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Foreword by Dr. Ken Ho

Endocrinology is one of the most dynamic disciplines in biomedical science. It is among the most quantitative of
the clinical specialties in which the marriage of basic and clinical sciences is very strong. The molecular revolution
has led to an explosion of new information, bringing exciting insights and discoveries that have changed concepts
of disease causation and treatment. How can all this information reach the practicing endocrinologist or trainee in
a digestible form? What is required is a book that lays out the endocrine landscape, detailing where and how this is
changing in ways that advance patient care.

It is this challenging confluence of research and patient care that has driven my work over 30 years as an endocri-
nologist and clinical scientist and now research director at a major teaching hospital in Australia, collaborating with
likeminded colleagues internationally. My major area of interest is the neuroendocrine basis of metabolic disease
with particular focus on the role of pituitary hormones.

I first met Philip and Pierre in London at the Clinical Endocrinology Trust Medallist of the British Endocrine Societies
in 2000. We formed a strong bond through our shared fascination with, and commitment to, advancing the teaching,
research, and management of endocrine disease. Philip and Pierre epitomize a rare breed: consultant endocrinologists
with a passion to bring in advances to clinical practice. They are the beneficiaries of training at St. Bartholomew’s
Hospital, London, with Professor Michael Besser, and inspired by their mentor, they were drawn to neuroendocrinology,
a field that demands a deep understanding of systems biology and its relevance to human disease. Together, they have
made significant contributions: Philip in thyroid and pituitary disease, Pierre in reproductive endocrinology. Philip has
carved a highly successful career for himself in the pharmaceutical industry while holding a consultant endocrinolo-
gist appointment at University Hospital Lewisham, London. As vice-president of Scientific Affairs at Ipsen, he provides
strategic direction and opportunities in the development of new compounds, and he also takes collaborative opportunities
to key opinion leaders at leading centers internationally. He brings an industry perspective to knowledge transfer in the
advancement of patient care. Pierre, as Director of the Neuroendocrine Centre at the Royal Free Hospital, continues to
advance research into the genetic basis of central hypogonadism. They both share a love of teaching and mentoring. Pierre
brings in a particular brand of humor to teaching that is both memorable and highly engaging. Nothing stands clearer
in my mind than the roars of laughter that interspersed a meet-the-professor delivery by Pierre at a 2007 meeting in Sao
Paolo, Brazil. Together, they have assembled a distinguished authorship team from the United Kingdom, Europe, and
the United States, the members of which, like themselves, are not only world leaders but also practicing endocrinologists.

In this second edition, Philip and Pierre have harnessed advances in clinical practice in a readable and succinct style
by drawing on their considerable knowledge, experience, and network as leading consultant endocrinologists. This
is a well-crafted compendium of practical information, invaluable for the clinical endocrine readership who will find
relevant basic science covering the tenets of endocrine disease dovetailed to practical assessment, investigation, and
management of the patient.

Buy it, read it, and keep it.

Ken Ho

Professor of Medicine, University of Queensland

Chair, Centres for Health Research, Princess Alexandra Hospital
Translation Research Institute, Brishane, Australia

Past President, Growth Hormone Research Society

President, Pituitary Society
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Preface

The objective of the first edition was to provide cutting-edge information on clinical practice for practicing endo-
crinologists and doctors training in endocrinology. The second edition retains this ethos, but it has been extensively
updated and modified. Endocrinology is moving toward an increasingly personalized approach to patient manage-
ment. This is reflected by the increased focus on mechanisms of disease and biomarkers.

Certain subjects, such as neuroendocrine disease (Chapter 1), take a more generalized approach to the field, before
focusing on specific diseases. The chapter is supported by protocols for pituitary function testing in the appendix.
Separate chapters have been assigned to pituitary radiotherapy and surgery. Other chapters are more specifically
focused from the outset. There is a dedicated chapter for imaging, which has changed considerably in the past few
years, particularly with the increasing use of positron emission tomography.

A major stride forward has been achieved in the field of pituitary disease with the identification of aryl hydrocar-
bon receptor—interacting protein mutations in a proportion of patients with familial isolated pituitary adenomas.
Accordingly, there is a new chapter dedicated to this topic. Neuroendocrine tumors are included for the first time
as a separate chapter, because the incidence of this disease is increasing rapidly, and endocrinologists frequently take
a leading role in their management. Closely linked to neuroendocrine tumors, there is a new chapter on hereditary
primary hyperparathyroidism and multiple endocrine neoplasia. New chapters on disorders in calcium regulation
and genetics of infertility reflect the mechanistic and genomic advances that have been made in recent times. Finally,
there is a new chapter on the endocrinology of aging, focusing on the highly relevant endocrinological changes that
occur in this group of individuals, who form an increasing part of the clinician’s responsibilities.

A separate pharmacopeia has not been included in this edition, because details of pharmacological treatments are
included in each chapter where relevant.

We are most grateful to our colleagues who have kindly found the time to contribute to this book. Finally, as ever,
our thanks to our families for their patience and support during this endeavor.

Philip E. Harris
Pierre-Marc G. Bouloux

x
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1

Neuroendocrine disease
Philip E. Harris

The normal
bypothalamic—pituitary axis
(see Chapter 5, Figure 5.1)

Normal anterior pituitary function is under the cen-
tral control of the hypothalamus and higher centers.
Hypothalamic releasing and inhibitory factors are secreted
into the capillaries of the hypophysial portal circulation
at the median eminence. The neurohypophysis consists of
neurons arising from the magnocellular and parvocellular
neurons of the supraoptic and paraventricular nuclei. The
anatomical relationships of the hypothalamus and sur-
rounding brain structures can be clearly demonstrated on
magnetic resonance imaging (MRI) scan. The posterior
pituitary (neurohypophysis) characteristically has a high
signal on T1-weighted images that is lost in cranial dia-
betes insipidus (Figure 1.1).

