentration of the glycoprotein o subunit or responses of intact
FSH and LH, or of LHp, to thyrotropin-releasing hormone (TRH) [20]. A
supranormal serum LH accompanied by a supranormal serum testosterone,
whether or not accompanied by a supranormal FSH, is strong evidence that
the lesion is one of the unusual gonadotroph adenomas that secrete intact LH.
A supranormal serum LH accompanied by a serum testosterone that is not
elevated suggests that an elevated o subunit is crossreacting in the polyclonal
LH immunoassay. This possibility can be confirmed by measuring LH in a
highly specific, double monoclonal assay and by measuring the o subunit. A
supranormal serum o subunit as the sole basal serum abnormality indicates

Table 2. Hormonal criteria for the diagnosis of gonadotroph adenomas® (any one or any combi-
nation of the following)

Men Women

Supranormal basal serum concentrations
FSH® FSH but not LH
o, LHB, or FSHP subunits Any subunit relative to intact FSH and LH
LH and testosterone

Supranormal response to TRH

FSH FSH
LH LH
LHB (most common) LHP (most common)

? Assuming the patient has a pituitary macroadenoma.
® Assuming the patient does not have a history of primary hypogonadism.
FSH = follicle-stimulating hormone; LH = luteinizing hormone.
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Figure 3. Basal serum concentrations of intact FSH and LH and o and LHJ subunits in 38 men
with pituitary macroadenomas that were clinically nonfunctioning. Eleven had elevations of FSH,
10 of LH, 8 of o subunit, and 6 of LHf subunit. Of the 38 adenomas, 36 were studied in cell culture
and 29 could be identified as gonadotroph adenomas by their secretion in culture. (From
Daneshdoost et al. [20], with permission.)

that the intrasellar lesion is of gonadotroph or thyrotroph origin. TRH stimu-
lation of intact FSH or LH, or of the LHf subunit, would confirm a
gonadotroph origin.

Women. Recognizing the gonadotroph origin of an intrasellar mass on
the basis of basal serum hormone concentrations of intact FSH and LH is more
difficult in women that in men. In a woman over 50 years old who has an
intrasellar mass and elevated gonadotropins, distinguishing between the
adenoma and normal postmenopausal gonadotroph cells as the source is usu-
ally not possible on the basis of the basal gonadotropins alone. Similarly, in a
woman under 50 years old who has an intrasellar mass and elevated serum
gonadotropins, distinguishing between the adenoma and premature ovarian
failure as the source of the gonadotropins is also not usually possible on
the basis of the FSH and LH values alone. A few combinations of basal FSH,
LH, and o subunit values, however, do strongly suggest that an intrasellar
mass is a gonadotroph adenoma. A markedly supranormal FSH associated
with a subnormal LH, for example, most likely indicates a gonadotroph
adenoma, rather than the postmenopausal state or premature ovarian failure
[21]. A serum o subunit concentration that is supranormal when intact FSH
and LH are not, or is supranormal out of proportion to the FSH and LH, also
suggests a gonadotroph adenoma [21]. More commonly, an intrasellar mass in
a woman may be recognized as a gonadotroph adenoma by an increase in
FSH or LH, or even more frequently, in the LHB subunit, in response to TRH
(Fig. 4) [21].

Distinguishing gonadotroph adenomas from primary hypogonadism. The

question of how to distinguish a gonadotroph adenoma from primary hypo-
gonadism is often raised because in both conditions serum concentrations
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of intact gonadotropins and their subunits may be supranormal and gonadal
steroids may be subnormal. Furthermore, longstanding primary hypo-
gonadism may cause some enlargement of the pituitary as a consequence of
gonadotroph hyperplasia [22]. In practice, however, making this distinction is
usually quite easy because each exhibits a different clinical presentation and
each a different set of hormonal secretory characteristics. The major clinical
distinction resuits from the observation that pituitary enlargement due to
primary hypogonadism usually does not occur unless the hypogonadism is
severe, untreated, and of many years duration. Consequently, such patients,
both men and women, often appear hypogonadal clinically. In contrast, men
and women who have gonadotroph adenomas may be hypogonadal, but the
hypogonadism is usually not severe or of long duration. Consequently, they
usually do not appear hypogonadal clinically. The major difference in basal
hormonal concentrations is the elevation of both FSH and LH in patients who
have primary hypogonadism and the elevation of FSH, but usually not LH,
and sometimes by greater elevation of the a subunit, in patients who have
gonadotroph adenomas. The major difference in hormonal responses to TRH
is that patients who have gonadotroph adenomas often exhibit responses of
FSH, LH, and, more commonly, the LHP subunit, but patients who have
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Figure 4. Increases in the serum concentrations of intact FSH, LH, o subunit, and, most often,
LHBp subunit to TRH in 16 women with adenomas that were clinically nonfunctioning. The dashed
lines show the ranges of serum concentrations in 16 age-matched healthy women. Eleven women
with adenomas exhibited significant responses to TRH of the LHf subunit, four of intact LH and
o subunit, and three of FSH. (From Daneshdoost et al. [21], with permission.)
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primary hypogonadism do not [23]. Another clear difference is that men who
have a subnormal serum testosterone on the basis of a gonadotroph adenoma
exhibit an increase to well within the normal range when treated with human
chorionic gonadotropin (hCG) for 4 days [24], but men with primary
hypogonadism do not.

Abnormal secretion of other pituitary hormones. Pituitary adenomas that
secrete intact gonadotropins and/or their subunits usually do not also secrete
other pituitary hormones as well, but concomitant secretion of thyroid-
stimulating hormone (TSH) and prolactin have been reported rarely. A serum
prolactin concentration that is elevated but <100ng/ml, however, suggests not
concomitant secretion by the adenoma but increased secretion by normal
lactotroph cells that are less than normally inhibited because of stalk compres-
sion by the adenoma. Deficient secretion of other pituitary hormones often
occurs due to the mass effect of the typically large gonadotroph adenomas and
should always be investigated.

Treatment (Table 3)

Because gonadotroph adenomas usually do not present until they are so large
as to cause neurologic symptoms, treatment to relieve those symptoms must
be initiated promptly. Currently, trans-sphenoidal surgery is the only treat-
ment that is usually effective in doing so. Surgery is usually not successful in
removing all pituitary adenoma tissue, however, so radiation is often necessary
to prevent the residual from regrowing. To date no pharmacologic treatment
has been shown to be reliably effective.

Table 3. Comparison of standard treatments for gonadotroph adenomas

Treatment Use Advantages Side effects
Trans-sphenoidal ~ Primary treatment Rapid decrease  Transient diabetes insipidus
surgery when adenoma causes of adenoma and/or SIADH; hormonal
neurologic symptoms size deficiencies; decreased

vision, hemorrhage, CSF
rhinorrhea, meningitis
(all uncommon)

Conventional Adjuvant therapy for Prevents Short term: nausea, lethargy,
radiation residual adenoma regrowth loss of taste and smell;
after surgery; primary of residual loss of hair at radiation
therapy in absence of adenoma portals
neurologic symptoms Long term: hypopituitarism
Observation only Asymptomatic adenomas No immediate =~ None immediately; risk of
risk future growth

CSF = cerebrospinal fluid.
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Surgery

Surgery is performed most successfully and safely by the trans-sphenoidal
route. Trans-sphenoidal surgery reduces the size of gonadotroph adenomas
and their hormonal hypersecretion in more than 90% of cases, and in about
70% it improves vision {25]. Serious risks of trans-sphenoidal surgery in the
immediate postoperative period include worsening vision, hemorrhage, and
CSF rhinorrhea, sometimes leading to meningitis, but together these occur in
<5% of cases [26,27]. A less serious, but more common, immediate postopera-
tive risk is instability of vasopressin secretion, which can include diabetes
insipidus, syndrome of inappropriate secretion of antidiuretic hormone
(SIADH), and fluctuations between the two. These fluctuations usually do not
last more than 4-5 days after surgery, but diabetes insipidus infrequently is
permanent. Surgery may improve hormonal secretion by the nonadenomatous
pituitary, worsen it, or leave it unchanged.