Classification of hypothalamic—
pituitary disease

Hypothalamic—pituitary disease is associated with
increased mortality.! Endocrine dysfunction secondary to
hypothalamic disease (Table 1.1) usually results in hypopi-
tuitarism. Rarely, activation of the hypothalamic—pituitary
axis can occur. A well-recognized but rare example of this
activation is precocious puberty, which may be associated
with hypothalamic tumors such as neurofibromas, ham-
artomas, and pinealomas. Very rarely, hypothalamic
tumors can produce releasing factors, resulting in pitu-
itary hyperfunction. Acromegaly has been reported

to occur as a result of the hypothalamic production of
growth hormone—releasing hormone (GHRH) from
hypothalamic tumors.? Similarly, Cushing’s syndrome
has been reported in association with the production of
corticotropin-releasing hormone (CRH) by hypothalamic
gangliocytomas.® Hyperprolactinemia is a frequent accom-
paniment of hypothalamic disease, secondary to damage
of the dopaminergic (D2) neurons in the arcuate nucleus.
Diabetes insipidus may complicate hypothalamic disease,
in contrast to primary pituitary disease, where diabetes
insipidus is almost never seen. There are certain clinical
features that are indicative of hypothalamic disease rather
than of pituitary disease. Obesity and hyperphagia pose
major clinical problems for which there is, at present, no
simple solution. Somnolence is also a characteristic feature
that often occurs in conjunction with hyperphagia and
obesity. Thermodysregulation and psychiatric disturbance
can also occur? (Table 1.2).

Pituitary tumors are classified preoperatively in terms
of function and size (Figures 1.2 through 1.5). There are
several ways of classifying pituitary tumor size and inva-
sion. In practice, most clinicians classify tumors on the
basis of MRI or high-resolution computerized tomography
(CT) imaging as grades 1-4 (Table 1.3). Postoperatively,
tumors are routinely classified on the basis of histology
and immunocytochemistry (Figure 1.6). The World
Health Organization (WHO) 2004 classification of
pituitary tumors describes typical adenoma; atypical
adenoma with abnormal morphology: elevated prolif-
erative indices (Ki-67 >3%, >2 mitoses/ 10 high power
fields) and extensive nuclear p53 immunoreactivity; car-
cinoma. Functional classification is now well established
but lacks predictive value’ (Table 1.4). The identification
and application of novel molecular markers is now being



ENDOCRINOLOGY IN CLINICAL PRACTICE

Figure 1.1

Coronal MRI scan (T1-weighted) demonstrating the pituitary gland, hypothalamus, and surrounding struc-
tures; scan a is an enlargement of scan b. LV, lateral ventricle; 3rd V, third ventricle; OC, optic chiasm; PS,
pituitary stalk; ICA, internal carotid artery; CS, cavernous sinus (includes third, fourth, first and second divi-

sions of fifth and sixth cranial nerves).

used to develop a more accurate prognostic classifica-
tion of pituitary tumors, as clinical practice increasingly
moves toward the personalized care of patients.® Pituitary
carcinomas are very rare.’

Unlike hypothalamic disease that is usually mani-
fested by hormone deficiency syndromes, pituitary
tumors present with a wide variety of different features.
In general, pituitary tumors can present with local
pressure effects (Table 1.5), hypopituitarism, and/or
syndromes of hormone excess.

An empty or partially empty sella on pituitary imag-
ing (Figure 1.7) does not necessarily indicate an under-
lying pathology because this finding may represent a
normal anatomical variant. Empty sella may also be
seen in patients after pituitary surgery, radiotherapy,
macroprolactinomas treated with dopamine (DA) ago-
nists, and pituitary apoplexy.

Pituitary apoplexy usually occurs as a result of infarc-
tion of a pituitary tumor. It characteristically presents
with a sudden onset of severe, debilitating headache
that can last for several days, sometimes in association
with cranial nerve lesions and acute onset of visual loss
(Figure 1.8). Occasionally, patients may develop visual
field defects, due to herniation of the optic chiasm into
the fossa (see Chapter 24).

The optic chiasm is normally situated directly
over the pituitary gland (80%), prefixed (15%), and

postfixed (5%). The characteristic early field defect
seen with a symmetrical suprasellar extension imping-
ing on normally located chiasm is a bitemporal superior
quadrantopia (Figure 1.9). This defect is due to the
initial involvement of the decussating fibers originat-
ing from the inferior and nasal retinas. Further tumor
growth involves the upper nasal fibers, with the devel-
opment of the classical bitemporal hemianopia. Other
patterns of visual disturbance are also frequently seen,
depending upon the position of the chiasm and the site
of suprasellar extension (Figure 1.10).

Principles of treatment

Pituitary surgery (see Chapter 3)

Neuroendocrine tumors should be managed in special-
ist centers. The management of these tumors requires
a multidisciplinary approach involving specialists in
endocrinology, neurosurgery, neuroradiology, radiother-
apy, and neuropathology who have a particular interest
in the subject. The cure of a pituitary tumor should aim
for the complete removal of the tumor, with reversal of
associated pressure effects such as visual field defects,
the normalization of abnormal hormone secretion and
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Congenital hypophysiotrophic hormone
deficiencies
Isolated GnRH deficiency (olfactory—genital
syndrome—Kallman’s syndrome)
Isolated TRH deficiency
Isolated GHRH deficiency
Hypothalamic tumors
Craniopharyngioma
Arachnoid cyst
Hamartoma
Gangliocytoma
Glioma
Choristoma
Chordoma
Hypothalamic infiltration
Sarcoidosis
Histiocytosis X
Metastatic disease, e.g., breast
Infection
Tuberculosis
Meningitis
Viral encephalitis
Trauma
Stalk section, e.g., road traffic accident
Direct hypothalamic damage, e.g., surgery
Cranial irradiation
Vascular
Infarct
Aneurysm, subarachnoid hemorrhage
Arteriovenous malformation

GnRH, gonadotrophin-releasing hormone; TRH, thyrotropin-
releasing hormone; GHRH, growth hormone-releasing hormone.

Table 1.1
Classification of hypothalamic diseases.

associated metabolic abnormalities, the reversal of
abnormal pituitary function, or the retention of normal
pituitary function.

Perioperative medical management

(see also Appendix)

Patients undergoing pituitary surgery should be man-
aged jointly by the neurosurgeon and the endocrinologist.

Disorders of food intake
Hyperphagia
Anorexia
Disorders of temperature regulation
Hyperthermia
Hypothermia
Poikilothermia
Disorders of drinking
Adipsia
Compulsive drinking
Disorders of sleep and consciousness
Somnolence
Altered sleeping patterns
Disorders of psychological functioning
Behavioral changes
Altered cognition
Disorders of neurological functioning
Raised intracranial pressure
Epilepsy
Impaired motor function
Impaired sensory function
Impaired autonomic function

Table 1.2
Non-endocrine manifestations of hypothalamic
disease.

Figure 1.2
Coronal MRl scan (T1-weighted) demonstrating a pitu-
itary microadenoma (hypodense area on the right).

[vww.Ebook777.con ’
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Figure 1.3

Coronal MRI scan (T1-weighted) demonstrating a
pituitary macroadenoma with suprasellar exten-
sion, compressing the optic chiasm.
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Figure 1.5
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Figure 1.4

Coronal MRI scan demonstrating an invasive pitu-
itary macroadenoma, extending into the left cavern-
ous sinus, with suprasellar extension.
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MRI scan (T1-weighted) demonstrating a giant invasive macroadenoma. (a) Coronal section. (b) Sagittal

section.

Although some centers elect not to give glucocorticoid
cover to patients with small microadenomas, it is cer-
tainly a safe policy to routinely provide all patients with
perioperative glucocorticoid cover. Patients are frequently
overtreated with glucocorticoids perioperatively, with

consequent attendant risks of hypertension, glucose intol-
erance, poor wound healing, wound infections, and elec-
trolyte disturbances. It is usually unnecessary to provide
anything more than a modest increase in what would
normally be replacement therapy. Patients with Cushing’s



NEUROENDOCRINE DISEASE

Tumor
grade  Tumor size
1 Microadenoma (<1 cm in diameter)
2 Macroadenoma (>1 cm in diameter);
enclosed within sella, no erosion
3 Macroadenoma with enlarged sella
Localized erosion/destruction
Invasive macroadenoma
4 Giant macroadenoma (>4 cm in diameter)
Table 1.3

Imaging classification of pituitary tumor size (see
Figures 1.2-1.5).

syndrome should be treated with a higher dose of gluco-
corticoids than other patients. All patients should receive
routine antibiotic prophylaxis as dictated by local neuro-
surgical preference.

Postoperative diabetes insipidus is not uncommon in
the first 2-3 days in patients who have undergone surgery
for macroadenomas, but in most cases it is transient. This
may be masked if the patient is hypoadrenal. A detailed
fluid balance chart is mandatory. The diagnosis is con-
firmed by the demonstration of polyuria (urine output
>200 mL/h), plasma osmolality (>300 mOsmol/kg), and
inappropriately dilute urine (<150 mOsmol/kg). There
may be evidence of intravascular fluid depletion, with
high-normal plasma sodium and high plasma urea and
creatinine. If treatment is required, the patient should be
given 1 g of desmopressin acetate subcutaneous (s.c.). It
is extremely dangerous for the patient to be given desmo-
pressin without clear documentation of diabetes insipidus.

Ideally, patients should undergo a full endocrine
assessment before discharge from the hospital, or failing
this time frame, within 4—6 weeks of discharge. In the
latter event, the patient should be discharged home on
glucocorticoid replacement therapy.

Medical treatment

Dopaminergic agonists

Dopaminergic (D2) agonists are the first-line treatment
of choice for prolactinomas.® They may also be used in
acromegaly.’ The first D2 agonist that became available
was the ergot bromocriptine. A major side effect of bro-
mocriptine is nausea and vomiting. Postural hypoten-
sion is a less frequent problem. Psychiatric complications
occur very rarely, but they can be extremely serious'®
(Table 1.6).2 Most patients can tolerate bromocriptine

if it is commenced as a small dose (1-2.5 mg) last thing
at night with a snack. To minimize the postural effect,
the patient should be instructed not to get up out of
bed on the first night. After three nights, the bedtime
dose can be doubled; thereafter, the total dose can be
slowly increased according to tolerance, by starting
doses with breakfast and then later with lunch. If this
approach is done slowly, the majority of patients will be
able to tolerate bromocriptine given in split doses, three
times daily. Some patients may be controlled on twice-
or once-daily doses. Therapeutic dosages are usually in
the region of 2.5-15 mg/day. There remains, however,
a small group of approximately 10%—-15% of patients
who have genuine intolerance to oral bromocriptine.

Quinagolide is a nonergot that can be administered
orally once or twice a week. The usual starting dose
as provided in the manufacturer’s “starting pack” is
25 Ug/day for the first 3 days, 50 Ug/day for the next
3 days, and then 75 {lg/day. The usual maintenance dose
is between 75 and 150 pg/day.

Cabergoline is a D2 agonist with a more prolonged
duration of action. It has improved tolerability and effi-
cacy compared with other D2 agonists, and it is the
recommended D2 agonist of choice by the Endocrine
Society.!'™? It is usually administered as a once- or
twice-weekly dose, although it can be given more fre-
quently, up to daily, if necessary. The usual starting dose
is 0.25 mg, with the dose being titrated as necessary.
Most patients can be controlled on between 0.25 and
0.5 mg twice weekly. Some patients may require total
doses of over 4.5 mg weekly.

The Endocrine Society recommends that women
with prolactinomas discontinue D2 agonist therapy as
soon as they discover that they are pregnant.’® There
may, however, be situations where treatment needs to
be continued. There are currently no data available to
suggest that D2 agonist therapy is teratogenic. The
most extensive safety data available are for bromocrip-
tine.'*"> There are more limited safety data available for
cabergoline.'