The most important preoperative preparations for surgery are identifying
the sellar lesion as a gonadotroph adenoma, identifying an experienced
pituitary surgeon, and ensuring that the patient is hormonally stable. One
reason to identify the mass as a gonadotroph adenoma is to distinguish it from
a nonpituitary lesion near the sella, which might best be approached
transcranially. Another reason is to find a marker, such as an elevated serum
FSH or a subunit concentration, which can be used to monitor the response to
surgery and subsequent treatment. Hypothyroidism increases the risk of respi-
ratory arrest due to postoperative administration of narcotics or barbiturates,
so hypothyroidism should be corrected preoperatively, or those agents should
be used in lower than usual doses.

Postoperative management can be considered in terms of immediate, short
term, and long term. In the few days after surgery, the patient may develop
diabetes insipidus, STADH, or both. In this period diabetes insipidus should be
treated with aqueous vasopressin, either as subcutaneous bolus doses or as
a continuous intravenous infusion. Desmopressin acetate (DDAVP), which
is longer acting, should be avoided at this time because it might cause
hyponatremia if the diabetes insipidus suddenly remits and especially if it is
followed by SIADH. If diabetes insipidus lasts for more than 4-5 days or
is present at the time of discharge from the hospital, DDAVP should be
used. Maintenance hydrocortisone should be prescribed on discharge from the
hospital.

Four to 6 weeks after discharge from the hospital, the patient should be
evaluated for the amount of residual adenoma, visual function, and hormonal
function of the nonadenomatous pituitary. A crude estimation of the amount
of residual adenoma can be determined by MRI, but artifacts of surgery may
obscure the actual amount of residual adenoma tissue for several months. The
serum concentration of any gonadotroph adenoma product, such as FSH or
the o subunit, that had been elevated before surgery will give a more accurate

67



estimate of the amount of residual adenoma. Visual function should be evalu-
ated by acuity and fields. Hormonal function of the nonadenomatous pituitary
should be evaluated regardless of whether it was normal or abnormal prior
surgery because it can be better, worse, or the same afterwards. This evalua-
tion should include measurement of serum concentrations of thyroxine, early
morning cortisol (48 hours after discontinuation of hydrocortisone), and test-
osterone in a man or estradiol in a premenopausal woman. If the plasma
cortisol is =3 pg/dl, the patient is hypoadrenal; if it is =18 pg/dl, the patient has
normal adrenal function. If the plasma cortisol is 4-17 pg/dl, a test of adreno-
corticotrophic hormone (ACTH) reserve, such as a metyrapone test, should
be performed. Measurement of cortisol 1 hour after the administration of
250ug of cosyntropin should not be used because in this situation it may give
a falsely normal result [28]. If the patient has significant nocturia at this time,
24-hour urine volume should be determined, and if it is 3-6 liters, a water
deprivation test should be performed to assess the possibility of diabetes
insipidus. Greater volumes almost certainly indicate diabetes insipidus. Any
hormonal deficiencies should be treated.

Long-term evaluation should include testing every 6-12 months initially to
detect recurrence of the adenoma and the adequacy of hormonal replacement
medications. Evaluation for recurrence should include measurement of what-
ever serum marker was elevated before surgery and an MRIL. If vision was
affected by the adenoma, it should be evaluated periodically as well.

Radiation

Radiation therapy is used most commonly after trans-sphenoidal surgery to
prevent residual gonadotroph adenoma tissue from regrowing, but occasion-
ally it can be used appropriately as primary therapy. As adjuvant therapy,
radiation is administered 6-12 months after surgery if MRI shows significant
residual adenoma tissue; if radiation is not administered, the chances are high
that the residual adenoma will increase in size within the next few years and
require surgery again. If little pituitary tissue remains after surgery, MRI, once
a year initially and then less frequently, should detect regrowth soon enough
to treat by radiation. As primary therapy, radiation is appropriate if the
adenoma is sufficiently large to be threatening the optic chiasm but not actu-
ally causing visual impairment or other neurologic symptoms.

Conventional radiation therapy is supervoltage radiation, administered in
23 daily doses of 2 Gy each. Side effects of radiation that occur during treat-
ment include nausea, lethargy, loss of taste and smell, and loss of hair at the
radiation portals. The first two remit within 1-2 months, and the latter two
usually remit within 6 months. The long-term side effect of radiation is loss of
function of the nonadenomatous pituitary. The chances are approximately
50% that at least one pituitary hormone that had been normal prior to radia-
tion will be subnormal within 5 years afterwards.

Two newer methods of radiation treatment, both involving stereotactic
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delivery, are being tried. A theoretical advantage of these methods is that the
number of portals of entry of the radiation is increased infinitely, so the
radiation exposure of any one part of the brain is decreased. One method is
stereotactic administration of conventional radiation administered in fraction-
ated doses. The other method is administration of gamma radiation from a
®Co source that is stereotactically delivered to the adenoma in a single, large
dose. This technique is called radiosurgery or gamma knife. A theoretical
disadvantage of this method is that the dose of radiation is so large that it is
considered unsafe to treat an adenoma that extends outside the sella because
of the risk of damaging nonpituitary tissue, such as the optic chiasm. To date,
limited information has been published about the effects of either of these
treatments on pituitary adenomas, so it is best to restrict their use to a few
centers on an experimental basis until their actual advantages and disadvan-
tages become more clear.

Medications

The extraordinary success of dopamine agonists in reducing the size of, as
well as secretion by, lactotroph adenomas has prompted attempts to find a
pharmacologic treatment for gonadotroph adenomas. So far, however, no
drug has been found that will reduce adenoma size consistently and substan-
tially. Although dopamine does not decrease gonadotropin secretion to an
appreciable degree in normal subjects, bromocriptine has been reported to
reduce the secretion of intact gonadotropins and the o subunit in a few
patients, and even to improve vision in one, but not to reduce adenoma size
[29,30].

Based on data showing the presence of somatostatin receptors on the cell
membranes of clinically nonfunctioning pituitary adenomas [31,32], two
groups administered octreotide to such patients. One group found improve-
ment in visual fields in three of four patients, but no decrease in adenoma size
[33]. Another group found among six patients decreases in o-subunit values in
three and in size and visual impairment in two each, but no correlation among
the three parameters [34].

Agonist analogs of gonadotropin-releasing hormone (GnRH) have been
administered to patients with gonadotroph adenomas, based on the rationale
that chronic administration of these agonists causes downregulation of
GnRH receptors on, and decreased secretion of FSH and LH from, normal
gonadotroph cells. Administration of GnRH agonist analogs to patients with
gonadotroph adenomas, however, generally produces either an agonist effect
or no effect on secretion and no effect on adenoma size [35-37].

The pure GnRH antagonist, Nal-Glu GnRH, is the most effective agent
tested so far in suppressing FSH secretion by gonadotroph adenomas, but it
does not appear to decrease their size. Administration for 1 week of Nal-Glu
GnRH to men with gonadotroph adenomas reduced their elevated FSH con-
centrations to normal {38). When Nal-Glu was administered for 6 months,
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FSH remained suppressed for the entire period but adenoma size did not
decrease [39]. These results suggest that FSH secretion by gonadotroph
adenomas is dependent on endogenous GnRH but that adenoma size is
not. As a practical matter, no medical treatment tried thus far can be
recommended.