Treatment of patients with Parkinson’s disease with
high doses of cabergoline (=3 mg daily) has been shown
to be associated with an increased risk of valvular
fibrosis and moderate-to-severe valvular regurgitation.
This response is due to agonist activity at the 5-HT2b
receptor. These doses are much higher than those rou-
tinely used in the management of prolactinomas or
acromegaly. Current published data are largely from
cross-sectional studies.!>" Presently, the consensus
is that there is no increased risk of valvulopathy with
the typical doses of 1-2 mg/week, but definitive risk
assessment requires the results of long-term prospective
follow-up with large cohorts of patients.
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Figure 1.6

(a) Normal adenohypophysis; hematoxylin and eosin stain. (b) Adenohypophysis demonstrating normal
reticulin patterning. (c) Pituitary adenoma,; hematoxylin and eosin stain. (d) Pituitary adenoma demonstrat-
ing disruption of reticulin patterning. (e) Prolactinoma demonstrating immunostaining for prolactin.
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Tumor type

Transcription factors

Hormones, others

Somatotroph adenoma

e Densely granulated Pit-1

e Sparsely granulated Pit-1

e Mammosomatotroph/mixed adenoma Pit-1, ER
Lactotroph adenoma

e Sparsely granulated Pit-1, ER

* Densely granulated Pit-1, ER

e Acidophil stem cell Pit-1 ER

Thyrotroph

Plurihormonal

Corticotroph adenoma

Gonadotroph adenoma
Hormone-negative/null cell adenoma
Unusual plurihormonal adenoma

Tpit

None
Multiple

Pit-1, TEF, GATA-2
Pit-1, ER, TEF, GATA-2

SF-1, ER, GATA-2

GH, a-subunit
GH, keratin whorls (fibrous bodies)
GH, PRL, a-subunit

PRL, Golgi pattern
PRL, diffuse cytoplasmic
PRL, GH, keratin whorls (fibrous bodies)

B-TSH, a-subunit

GH, PRL, B-TSH, a-subunit
ACTH, keratins

B-FSH, B-LH, a-subunit
None

Multiple

Source: Al-Shraim M, Asa SL, Acta Neuropathol, 111, 1-7, 2006. With permission.
ER, estrogen receptor; GH, growth hormone; PRL, prolactin; TEF, thyrotroph embryonic factor; TSH, thyroid-stimulating hormone; ACTH,
adrenocorticotropic hormone; FSH, follicle-stimulating hormone; LH, luteinizing hormone; SF, steroidogenic factor.

Table 1.4

Classification of pituitary adenomas by cytodifferentiation.

Headache—dural stretching, sudden bleed, or infarction

Visual field defect (see Figure 1.10)
CSF rhinorrhea

Cavernous sinus invasion—cranial nerve palsies: 3rd, 4th, 5th (ophthalmic and mandibular divisions), 6th

Hydrocephalus
Epilepsy—temporal lobe invasion
Facial pain—invasion of maxillary, sphenoid sinuses

Table 1.5
Local complications of pituitary tumors.

Somatostatin analogs

Somatostatin (SS) analogs provide a means for the med-
ical management of somatotroph adenomas. They are
also efficacious in several other endocrine conditions'®
(Table 1.7). Five G-protein-linked human SS recep-
tors (SST1-5) have been cloned. SS analogs bind
to the SST2, 3, and 5.1 SS receptors 2 and 5 are the
principal mediators of the actions of SS analogs in
the inhibition of growth hormone (GH) secretion in
somatotroph adenomas. In addition to the inhibition of
hormone release, SS analogs produce a variable degree
of shrinkage of somatotroph adenomas.?® They are also

effective in thyrotropin-secreting pituitary adenomas
(TSH-omas).

The presence of SST2 and 5 in wivo can be dem-
onstrated using SST scintigraphy with !''In-labeled
pentetreotide®! (Figure 1.11). Positive SST scintigraphy,
however, does not necessarily indicate sensitivity of
pituitary tumors to SS analog therapy.?

Octreotide is a short-acting SS analog that needs
to be given by s.c. injection three to four times daily.!®
A usual starting dose is 100 [lg three times daily and
can be titrated upward as necessary. Most acrome-
galic patients can be managed with total daily doses
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Figure 1.7

Sagittal MRI scan (T1-weighted) demonstrating an
empty sella. Note the herniation of cerebrospinal
fluid (CSF) into the fossa.

Figure 1.8

Coronal MRI scan (T1-weighted) demonstrating
pituitary apoplexy. Note the high signal, indicative
of hemorrhage.

210

Figure 1.9

318

Goldman perimetry demonstrating a bitemporal superior quadrantopia.

of 600 g or less. Unlike functioning neuroendocrine
tumors, tachyphylaxis does not occur. The depot prep-
arations of the SS analogs octreotide and lanreotide
are now most widely used (Figure 1.12). Octreotide
LAR (long-acting repeatable octreotide) consists of
an octreotide-impregnated biodegradable polymer
matrix, which is given by intramuscular (i.m.) injec-
tion monthly. The starting dose is 10 mg i.m. and may
be increased to 20 and 30 mg i.m. or to 2 x 20 mg i.m.
injections monthly.?