No treatment

Gonadotroph adenomas that are asymptomatic and not an immediate threat
to vision may not require treatment, especially if the patient is elderly or
infirm. This situation is increasingly common as more and more gonadotroph
adenomas are detected as incidental findings when MRI is performed to
evaluate head trauma, etc. Hormonal deficiencies should still be replaced. Re-
evaluation of adenoma size and the function of the nonadenomatous pituitary
should be performed at yearly intervals.
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5. Approach to the incidentally discovered
pituitary mass

Mark E. Molitch

Improvements in diagnostic imaging techniques over the last several years
have created the dilemma for the clinician of the radiologist being able to
detect asymptomatic masses in several organs [1]. Such incidentally found
masses have been referred to as incidentalomas [2]. When these imaging
techniques have been applied to the pituitary gland, similar incidentalomas
have been found in seemingly normal subjects [3-11]. At present, these tech-
niques include high-resolution computed tomographic (CT) scanning with
infusion of intravenous contrast, and magnetic resonance imaging (MRI), with
or without administration of gadolinium [12,13]. It is the purpose of the
present discussion to provide information and guidelines for the evaluation of
the patient incidentally found to have a mass lesion of the pituitary on a CT or
MRI scan that has been performed for some other reason (Fig. 1).

Types of pituitary mass lesions

A number of lesions may be present within the sella turcica and in parasellar
areas [12-14] (Table 1). Certainly the most common lesion is the pituitary
adenoma. Pituitary adenomas may be classified in various ways [15]. Virtually
all are benign, although there may be localized areas of invasion [15]. Al-
though some adenomas may display histologic evidence suggestive of malig-
nancy, such as mitoses, cellular and nuclear pleomorphism, hyperchromatism
of nuclei, and an increased nuclear/cytoplasmic ratio, these findings are not
specific and only the presence of distant metastases can be used for the
definitive designation of malignancy [15]. True pituitary carcinomas with evi-
dence of metastases are so rare as to be individually reportable.

Adenomas generally are classified as to size, with tumors <10mm in diam-
eter being designated microadenomas and tumors >10mm in diameter being
designated as macroadenomas (Fig. 2). Additional features to note are local-
ized areas of invasion and extrasellar extension. In particular, lesions extend-
ing in a suprasellar direction need to be evaluated with respect to possible
compression of the optic chiasm by direct visualization on MRI scan and by
visual field examination using Goldmann perimetry [16].

Andrew Arnold (ed.) ENDOCRINE NEOPLASMS. 1997. Kluwer Academic Publishers. ISBN 0-7923-4354-9.
All rights reserved.



Figure 1. Top: CT scan, coronal view, carried out to rule out lesions of internal auditory canals
causing deafness. Note the poorly visualized macroadenoma (arrow). Bottom: MRI scans, lateral
and frontal cuts, showing large macroadenoma (arrows) with suprasellar and lateral parasellar
extension. This 30-year-old man was eventually found to have panhypopituitarism and a
prolactin of 2200ng/ml. His deafness was subsequently found to be caused by Wegener’s
granulomatosis.

In addition to their size, pituitary adenomas are also characterized by their
hormonal secretion. The most common tumor is a prolactin (PRL)-secreting
tumor (prolactinoma) and the next most common is a clinically non-
functioning tumor. The latter frequently secrete intact gonadotropins or their
glycoprotein subunits (alpha and/or beta) in vivo or in vitro; technically,
therefore, most are really gonadotroph adenomas [17,18]. Rarely, clinically
nonfunctioning tumors will be found to stain positively for adrenocorti-
cotrophic hormone (ACTH) or growth hormone (GH) but do not secrete
these hormones in excess, and such patients do not have Cushing’s disease
[19] or acromegaly [20,21]. In various surgical series, prolactinomas and
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Table 1. Lesions of the sella turcica and parasellar areas

Pituitary adenomas
PRL secreting
GH secreting
ACTH secreting
Gonadotropin secreting
TSH secreting
Nonsecreting

Primitive germ-cell tumors
Germinoma
Dermoid
Teratoma
Atypical teratoma (dysgerminoma)

Benign lesions
Meningioma
Enchondroma
Hypothalamic hamartomas
Gangliocytomas
Myoblastomas

Cell rest tumors
Craniopharyngioma
Rathke’s cleft cyst
Epidermoid (cholesteatoma)
Chordoma
Lipoma
Colloid cyst

Gliomas
Chiasmatic-optic glioma
Oligodendroglioma
Ependymoma
Infundibuloma
Astrocytoma
Microglioma

Granulomatous, infections, inflammatory

Abscess, bacterial and fungal
Sarcoidosis

Tuberculosis

Giant-cell granuloma

Metastatic tumors
Vascular aneurysms

Miscellaneous
Arachnoid cyst
Empty sella syndrome
Suprasellar-chiasmatic arachnoiditis
Histiocytosis X (eosinophilic

granuloma)

Lymphocytic hypophysitis
Mucocele (sphenoid)
Echinococcal cyst

Modified from Post et al. [14], with permission.

PRL = prolactin; GH = growth hormone; ACTH = adrenocorticotrophic hormone; TSH =

thyroid-stimulating hormone.

Figure 2. Growth pattern of adenomas. (Reproduced with permission from Hardy J.
Transsphenoidal surgery of hypersecreting pituitary tumours. In Kohler PO, Ross GT, eds.
Diagnosis and Treatment of Pituitary Tumours. New York: America Elsevier, pp 179-194.)
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nonsecreting tumors each comprise about 30-40% of all tumors. ACTH-
secreting tumors and growth hormone (GH)-secreting tumors comprise 2-
10% each and thyrotropin (TSH)-secreting tumors comprise about 1% [15].
Clearly, in the evaluation of patients with pituitary incidentalomas, that is,
those without any endocrine symptomatology (see later), these frequencies
will be altered towards the clinically nonfunctioning tumors.

A number of other lesions may be found in the sellar area that may mimic
a pituitary adenoma. Such lesions include aneurysms of the internal carotid
artery, craniopharyngiomas, Rathke’s cleft cysts, meningiomas of the tuber-
culum sellae, gliomas of the hypothalamus and optic nerves, dysgerminomas,
cysts, hamartomas, metastases, sarcoidosis, eosinophilic granulomas, sphenoid
sinus mucoceles, and focal areas of infarction [12-14]. Lymphocytic infiltration
of the pituitary can also masquerade as a pituitary adenoma [22]. Artifacts
mimicking pituitary lesions include beam-hardening effects with CT and
susceptibility distortions with MRI [13].

Autopsy findings

Pituitary adenomas have been found by sectioning of the gland at autopsy
in 1.5-27% of subjects not suspected of having pituitary disease while alive
[3,23-40] (Table 2). Except for the study by Muhr et al. [32], which showed
only a 1.5% frequency, these studies, comprising 12,300 subjects, found a
minimum frequency of adenomas of 5%. In the studies in which PRL immu-
nohistochemistry was performed, 46% of the 298 pituitaries stained positively
for PRL [27,28,30,34,36-40]. The tumors were distributed equally throughout
the age groups (range 16-86 years) and between the sexes.

In these postmortem studies all but three of the tumors were <10mm in
diameter (Table 2), and these three were <15mm in diameter. Thus,
microadenomas are present in 10-20% of the adult population. The lack of
macroadenomas in these studies suggests that growth from micro- to macro-
adenomas must be an exceedingly uncommon event and/or that virtually all
macroadenomas come to clinical attention and therefore are not included in
these autopsy findings.