There are two lanreotide formulations. Lanreotide
LA consists of copolymer microparticles in a 30 mg
dose. It is initially given by i.m. injection every 14 days,
with adjustment of dosage every 7-10 days, if neces-
sary, to obtain therapeutic control. Lanreotide Autogel
(lanreotide Depot in the USA) is an aqueous micropar-
ticle formulation in a prefilled syringe. It is available in
three doses: 60, 90, and 120 mg. It is administered by
deep s.c. injection.?* An important advantage of lanreo-
tide Autogel is the potential for the patient to self-inject.
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Anterior

Site of lesion Visual field/acuity

1. Optic nerve Ipsilateral reduced
acuity/blindness
Optic atrophy with
long-standing lesion

2. Optic nerve/chiasm Ipsilateral scotoma

(junctional syndrome)  with reduced acuity
Contralateral temporal
hemianopia

3. Optic chiasm Bitemporal
hemianopia
Superior bitemporal
quadrantopia

4. Posterior chiasm Bitemporal scotoma
5. Optic tract Homonymous
hemianopia

Posterior

Figure 1.10

Classical visual disturbances produced by pituitary tumors. Solid line, uncrossed temporal fibers; dashed
line, superior nasal fibers; dotted line, inferior nasal fibers. The sites of the lesions are indicated by the num-
bers. (Modified from Melen O, Neuro-ophthalmic Features of Pituitary Tumors. In: Moiltch ME (ed), Pituitary
Tumors: Diagnosis and Management. Endocrinol Metab Clin North Am 1987; 16:585-608. With permission.)

Nausea and vomiting ~60%
Postural hypotension ~25%
Constipation ~10%
Dry mouth Somatotroph adenoma
Abdominal pain, dyspepsia Thyrotroph adenoma
Flushing Nonfunctioning pituitary adenoma (rarely)
Nasal congestion Medullary carcinoma of thyroid
Headache Neuroendocrine tumors
Leg cramps Functioning carcinoid
Fatigue, weakness Nonfunctioning midgut (tumor stabilization)
Psychiatric Pancreatic
Pleuro-pulmonary Gastrinoma
Digital vasospasm Insulinoma
Hypertension Glucagonoma
Thromboembolic events, particularly postpartum Somatostatinoma
Vipoma
Source: Verhelst J et al., J Clin Endocrinol Metab 84, 2518- Polypeptidoma (PPoma)
22, 1999.
Table 1.7
Table 1.6 Endocrine tumors responsive to somatostatin

Side effects of DA agonists. analogs.
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Figure 1.11

Pituitary thyrotroph adenoma demonstrating bind-
ing of "In pentetreotide. The patient has a goiter
and is thyrotoxic, as evidenced by the binding of
""In pentetreotide by the thyroid.

Somatostatin
Ala-Gly-Cys-Lys-Asn-Phe-Phe-Trp-Lys-Thr-Phe-Thr-Ser-Cys

Octreotide
Dphe-Cys-Phe-DTrp-Lys-Thr-Cys-Thr-ol

Lanreotide
DBNal-Cys-Tyr-DTrp-Lys-Val-Cys-Thr-NH,

Figure 1.12
Amino acid sequences of somatostatin-14, octreo-
tide, and lanreotide.

Most patients are treated by dose escalation to an opti-
mized dose for therapeutic control. In addition, Autogel
has extended injection interval on its label, enabling
the injections to be spaced out up to 6-8 weeks in
well-controlled patients.”> A new injection pen is now
available that incorporates a needle guard.

Side effects to SS analogs occur in about 30% of
patients. The most frequent acute side effect is abdomi-
nal colic. This condition may be associated with diarrhea,
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steatorrhea, and flatulence. These symptoms usually dis-
appear after 10—14 days of treatment. SS inhibits insulin
secretion, but this effect is not usually of clinical rele-
vance in terms of glucose tolerance. Although SS analogs
can be effective in the treatment of insulinomas, they
may be hazardous in this situation, producing paradoxi-
cal worsening of hypoglycemia by the inhibition of glu-
cagon secretion. A longer term problem is cholelithiasis,
occurring in 20%—-30% of patients, due to the inhibi-
tion of gall bladder and intestinal motility, inhibition
of cholecystokinin, and increased production of deoxy-
cholic acid.'® The development of gallstones is usually
asymptomatic but can sometimes be clinically relevant,
requiring medical therapy with chenodeoxycholic acid or
ursodeoxycholic acid, or cholecystectomy. The presence
of uncomplicated gallstones or their development dur-
ing treatment is not a contraindication to therapy. All
patients should, however, have an ultrasound scan of the
gall bladder carried out before initiating treatment, and
periodically thereafter.

There are many hybrid formulations of octreotide
LAR and biosimilar long-acting formulations in devel-
opment that are likely to reach the clinic in the near
future. Over a longer time frame, oral and transdermal
formulations may become available.

Pasireotide is a multi receptor-targeted agonist with
highaffinity for SST1-3 and, in particular, for SSTS. Unlike
conventional SS analogs, pasireotide does not induce inter-
nalization of SST2. Hyperglycemia is a frequent side effect
with pasireotide, due to its high affinity for SST5.2*’

A novel concept is that of SS-DA chimeric mol-
ecules. Chimeric molecules have been shown to have
markedly increased potency and efficacy compared with
octreotide or octreotide combined with a DA analog
in somatotroph adenoma cells 7z vitro.?® The chimeric
molecule BIM23A760 has been tested in normal human
volunteers and in patients with acromegaly. It has been
shown to be safe and to inhibit GH and insulin-like
growth factor I (IGF-I) levels. New chimeric analogs are
currently in development for clinical testing.

Pegvisomant

Pegvisomant is a pegylated recombinant 191 amino acid
analog of human GH. It has eight mutations at site 1
that increase binding to the GH receptor. It has a fur-
ther mutation at site 2 that inhibits binding to the GH
receptor. As a result, the molecule acts as a competitive
GH receptor antagonist by inhibiting receptor dimer-
ization.” Pegylation of four or five moieties results in
an increased half-life of 72 h, with reduced immuno-
genicity. The drug is given by s.c. injection. It is indi-
cated for the treatment of acromegaly. Treatment with
10-30 mg daily has resulted in the normalization of
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IGF-I in >90% of patients in clinical trials.®*! The fall
in IGF-I is mirrored by similar reductions in serum IGF-
binding protein-3 (IGFBP-3) and acid-labile subunit
(ALS). In contrast, however, serum GH levels more than
double.*® The drug is well tolerated, with dose-related
improvements in symptomatic and metabolic param-
eters. In particular, in contrast to SS analogs, glucose
homeostasis tends to improve. Unlike SS and DA ana-
logs, the drug does not target the somatotroph adenoma.
Although there have been concerns about the possibility
of tumor growth with pegvisomant, there is no evidence
of this response at present. Hepatotoxicity has been
reported in patients treated with pegvisomant, usually in
the form of elevated transaminases. These levels frequently
return to normal, even if treatment is continued. A direct
causal relationship has however been demonstrated in a
few patients on rechallenging with pegvisomant. In the
ACROSTUDY observational registry, the frequency of
abnormal liver function tests 23 times the upper limit
of normal was 2.5%. In consequence, all patients treated
with pegvisomant should be regularly monitored. Local
injection site reactions, including lipohypertrophy, are
occasional complications.*?

Temozolomide

There have been recent reports of aggressive pituitary
tumors and carcinomas that have been refractory to con-
ventional therapies, demonstrating tumor shrinkage and
reduced hormone secretion in response to treatment with
temozolamide. Temozolamide is an alkylating chemother-
apeutic agent used in the treatment of glioblastoma multi-
forme. It is administered orally in a cyclical regimen. Low
expression of the DNA repair enzyme 06-methylguanine
DNA methyltransferase (MGMT) has been shown to cor-
relate with tumor response to treatment. The relationship
of MGMT expression and promoter methylation in pitu-
itary tumors to treatment response, however, is unclear.”®
Efficacy has been reported in 24/40 (60%) of the cases,
although relapse usually occurs. It is generally well toler-
ated. Fatigue is common, and hemotological toxicity may
occur, requiring dose reduction or drug withdrawal.

New targeted therapies

Chemotherapy has been largely disappointing in the
management of pituitary carcinomas. The identifica-
tion of new molecular targets for the medical treatment
of aggressive pituitary tumors is an area of interest
for many research groups. The mammalian target of
rapamycin (mMTOR) signaling pathway has a central role
in the control of cell proliferation. The mTOR inhibitor
everolimus inhibits pituitary cell proliferation and is
the subject of ongoing clinical trials in patients with
aggressive pituitary tumors.

Radiotherapy (see Chapter 4)

Conventional radiotherapy is now used much more
sparingly than in the past. It is usually reserved for
control of tumor growth rather than secretion. It has a
slow onset of action and is associated with the develop-
ment of hypopituitarism and other sequelae. In some
centers, stereotaxic radiotherapy, delivering a single dose
of irradiation (gamma knife, LINAC, proton beam), is
being increasingly used.

Hypopituitarism
(see Chapter 5)

Hypopituitarism is one of the most frequent clinical
problems in neuroendocrinology. It may occur de novo,
or as a secondary event, most often as a result of sur-
gery and/or radiotherapy (Table 1.8). Several relatively

Hypothalamic
Craniopharyngioma
Sarcoidosis
Histiocytosis X
Glioma
Metastatic disease, e.g., breast cancer
Radiotherapy
Trauma
Infection, e.g., tuberculosis, mycoses, syphilis,
toxoplasmosis, Whipple's disease
Genetic, e.g., septo-optic dysplasia
Infiltrative/invasive, e.g., meningioma,
chordoma, dysgerminoma

Pituitary
Pituitary tumor
Pituitary apoplexy
Sheehan’s syndrome
Empty sella syndrome
Lymphocytic hypophysitis
Surgery
Radiotherapy
Genetic, e.g., inactivating mutations of POU-1
and PROP-1

Table 1.8
Causes of hypopituitarism.
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small, retrospective studies have demonstrated an
association between hypopituitarism and reduced life
expectancy.>*37 There has been a particular association
found with vascular disease in all but one of these stud-
ies. A large retrospective study of 2279 patients with
presumed nonfunctioning pituitary adenomas included
in the Swedish Cancer Registry (1958-1991) found an
increased standardized mortality ratio (SMR) of 2.0.
The SMR was higher in women. Cardiovascular and
cerebrovascular diseases were the most common causes
of mortality. Although endocrine data were not avail-
able, it was assumed that the majority of these patients
were hypopituitary.’® A prospective study of 1014 U.K.
patients between 1992 and 2000 with a diagnosis of
hypopituitarism (111 patients underwent dynamic test-
ing) confirmed an increase in mortality (SMR 1.87),
with an increased mortality in women (SMR 2.29)
compared with men (SMR 1.57). Craniopharyngioma,
in particular, was shown to have a relatively poor
prognosis (SMR 9.28). The excess mortality was associ-
ated with vascular and respiratory causes.”” The causes
of increased mortality in hypopituitarism are likely to
be multifactorial, in part dependent upon the under-
lying pathology, previous radiotherapy, and adequacy
of pituitary hormone replacement therapy. Growth
hormone deficiency (GHD), in particular, with its asso-
ciated cardiovascular risk factors, has been considered
to be relevant, but an unequivocal association has yet to
be demonstrated.

Hypopituitarism classically develops in the sequen-
tial manner GH > luteinizing hormone (LH)/follicle-
stimulating hormone (FSH) > adrenocorticotropic
hormone (ACTH) >TSH.® Prolactin deficiency is usu-
ally a late event and does not appear to be of clinical sig-
nificance, except in women who want to breastfeed. The
developmental sequence of hormone deficiency can vary,
although it is true to say that in pituitary adenomas, GH
is almost invariably affected first. Diabetes insipidus is
not associated with pituitary adenomas. It is a frequent
transient phenomenon after pituitary surgery and may
become permanent. De novo central diabetes insipidus is
typically associated with hypothalamic disease or other
pathologies, such as lymphocytic hypophysitis.