Two autopsy studies evaluated other lesions in the sella in addition to
pituitary adenomas [3,40]. In specimens removed from 100 random cadavers
in whom there had been no clinical suspicion of pituitary disease, Chambers et
al. [3] found 24 lesions >3 mm in diameter, including 11 microadenomas, 6
pars intermedia cysts, 4 foci of metastatic tumor, and 3 pituitary infarcts. In
addition, there were 14 pars intermedia cysts and 3 pituitary microadenomas
<3mm in diameter. Teramoto et al. [40] found 61 lesions in 1000 pituitaries
that were >2mm in diameter. Of these, 18 were adenomas, 2 were focal
hyperplasias, 37 were Rathke’s cleft cysts, and 4 were hemorrhages. Generally,
only lesions of >3 mm diameter will be considered to be significant in this
discussion, as this is generally the smallest size lesion that can be distinguished
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Table 2. Frequency of pituitary adenomas found at autopsy

No. No. No. Stain for
pituitaries ~ adenomas  Frequency macroadenomas prolactin

Study examined  found (%) found (%)
Susman [23} 260 23 8.8 — —
Costello [24] 1,000 225 225 0 —
Sommers [25] 400 26 6.5 0 —
McCormick & 1,600 140 8.8 0 —

Halmi [26]
Kovacs et al. [27] 152 20 132 2 53
Landolt [28] 100 13 13.0 0 —
Mosca et al. [29] 100 24 24.0 0 23
Burrows et al. [30] 120 32 26.7 0 41
Parent et al. [31] 500 42 84 1 —
Muhr et al. [32] 205 3 1.5 0 —
Schwezinger & 5,100 485 9.5 0 —

Warzok [33]
Coulon et al. [34] 100 10 10.0 0 60
Chambers et al. [3] 100 14 14.0 0 —
Siqueira & 450 39 87 0 —

Guembarovski [35]
EI-Hamid et al. [36] 486 97 20.0 0 48
Scheithauer et al. [37] 251 41 16.3 0 66
Marin et al. [38] 210 35 16.7 0 32
Sano et al. [39] 166 15 9.0 0 47
Teramoto et al. [40] 1,000 51 5.1 0 30
Total 12,300 1395 113 3

reasonably well from background ‘image noise’ in these types of scanning
procedures [3,13].

CT and MRI scans in normal individuals

Three series have evaluated CT scans of the sellar area in normal subjects who
were having such scans for reasons unrelated to possible pituitary disease.
Chambers et al. [3] found discrete areas of low density >3mm in diameter
in 10 of 50 such subjects. In our study of 107 normal women, we found 7 who
had focal hypodense areas >3 mm in diameter [4]. In one of these seven, a
woman with peripheral neurofibromatosis, the serum PRL level was elevated
to a value of 36.2ng/ml (normal <25ng/ml); the PRL and o subunit values
were normal in the other six. Focal high-density regions >3 mm in diameter
were found in five subjects. One had a PRL level of 48ng/ml and had a
melanotic melanoma metastatic to the brain so that the high-density area
may have represented a pituitary metastasis. This patient also had received
cranial irradiation, which may increase PRL levels [41]. In a third study,
Peyster et al. [6] found focal hypodense areas >3 mm in diameter in only 8 of
216 subjects.
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Two similar studies have been carried out using MRI. Chong et al. [9] found
focal pituitary gland hypodensities 2-5mm (mean 3.9mm) in 20 of 52 normal
subjects with nonenhanced images using a 1.5-T scanner and 3-mm thick
sections. With similar scans but with gadolinium-DTPA enhancement, Hall et
al. [10] found that in 100 normal volunteers, focal areas of decreased intensity
=3 mm in diameter compatible with the diagnosis of adenoma were found in
34, 10, and 2 volunteers, depending on whether there was agreement on the
diagnosis between one, two, or three independent reviewing neuroradiologists
at the National Institutes of Health. This latter study is particularly interesting
in that it both confirms prior estimates of incidental adenomas found on scans
and points out the degree of uncertainty of diagnosis of adenoma, even among
experienced neuroradiologists, at a premier institution.

On the basis of such studies, it can be seen that CT and MRI scans may
reveal lesions of =3 mm in diameter in 4-20% of normal subjects. However,
autopsy studies suggest such a finding is relatively nonspecific, with cysts and
old infarcts being almost as common as adenomas. Metastatic foci are also
relatively common and need to be considered as well.

Sellar lesions >10mm in diameter have not been found in such studies,
similar to the autopsy experience. However, this author has seen patients with
large pituitary tumors found incidentally on skull x-rays, CT scans, and MRI
scans done because of head trauma or other reasons (e.g., Fig. 1). In the two
series of patients reported with pituitary incidentalomas [8,11], 29 of 52 pa-
tients had macroadenomas. In one of these series [8], 5 of the 11 with
macroadenomas had tumors =2cm in maximum diameter.

Diagnostic evaluation
Endocrinologic evaluation

Because the most common lesion in the sella is a pituitary adenoma, it is
reasonable to evaluate patients endocrinologically, regardless of the size of the
lesion seen. Many of the changes occurring with hormone oversecretion syn-
dromes may be quite subtle and only slowly progressive; therefore, it is impor-
tant to review with the patient changes compatible with the development of a
prolactinoma, Cushing’s disease, and acromegaly. For Cushing’s disease, pa-
tients should be questioned and examined for the development of hyper-
tension, hirsutism, hyperpigmentation, centripetal obesity, acne, pigmented
striae, weakness, gonadal dysfunction, facial erythema and rounding, and
excessive fat deposition in the dorsal and ventral fat pads and supraclavicular
fat pads [42]. For acromegaly, a similar evaluation for the development of
hypertension, acral enlargement, tongue enlargement, increased spacing be-
tween the teeth, and seborrhea may be helpful [43,44].

Women with hyperprolactinemia may experience galactorrhea,
amenorrhea, hirsutism, infertility, and loss of libido [45]. Men may similarly
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have a loss of libido and are usually impotent [45]. Most patients with
gonadotroph cell adenomas are male, have very large tumors, and have a
history of relatively normal gonadal function [17,18]. Patients with TSH cell
adenomas usually display the typical features of hyperthyroidism, although
they lack the features specific for Graves’ disease, that is, exophthalmos (un-
less produced by the mass effect of the tumor itself pushing out the eye) and
dermopathy [46].

If the clinical evaluation of the patient points to particular hormone
oversecretion, then a detailed evaluation of such secretion is warranted to
establish the diagnosis. However, because these tumors may also be present
with very little in the way of clinical symptomatology, screening for hormonal
oversecretion is also warranted, even in patients with no clinical evidence
of hormone oversecretion (Table 3). So-called silent somatotroph and
corticotroph adenomas have been reported many times, and it is not clear
whether these patients with minimal clinical evidence of hormone over-
secretion are free from the increased risk for the more subtle cardiovascular,
bone, oncological, and possibly other adverse effects we usually associate with
such tumors. Screening for hormone oversecretion in such patients has been
questioned as to its cost effectiveness [47]. However, evidence from one of the
series cited earlier that have screened such patients [8] suggests such screening
is worthwhile because 1 of their 18 patients turned out to have a GH-secreting
tumor.