Hypopituitary patients who present de novo often give
a preceding history of severe lethargy and weakness that
may have been present over many years. Premenopausal
women are more likely to present earlier than men due to
the development of secondary amenorrhea. Male patients
may or may not volunteer a history of erectile dysfunc-
tion and loss of libido, but these symptoms are usually
described on direct questioning. Patients may describe a
loss of axillary and pubic hair. Male patients also loose
body hair, and facial hair growth diminishes. In severe
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cases, patients develop additional symptoms of hypo-
thyroidism, such as cold intolerance. Osteoporosis may
result in the development of fractures. Ischemic heart
disease frequently develops. Often, patients are unable to
participate in normal daily activities and work.

Clinical examination may appear to be unremarkable,
particularly in women. On closer inspection, however,
most patients will have a smooth, sallow facial appearance
and thin skin. Male patients, in particular, develop the
classical appearance with loss of facial hair. Most patients
will have a diminution or loss of axillary and pubic hair
(Figure 1.13). Profoundly hypopituitary patients may be
hypotensive with cold skin and delayed tendon reflexes.
Because of its insidious development, hypopituitarism
is frequently missed and this oversight may have very
serious consequences for the patient. Hypopituitarism
is particularly likely to be missed in male patients with
nonfunctioning pituitary tumors and prolactinomas. It is
important to enquire about the sudden onset of what is
often an extremely severe headache, suggesting pituitary
apoplexy*! (Figure 1.8) (see Chapter 24). In these circum-
stances, the patient will often describe the acute onset of
symptoms after the event. Similarly, the onset of a severe
headache in the peripartum period, followed by failure
of lactation, should suggest the possibility of Sheehan’s
syndrome.*?

The most frequent causes of hypopituitarism are
pituitary surgery and hypothalamic—pituitary irra-
diation. These causes are predictable and should be
detected early with specialist follow-up. It is uncom-
mon for radiotherapy to result in the development of
clinically significant hypopituitarism earlier than 1 year
after treatment. All patients should have a full pituitary
assessment immediately after pituitary surgery. Patients
who receive radiotherapy should have baseline endocri-
nology checked at 6 months posttreatment, followed by
a full pituitary assessment at 1 year, and regular peri-
odic assessments thereafter.

Differential diagnosis of
suprasellar and sellar tumors

There is a large differential diagnosis for both supra-
sellar and sellar tumors® (Table 1.9). In practice, the
majority of sellar tumors are pituitary adenomas.
Probably the most important pathology to consider
in the differential diagnosis of space-occupying
lesions in this area is an aneurysm. Aneurysms can
mimic large pituitary adenomas. If there is any doubt
about the diagnosis, magnetic resonance (MR) angi-
ography or conventional carotid angiography should
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Figure 1.13

E‘

Patient with panhypopituitarism secondary to a macroprolactinoma.

be performed. The presence of diabetes insipidus
should raise the likelihood of a different pathology to
a pituitary adenoma.

Lympbhocytic bypophysitis

Autoimmune (lymphocytic) hypophysitis* (Figure 1.14)
is a chronic inflammatory condition that affects the
anterior pituitary, posterior pituitary, or both. It has an
estimated prevalence of about 9 per million. Isolated
involvement of the anterior pituitary has a striking
predilection for young females (female:male ratio 6:1),
particularly in late pregnancy or in the postpartum
period. Involvement of both the anterior and the pos-
terior pituitary occurs about twice as commonly in
females, whereas involvement of the pituitary stalk and
posterior pituitary (infundibular neurohypophysitis)
appears to affect males and females equally. It typically
presents with headache, suprasellar pituitary mass, and
hypopituitarism. Unlike pituitary adenomas, ACTH
secretion is usually affected first, followed by TSH,
LH, FSH, and GH and prolactin. Visual field defects

are common. Diabetes insipidus occurs with involve-
ment of the posterior pituitary and may be associated
with thickening of the pituitary stalk on MRI. Failure
of lactation may occur in the postpartum period. Less
commonly, hyperprolactinemia may occur, as with other
large pituitary tumors, presumably at least in part, due
to stalk compression. An important differential diag-
nosis in the postpartum period is Sheehan’s syndrome*?
and granulomatous conditions such as histiocytosis X
and sarcoidosis (Figure 1.15). A definitive diagnosis can
only be made by biopsy. If the diagnosis is considered
to be a possibility and the patient is not at risk from
compressive symptoms, then a conservative approach
should be adopted, as in some patients the endocrine
dysfunction is only transient. High-dose glucocorticoids
may be considered in some cases, if interventional ther-
apy is deemed to be necessary.

There is an association between autoimmune hypoph-
ysitis and other autoimmune conditions, such as autoim-
mune thyroid disease (AITD).* Circulating antipituitary
antibodies occur in autoimmune hypophysitis and in
other autoimmune conditions, but their sensitivity and
specificity are poor.

13



ENDOCRINOLOGY IN CLINICAL PRACTICE

Embryological cell rests
Craniopharyngioma
Rathke's cleft cyst
Chordoma
Germ cell tumors
Germinoma
Dermoid
Teratoma
Pinealoma
Other tumors
Optic nerve glioma
Oligodendroglioma
Astrocytoma
Ependymoma
Meningioma
Vascular
Aneurysm
Angioma
A-V malformation
Inflammatory
Sarcoidosis
Wegener’s granulomatosis
Langerhan’s cell histiocytosis
Autoimmune hypophysitis
Lymphocytic adenohypophysitis
Lymphocytic infundibuloneurohypophysitis
Lymphocytic panhypophysitis
Infectious diseases
Tuberculosis
Abscess
Metastatic (e.g., breast, bronchus)
Miscellaneous
Arachnoid cyst
Sphenoid sinus mucocele

Table 1.9
Differential diagnosis of sellar and suprasellar
lesions from pituitary adenomas.