Prolactinomas are the most common of the hormone-secreting tumors. In
addition, there are a large number of medications and conditions that may
cause hyperprolactinemia (Table 4), so that the finding of hyperprolactinemia
in a patient with a ‘tumor’ on scan may be a false-positive finding. The condi-
tions in Table 4 can generally be excluded on the basis of a careful history
and physical examination, routine laboratory screening, and checking of

Table 3. Screening tests for pituitary hormone oversecretion

Hormone Test

GH Elevated Insulin-like growth factor I (somatomedin C level)
Failure to suppress GH levels to <2ng/ml with oral glucose load

ACTH Elevated 24-hour urinary free cortisol level

Failure to suppress cortisol levels to <7ng/ml (193nmol/l with 1 mg of
dexamethasone given orally 2300-2400h the previous night)
PRL Elevated basal levels, repeated at least once,
Exclusion of other causes by history, physical examination, chemistry screening,
and thyroid function tests

FSH/LH Elevated basal levels of FSH, LH, and o subunit
TSH Elevated basal levels of T4, T3 resin uptake, T3 with nonsuppressed or elevated
levels of TSH

Reproduced with permission from Molitch and Russell [7].
GH = growth hormone; ACTH = adrenocorticotrophic hormone; PRL = prolactin; FSH =
follicle-stimulating hormone; LH = luteinizing hormone; TSH = thyroid-stimulating hormone.
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Table 4. Causes of hyperprolactinemia

Pituitary disease Neurogenic Medications
Prolactinomas Chest wall lesions Phenothiazines
Acromegaly Spinal-cord lesions Butyrophenones
‘Empty sella syndrome’ Breast stimulation Monoamine oxidase inhibitors
Lymphocytic hypophysitis Other Tricyclic antidepressants
Cushing’s disease Pregnancy Reserpine
Pituitary stalk section Hypothyroidism Methyldopa

Hypothalamic disease Renal failure Metoclopramide
Craniopharyngioma Cirrhosis Amoxepin
Meningiomas Pseudocyesis Verapamil
Dysgerminomas Idiopathic Cocaine

Nonsecreting pituitary tumors
Other tumors

Sarcoidosis

Eosinophilic granulomas
Neuraxis irradiation

Vascular

Reproduced with permission from Molitch ME. 1995. Pituitary, thyroid, adrenal and parathyroid
disorders. In Barron WM, Lindheimer MD, eds. Medical Disorders During Pregnancy, 2nd ed.
MO: St. Louis, Mosby-Year Book, pp 89-127.

thyroid function. Although all of these conditions may cause modest
hyperprolactinemia, PRL levels >200ng/ml are found exclusively in patients
with prolactinomas and patients with renal failure also taking medications
known to disrupt hypothalamic dopaminergic regulatory pathways [45]. Be-
cause of the episodic secretion of PRL, levels in a normal individual may
occasionally be above the upper limit of normal (generally 20-25ng/ml). Two
or three measurements should be obtained at different times to be sure that
PRL levels are elevated on a sustained basis before concluding that a patient
has hyperprolactinemia.

Various stimulation and suppression tests have been used over the years to
aid in the differential diagnosis of hyperprolactinemia. However, there tests
yield nonspecific results and have been largely abandoned [45,48]. One impor-
tant cause of hyperprolactinemia needs to be emphasized. Normally, PRL is
under tonic inhibitory control by the hypothalamus via PRL inhibitory fac-
tors that are transmitted via the portal system in the hypothalamic-pituitary
stalk. Large pituitary lesions (nonsecreting adenomas, craniopharyngiomas,
meningiomas, etc.) can cause moderate hyperprolactinemia by interfering
with stalk function and the transmission of these inhibitory factors. Rarely do
PRL levels get above 200ng/ml in this fashion, however [49]. Thus, a large
lesion (>2cm in height) that is associated with a PRL level <200ng/ml should
be considered to be something other than a prolactinoma because large
prolactinomas generally have PRL levels ranging from several hundred to
several thousand nanograms per milliliter.

For GH oversecretion, probably the best single screening test is measuring
insulin-like growth factor I (IGF-I, also known as somatomedin C). Although
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basal GH levels are also usually elevated, such elevations may be only mini-
mal, that is, 2-3ng/ml [44], and normal individuals commonly have GH levels
that may go over 20ng/ml during one of the secretory surges that occur about
every 2 hours [50]. If only GH measurements are available, then GH levels
should be obtained after an oral glucose load (100¢g of glucose), showing lack
of suppression to <2ng/ml by hyperglycemia [44]. When any of these tests is
positive, more detailed evaluation is necessary to establish the diagnosis de-
finitively [44].

Two tests have proven very useful for screening for the presence of
Cushing’s disease. The measurement of free cortisol in a 24-hour collection of
urine has generally been found to be a good screening test for Cushing’s
disease [51,52]. However, others have noted that some patients may have
normal urinary free cortisol measurements on occasion [53]. A second test is
the measurement of serum cortisol at 8 a.m. after the patient has received 1 mg
of dexamethasone at bedtime the night before. Normally, the cortisol will
suppress to =7pg/dl [51,52]. Rarely, patients with Cushing’s disease will sup-
press with this low dose of dexamethasone overnight, and even with the
standard 2-day dexamethasone suppression test [51,52]. If there is a clinical
suspicion of Cushing’s disease in the patient being evaluated and if there is any
discrepancy found in one of these two tests, then the second also ought to be
done. When these screening tests are positive, more detailed testing will be
necessary to establish the diagnosis definitively [42,51,52].

Gonadotroph adenomas can generally be evaluated on a screening basis by
measuring basal follicle-stimulating hormone (FSH), luteinizing hormone
(LH) and o-subunit levels; isolated FSH and LH B-subunit hypersecretion
may be able to be evaluated in the future if radioimmunoassays become
commercially available. In the male, testosterone levels are usually normal
[18]. In the female, considerable difficulty may be found when trying to differ-
entiate hormone oversecretion by these tumors versus postmenopausal nor-
mally elevated gonadotropin levels. When the diagnosis is important to
establish, stimulation testing with thyrotropin-releasing hormone (TRH) may
demonstrate a gonadotropin response in patients with gonadotroph adenomas
[54,55].

Thyrotroph cell adenomas cause biochemical as well as clinical
hyperthyroidism, with patients showing elevated thyroxine (T4) and triiodot-
hyronine (T3) levels. The unusual feature in these patients is an inappropri-
ately normal or even elevated, rather than depressed, thyroid-stimulating
hormone (TSH) level [46,56].

Microadenomas do not generally cause disruption of normal pituitary func-
tion. Of the 22 patients with suspected microadenomas evaluated in the series
of Reincke et al. [8] and Donovan and Corenblum [11], all had normal pitu-
itary function. Larger lesions may cause varying degrees of hypopituitarism
because of compression of the hypothalamus, the hypothalamic-pituitary stalk
that transmits the hypophysiotropic-releasing factors to the pituitary, or the
pituitary itself. Of the 27 patients with suspected macroadenomas evaluated in
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the series of Reincke et al. [8] and Donovan and Corenblum [11], 5 were found
to have partial hypopituitarism. Patients with these larger lesions should be
evaluated for hypopituitarism.

The most critical hormone axis to be evaluated is the hypothalamic-
pituitary-adrenal axis. Morning cortisol and ACTH levels should be obtained.
If the cortisol level is <5ng/ml, then replacement should be started with
dexamethasone. If the ACTH level is also low, then the diagnosis is fairly well
established, although some would also determine that the adrenal could re-
spond to repetitive doses of ACTH. If the cortisol level is >5ng/ml, then an
overnight metyrapone test could be done. In this test, 30mg/kg (maximum
dose of 2000mg) is given at bedtime and 11-deoxycortisol (compound S) and
cortisol levels are measured at 8 a.m. the next morning. Because metyrapone
blocks the 11-hydroxylase step of cortisol synthesis, cortisol levels should be
low and, because of decreased feedback causing increased ACTH levels, the
precursor 11-deoxycortisol should increase in the blood to >7.5pg/dl and the
cortisol level should decrease [57,58]. This will establish the presence of
ACTH reserve deficiency.

Alternatively, the ACTH and cortisol responses to insulin-induced
hypoglycemia could be obtained. In this test, hypoglycemia is induced with
intravenous insulin given as a bolus (0.1-0.15U/kg ideal body weight), and
cortisol and ACTH are obtained at 0, 30, 60, and 90 minutes. In this test,
glucose levels should decline to <50% of baseline, to a level of <50mg/dl, and
the patient should become symptomatic and the plasma cortisol should in-
crease by at least 10pg/dl to a level of at least 18 pug/dl [17,18].

TSH deficiency can be established by finding low levels of T4, T3, and TSH
in the blood. Gonadotropin deficiency is established by finding low levels of
gonadotropins, or the absence of cycling in women in conjunction with low
target hormone levels, that is, estradiol or testosterone. However, when there
is hyperprolactinemia, these assessments of gonadal function are not accurate
because the hyperprolactinemia itself will cause a decrease in gonadotropin
and gonadal hormone levels [45].

GH deficiency can be determined by finding an inadequate (<7ng/ml) GH
response to hypoglycemic stimulation as described above. Such testing should
only be carried out after repletion of thyroid, glurocorthoid and gonadal
hormones and when GH repletion therapy is indicated [58].

Radiologic evaluation

The index abnormality being discussed is an abnormality found during a scan.
For lesions >1cm in diameter, the important differential resides between
pituitary adenomas and other mass lesions [12-14]. MRI may be done as a
secondary procedure if a mass is first detected on CT scan because it can reveal
far more anatomic detail of the lesion itself and its relationship to surrounding
structures [12,13,59,60]. MRI can demonstrate the decreased signal of flowing
blood and therefore can better determine the presence of aneurysms [12].
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Aneurysms and adenomas may coexist, however, and occasionally
arteriography may be necessary. Meningiomas are associated with (1)
hyperostosis of the adjacent bone in 50% of cases [12], (2) a more homoge-
neous enhancement with gadolinium than macroadenomas, (3) a suprasellar
rather than sellar epicenter of tumor, and (4) a tapered extension of an
intracranial dural base [61].

Some degree of calcification is present in over 80% of craniopharyngiomas,
but calcification has also been demonstrated in pituitary adenomas [12,13].
About 50% of craniopharyngiomas display areas of high intensity on T1-
weighted images due to the proteinaceous material present in the cyst fluid.
Although cystic components are common to craniopharyngiomas and
Rathke’s cleft cysts, they may also be seen in pituitary adenomas.
Craniopharyngiomas are usually hypointense or hyperintense on MRI T1-
weighted images but are usually very hypointense on T2-weighted images [12].
The cyst fiuid in Rathke’s cleft cysts varies in its protein content, and thus the
cyst may be hypointense or hyperintense on T1-weighted images [13]. In
Rathke’s cleft cysts, contrast enhancement is usually confined to a thin rim
along the cyst wall [13]. Gliomas are usually hypointense on T1-weighted
images but hyperintense on T2-weighted images. When arising from the optic
nerve or chiasm, such gliomas may also cause enlargement of the optic fora-
men [12]. Metastases may be almost impossible to differentiate from a
pituitary adenoma radiologically [12,62] and clinically. The radiologic charac-
teristics of these and other lesions of the sella are obviously complex, and more
detailed reviews of this subject are available [12-14]. Because of the lack of
specificity of many of the radiologic signs, however, in many cases the only
sure way of diagnosing a lesion is by obtaining tissue.

In patients with lesions <10mm, there is a similar lack of specificity and
artifacts may contribute to the confusion in establishing a diagnosis [13].
Several studies have compared radiologic studies to operative findings. In
three papers from the Montreal General Hospital that analyzed preoperative
direct coronal CT scans for ACTH-, PRL-, and GH-secreting adenomas
resected by Dr. Jules Hardy, Marcovitz et al. calculated respective sensitivities
of 63%, 91.9%, and 81.2%; specificities of 62.5%, 25%, and 100%; and overall
accuracies of 62.8%, 87.7%, and 81.2% [63-65]. Similarly, poor sensitivity
(30%) and accuracy (39%) of CT for Cushing’s syndrome was reported from
the National Institutes of Health [66]. Somewhat better data have been re-
ported for MRI using 1.5-T systems by Peck et al. [67], reporting a sensitivity
of 71% and specificity of 87% for ACTH-secreting adenomas.

Johnson et al. [68] performed both CT and MRI on patients undergoing
surgery and found that correct diagnoses of microadenomas were made in 8 of
14 cases with CT and in 12 of 14 cases with MRI. Thus, specific features, such
as focal hypodense or hyperdense areas and deviation of the stalk, are not
specific for the presence of a pituitary adenoma or other lesion. In addition, it
is important to avoid diagnosing a tumor simply on the basis of a slight
increase in the size of the pituitary, because it is increased in size during the
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normal physiologic states of adolescence [69] and pregnancy [70,71], and is
hyperintense during pregnancy [72]. The increase in size during pregnancy
continues into the first postpartum week, with some pituitaries increasing to
almost 12mm in height; the pituitaries then rapidly return to normal size
despite postpartum breast-feeding [71]. Pituitary volume may also be seen to
be homogeneously increased with depression [73].

Recommendations
Microlesions

Clinical judgment must be employed in determining which patients need
evaluation, and such things as patient age and other associated illnesses must
be considered. Although the diagnostic possibilities are large, there are really
only two things to be considered: (1) that this is a functioning pituitary
adenoma for which specific treatment might be necessary to correct the hor-
monal hypersecretion and (2) that this is an adenoma or other lesion that could
potentially cause future problems for the patient because of enlargement
(Fig. 3). With respect to the first consideration, patients can be evaluated
and screened for hormonal oversecretion, as discussed earlier. If hormone
oversecretion is found, then further diagnostic evaluation and therapy may be
necessary, as indicated for that specific tumor type [74].

If there is no evidence of hormone oversecretion, then the second consider-
ation comes into play. With respect to pituitary microadenomas, it is known
that for prolactinomas, at least, the risk of significant tumor enlargement is
probably under 5% [75-79]. This low risk of significant enlargement is likely to
be true for nonsecreting adenomas as well. The risks of significant enlargement
of Rathke’s cleft cysts, intrasellar craniopharyngiomas, etc. are unknown, but
they also seem to enlarge slowly. There is one case report of a patient whose
relatively large, probable craniopharyngioma did not enlarge over a 5-year
period of observation [80], but there are no other series in which a substantial
number of such patients have been followed without intervention. Therefore,
a reasonable approach may be to repeat the scan at yearly intervals for 2 years
and, if there is no evidence of growth of the lesion, subsequently lengthen the
interval between scans. Because of the radiation exposure with CT [81], con-
sideration should be given to performing the repeat scans with MRL

Surgery does not seem to be indicated for such nonsecreting lesions unless
growth is demonstrated. In the series of patients evaluated by Reincke et al.
[8], 1 of 7 patients with suspected microadenomas showed evidence of tumor
enlargement (5-9mm) over an 8-year follow-up period and 1 patient had a
regression in tumor size from 8 to 4mm. In the series of patients evaluated by
Donovan and Corenblum [11], none of the 15 patients with suspected
microadenomas showed evidence of tumor growth over a mean of 6.7 years of
follow-up.
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Pituitary Illcidentaloma

Evaluation of Pituitary Function

Hyperfunctioning Clinically Nonfunctioning
Prolactinoma Otlher <1em >1cm
Bromocritptine Surgery Visual fields
R/O Pituitary
Hypofunction
Repeat MRI at Repeat MRI at
1, 2, 5 years 05,1, 2,5 years
No CMGrowth
l Abnormal Fields
No Further Surgery
Studies

Figure 3. Flow diagram indicating the approach to the patient found to have a pituitary
incidentaloma. The first step is to evaluate patients for pituitary hyperfunction and then to treat
those found to be hyperfunctioning. Of those patients with tumors that are clinically
nonfunctioning, those with macroadenomas are evaluated fruther for evidence of chiasmal com-
pression and hypopituitarism. Scans are then repeated at progressively longer intervals to assess
for enlargement of the tumors. (Reproduced from Molitch ME. 1995. Evaluation and treatment
of the patient with a pituitary incidentaloma. J Clin Endocrinol Metab 80:3-6. Copyright, The
Endocrine Society.)

Macrolesions

Again, two factors should be considered with such lesions: (1) that it is a
functioning pituitary adenoma for which specific treatment might be necessary
and (2) that because of its size, the lesion may need to be resected. When
hormone oversecretion is found, further diagnostic evaluation and therapy
may be necessary as indicated for the specific tumor type [74].

Lesions >1cm in diameter have already indicated a propensity for growth.
A careful evaluation of the mass effects of these tumors is indicated, including
evaluation of pituitary function and visual-field examination. If a completely
asymptomatic lesion is thought to be a pituitary adenoma on the basis of
radiologic and clinical findings, then a decision could be made to simply repeat
scans (MRI rather than CT to reduce irradiation, as earlier) on a yearly basis,
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with surgery being deferred until there is evidence of tumor growth. As men-
tioned, however, the size of these lesions already indicates evidence of tumor
growth and early surgery may be of benefit. About 10-15% of nonsecreting
adenomas respond to bromocriptine with tumor shrinkage {17], and some may
also respond to octreotide [82,83] so that a trial of medical therapy may be
worthwhile in the completely asymptomatic patient. If no therapy is chosen
initially, repeating scans at 6 and 12 months, and then yearly, to monitor for
any increase in tumor size seems warranted. If there is no size change, the
interval can subsequently be lengthened. Certainly, with any evidence of
significant tumor growth, surgery should be performed.

In the series of Reincke et al. [8], 4 of their 11 patients with incidentally
found macroadenomas were operated upon initially because of visual-field
abnormalities in 2, chiasmal displacement in 1, and the demonstration of GH
excess in 1. The other 7 patients were followed for 17-48 months. Two of these
patients had increases in the size of their lesions from 22 to 25mm and from 14
to 20mm over about 1.5 years. In the series of Donovan and Corenblum {11},
4 of their 16 patients with suspected macroadenomas experienced tumor en-
largement over a mean follow-up period of 6.1 years, with the increase ranging
from 2 to Smm. In 1 of these 4, the enlargement was associated with visual-
field impairment, and he was found to have a craniopharyngioma at surgery.
Another developed pituitary apoplexy following heparinization for coronary
angiography. The other two patients continue to be followed with no further
intervention or complications.

Summary

Incidental pituitary adenomas are being found commonly with our improved
neuroradiologic imaging procedures. Screening for hormone oversecretion by
these tumors appears to be warranted. For patients with macroadenomas,
patients should also be screened for hypopituitarism. In the absence of visual-
field abnormalities or hypothalamic/stalk compression, it may be appropriate
to observe such patients carefully with repeated MRI scans. A limited amount
of data suggest that significant tumor enlargement will occur in <5% of
patients with microadenomas [8,11]. However, all macroadenomas must start
out as microadenomas, and so periodic follow-up is indicated to assess for this
possibility.

Macroadenomas, by their very existence at the time of detection, have
already indicated a propensity for growth. Over the limited period of follow-
up in the two series reported, significant growth occurred in just over one
quarter of the patients with macroadenomas [8,11]. Hemorrhage into such
tumors is uncommon, but anticoagulation may predispose to this complica-
tion. When there is no evidence of visual-field deficits, an attempt at medical
therapy with a dopamine agonist or octreotide is reasonable, realizing that
only about 10% of such patients will respond with a decrease in tumor size.
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Surgery is indicated if there is evidence of tumor enlargement, especially when
such growth is accompanied by compression of the optic chiasm, cavernous
sinus invasion, or the development of pituitary hormone deficiencies.
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6. Follicular cell-derived thyroid carcinomas

Stefan K.G. Grebe and Ian D. Hay

Cancers derived from the follicular epithelium (papillary, follicular, and
poorly differentiated (anaplastic) cancers) comprise about 60-95% of all thy-
roid carcinomas. The rest are, in decreasing order of frequency, medullary
carcinomas, lymphomas, sarcomas, squamous-cell carcinomas, and metastases
from tumors elsewhere. Besides being extremely rare, all of the latter, with the
exception of medullary thyroid carcinoma, are tumors derived from non-
endocrine tissues, and therefore they are not the subject of this review. Med-
ullary thyroid carcinoma is covered in Chapter 20.

Demographics and epidemiology

The annual incidence of thyroid cancer is between 0.5 and 10 per 100,000
population in most countries [1]. Clinical thyroid malignancy is relatively
uncommon, comprising less than 1% of clinical human malignancies.
Nonetheless, thyroid malignancies are more common and kill more patients
than all other endocrine malignancies combined [2]. During 1996 the
American Cancer Society estimates there will be 15,600 new cases of thyroid
cancer in the U.S. population (90% of endocrine malignancies). An estimated
1210 patients will die of thyroid cancer during this period, accounting for
64% of deaths from endocrine cancers and 0.4% of all deaths from malignancy
[3].

The majority of malignant thyroid neoplasms are derived from the follicular
epithelium. Amongst those, in most countries rates of papillary thyroid cancer
(PTC) are greater than those for follicular cancers (FTC), and either is far
more common than anaplastic carcinomas [4,5]. However, the relative propor-
tions of the three cancer types show wide geographic variation. The preva-
lence rate for anaplastic carcinomas may be as small as 1% or 2%, or as high
as 20%, and among the differentiated carcinomas (FTC and PTC) FTC may
comprise between 10% and 50%. Anaplastic carcinomas and FTC tend to be
relatively more common in endemic goiter areas, and a number of case-control
studies have strongly suggested that dietary iodine content is responsible for
the increased rates of anaplastic cancer and FTC in these areas [6,7]. This
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hypothesis is supported by the fact that dietary iodine supplementation has
been shown to increase the relative proportion of papillary cancers and to
decrease the frequency of FTC [8,9].

Both PTC and FTC are more than twice as common in females as in
males and tend to occur more commonly in middle age and later, although
PTC patients are somewhat younger than FTC patients [4,5]. The female
preponderance of patients with follicular cell-derived thyroid cancer has
led to speculation about the role of estrogens as a risk factor. Indeed,
other putatively estrogen-dependent tumors, particularly breast cancer, and
thyroid cancer occur more frequently in the same individual than expected by
chance [10,11]. In addition, case-control studies have suggested a correlation
between pregnancy, an extremely high estrogen state, and the onset of
thyroid cancer [12]. The biological basis for these epidemiological observa-
tions could be that estrogen acts as a growth promoter on thyrocytes, and,
indeed, some experimental evidence suggests that thyrocytes express estrogen
receptors and estrogen may stimulate thyrocyte growth in cell-culture systems
[13,14].

Recently, it has also been shown that the partial estrogen antagonist
tamoxifen inhibits growth of PTC cells both in vitro and in vivo [13], although
this phenomenon may not be mediated via classical estrogen receptors. On the
other hand, risk factors for breast cancer, which lead to increased estrogen
exposure (such as low parity and absence of breast feeding) are, with the
exception of increased body weight, not associated with an increased risk
of thyroid cancer [11,15], and increased parity itself seems to increase
thyroid cancer risk. This might suggest that pregnancy per se, rather than
the associated estrogen levels, may be associated with increased thyroid
cancer risk [16]. On balance, the role of female sex hormones as a risk factor
for the development of thyroid cancer in general must still be considered as
unresolved.

Genetic factors may play a role in a small group of patients with PTC and
FTC. PTC may be associated with other nonthyroid malignancies, as well as
premalignant conditions, such as Cowden’s syndrome or familial adenomatous
polyposis coli (Gardner’s syndrome) [17]. Additionally, several cases of famil-
ial PTC have now been described [18]. No such distinct associations exist for
FTC, but aggregation of FTC cases in families with dyshormonogenesis has
been described [19]. Certain HLA types may also predispose to FTC. Depend-
ing on ethnic background and environmental iodine content, DR1, Drwé, or
DR7 may be associated with FTC.

The most firmly established risk factor for thyroid cancer development is
prior exposure to ionizing radiation, particularly to the head and neck region
during childhood. This used to be a common problem in some exposed popu-
lations in Japan and the Pacific during the 1960s and 1970s, in the aftermath of
atomic bomb use at the end of the second world war and atmospheric nuclear
bomb tests during the 1950s and 1960s [20,21]. In most other countries, radia-
tion treatment for benign medical conditions, such as acne vulgaris, thymic

92



enlargement, tinea capitis, or inflammatory connective tissue disorders, con-
tributed to rising numbers of thyroid cancer [22-25]. These practices have
been long abandoned, and atmospheric nuclear tests have only been (rarely)
conducted by France and China during the last two decades. Consequently,
radiation exposure as a risk factor has now ceased to be of significant impor-
tance in most countries [24]. Exceptions are areas of high natural background
radiation, patients who have undergone radiation therapy for malignant con-
ditions [26], and areas of environmental radioactive contamination from mili-
tary or civilian sources, particularly in a number of countries in the southern
part of the former Soviet Union, which were heavily contaminated in the wake
of the Chernobyl nuclear reactor accident [27]. The contamination in parts of
Byelorussia and the Ukraine was significant and prolonged, and there is
mounting epidemiological evidence that this has led to increased rates of
thyroid malignancies, often of an unexpectedly aggressive nature [27]. With
increasing mobility of eastern European populations, physicians in Western
European and North America may well encounter such individuals and should
be alert to the increased likelihood of thyroid malignancy in thyroid nodules
found in these patients.

Pathology and classification
Main pathological features and classification

Papillary carcinomas of the thyroid are defined as malignant neoplasms of the
thyroid gland showing evidence of follicular cell differentiation, typically with
papillary and follicular structures, as well as characteristic nuclear changes
[28]. The distinct nuclear changes seen in PTC are large, pale-staining nuclei
with a ‘ground glass’ appearance. These typical nuclear changes usually enable
unequivocal identification of PTC cells on cytological examination. Papillary
structures usually consist of complex branching papillae with a fibrovascular
core covered by a single layer of tumor cells. Follicular elements, usually
resembling FTC, are often interspersed [28,29).

Follicular carcinomas of the thyroid are defined as malignant neoplasms of
the thyroid epithelium that exhibit follicular differentiation and do not fulfill
any of the pathological criteria for other types of thyroid malignancies [28,29].
They are characterized by varying degrees of resemblance to normal follicular
architecture and function (including colloid formation), capsule formation
with capsular invasion, and local tissue and vascular invasiveness. Two major
patterns of growth are recognized: a minimally invasive (also referred to as
‘encapsulated’) type and a widely invasive type. The former is much more
common and often closely resembles a benign follicular adenoma in gross and
microscopical appearance, occasionally causing significant problems in differ-
ential diagnosis. Cytological features can vary considerably, with differing
degrees of atypia and no clear distinction from benign follicular tumors {30].
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Major criteria for malignancy are unequivocal capsular and vascular invasion
[28,29,31]. By contrast, the widely invasive type of follicular carcinoma is easily
distinguished from a benign adenoma by obvious tissue and vascular invasion
on the macroscopic and microscopic level, high mitotic activity, and marked
cellular and nuclear atypia.

Anaplastic carcinomas typically are extremely poorly differentiated and
often can barely be identified as arising from follicular epithelium. Cytologi-
cally, nuclear abnormalities and DNA aneuploidy are almost universal and
abundant mitotic figures are present. Cells are uniform and dedifferentiated
and seldom form recognizable papillary or follicular structures. Not infre-
quently, only immunocytochemical staining for epithelial cell surface markers
can unequivocally distinguish anaplastic thyroid carcinomas from thyroid
lymphomas or sarcomas. However, occasionally more differentiated papillary
or follicular elements can be identified within the tumor or coexist separately
in nearby areas. This has given rise to speculation that some PTC and FTC
may dedifferentiate into anaplastic cancers.

Patterns of spread

Lymph-node involvement at presentation is common in PTC, occurring in 15—
60% (mean around 35%) of patients, when only macroscopically suspicious
nodes are removed at primary surgery, and in excess of 70% of patients (mean
80%), when more extensive dissection is undertaken [32-39]. By contrast, in
FTC lymph-node involvement at presentation is uncommon, usually less than
10% [40].

However, FTC is more likely to spread by hematogenous dissemination.
About twice as many patients with FTC (5-40%), as compared with PTC (1-
25%), will suffer distant metastatic spread during their illness, and about half
of those will have metastases at presentation [41-49]. The favored sites of
distant metastasis for PTC and FTC are lung and bone, followed by a variety
of other sites, including brain, liver, and skin [41-44]. In PTC about two thirds
of metastases are to the lungs [41], whereas in FTC about a third each of
metastases are to the lung and bone and the last third to all other organs.
Anaplastic cancers typically spread aggressively by local and lymphatic exten-
sion, as well as hematogenous dissemination, with the majority of patients
either presenting with metastases or developing distant metastatic spread
shortly after diagnosis.

Histological subgroups

Most PTC display varying degrees of follicular elements, but this does not
seem to impact on biological behavior and the formerly used pathological
category of ‘mixed’ papillary-follicular carcinoma has generally been aban-
doned. However, in recent years a number of other PTC subtypes, with possi-
bly different prognostic implications, have been recognized, and some authors
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have made a strong point for separately classifying these particular tumors.
Tall cell, columnar cell, and oxyphilic variants of PTC are reputed to have a
higher incidence of extrathyroidal invasion and local and distant metastatic
spread, and may be associated with increased mortality. The diffuse sclerosing
type of PTC may also lead to more frequent regional nodal metastases, but
there is no evidence that distant spread or mortality are increased [4,29].
Unfortunately, in all these cases uniform criteria for diagnosing these subtypes
are lacking, and the purportedly different implications of the various tumor
subtypes are based on very small case series (in each of the above variants the
largest case series comprise about 20 tumors). Strict definition of subtypes and
systematic review of large, unselected case series will therefore be necessary
before such subclassifications can be regarded as useful and recommended for
universal use.

Similarly, in FTC a number of morphological subt