There are many possible diagnoses to be considered
with suprasellar lesions. Craniopharyngiomas, menin-
giomas (Figures 1.16 and 1.17), and optic gliomas are
the most common lesions that are likely to come to the
attention of the endocrinologist.
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Craniopharyngioma

Craniopharyngiomas?® are rare embryological remnants,

arising from the path of the craniopharyngeal duct. They
account for ~10% of childhood intracranial
tumors. There is a bimodal distribution, with peak
incidences between 5 and 14 years and between 50
and 74 years. Two main histological subtypes have
been described: adamantinomatous and papillary.
The adamantinomatous subtype occurs at all ages and
is the most common subtype in young patients. It is
associated with mutations in the O-catenin gene and
activation of the Wnt pathway. The tumors have cystic
and solid components, with fibrous tissue, calcifica-
tion, and necrotic debris. The content may be viscous,
often described as being like engine oil, or more fluid,
rich in cholesterol crystals. The epithelium consists
of keratinized squamous cells. The tumors are often
invasive. In contrast, the papillary subtype almost
exclusively occurs in adults. It consists of mature
squamous epithelium, with solid and cystic compo-
nents. The cyst fluid is usually viscous. Calcification is
uncommon. Papillary tumors tend to be less invasive
than the adamantinomatous subtype. Calcification in
craniopharyngiomas gives rise to typical appearances on
CT scan (Figure 1.17). Calcification can also occasionally
occur in pituitary tumors. Rathke’s cleft cysts are usu-
ally small and asymptomatic, but they may present
with similar features to craniopharyngiomas, although
calcification is not a feature. Craniopharyngiomas are
frequently adherent to surrounding structures and can
give rise to problems during surgical removal. They
are associated with a significant morbidity and mor-
tality. They can have aggressive growth character-
istics and tend to recur. A progression rate of ~60%
has been reported in patients with residual tumor on
imaging, compared with ~20% recurrence in patients
who have not. Recurrence was also found to be asso-
ciated with male sex, intracranial hypertension, onset
in childhood before the age of 10 years, and surgery
using the pterional approach.*’ Patients usually present
with features of hypopituitarism, frequently in associa-
tion with visual field defects. In children, there is the
additional problem of growth failure. Unlike pituitary
tumors, diabetes insipidus may also be present. Rarely,
patients may also be adipsic, resulting in serious man-
agement problems. Large craniopharyngiomas may
be associated with headaches and raised intracranial
pressure. They are usually clearly suprasellar in their
localization, but occasionally they may be intrasellar,
mimicking pituitary tumors. Craniopharyngiomas
elaborate B-human chorionic gonadotrophin (3-HCG)
in the cyst fluid. This gonadotrophin is present in high
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Figure 1.14

MRI scan (T1-weighted) of lymphocytic hypophysitis. (a) Coronal section demonstrating homogenous
enhancement of the pituitary mass with gadolinium, with suprasellar extension. Note the thickening of the
pituitary stalk. (b) Sagittal section demonstrating tongue-like extension of the enhancing tissue along the
base of the hypothalamus. This extension is typically seen in granulomatous disease and in lymphocytic
hypophysitis.

Figure 1.15
Coronal MRI scan (T1-weighted) of pituitary sar-  Figure 1.16

coidosis. Note the thickening of the pituitary stalk, ~ Coronal MRI scan (T1-weighted) demonstrating a
with enhancing tissue extending along the base of  |eft-sided suprasellar meningioma.

the hypothalamus.
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Figure 1.17

Axial CT scan of a craniopharyngioma. There is a
central hypodense mass with a surrounding ring
of calcification. There is associated hydrocephalus
and effacement of the brain, indicative of raised
intracranial pressure.

concentrations and provides a useful diagnostic marker.
Occasionally, the B-HCG may also be measurable in the
cerebrospinal fluid (CSF).%®

The treatment of choice is surgical excision. This
excision often needs to be carried out using a transcranial
approach. Incomplete removal is frequent, particularly if
the tumor is closely adherent to surrounding structures.
Radiotherapy reduces tumor recurrence and should be
considered in such patients. Stereotactic radiosurgery
may be considered for small lesions, well-delineated sur-
gical remnants, or recurrences. Some tumors continue
to grow in spite of surgery and radiotherapy. In addi-
tion, cystic fluid reaccumulation can be a recurrent
problem. In this situation, a reservoir can be implanted
to facilitate repeated cyst aspiration. Persistently raised
intracranial pressure may require ventricular shunt-
ing. Other approaches to deal with recurrent disease
include intracystic implantation of a B-emitting radio-
active source and the use of cytotoxic substances, such
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as alcohol, during surgery in an attempt to destroy the
cyst lining. In spite of these measures, a small number
of craniopharyngiomas continue to grow and are ulti-
mately fatal.

Prevalence of pituitary
adenomas

Recent data have demonstrated a higher prevalence of
clinically relevant pituitary adenomas than had been
previously reported.® A cross-sectional study in Liege,
Belgium, has reported an overall prevalence of 94 + 19.3
per 100,000. The mean age at diagnosis was 40.3 years.
Macroadenomas comprised 43% of adenomas. The most
common tumor was prolactinoma (66%), of which 80%
were microadenomas occurring in females’® A subse-
quent cross-sectional study in the United Kingdom has
confirmed this finding, with an overall prevalence of
77.6 per 100,000. The mean age of diagnosis was 37
years. The distribution of pituitary adenomas was also
confirmed. The proportion and prevalence per 100,000
of each subtype were, respectively, prolactinoma, 44
(57%); nonfunctioning pituitary adenoma (NFPA), 22.2
(28%); somatotroph adenoma, 8.6 (11%); corticotroph
adenoma 1.2 (2%); and unknown functional status, 1.2
(2%). The marked female preponderance in prolactino-
mas was confirmed, with 89% occurring in females and
81% being microadenomas.’® Part of the reasons for the
higher reported prevalences in these recent studies can
be explained by the systematic methodologies followed
in well-defined populations, together with an increasing
awareness of pituitary disease in primary care and in the
general population.

Incidental pituitary adenomas are sometimes detected
on imaging studies that are carried out for unrelated rea-
sons. Guidelines for the management of pituitary inciden-
talomas have recently been published by the Endocrine
Society.”?

Most pituitary tumors are sporadic. They may how-
ever occur as part of familial syndromes such as multi-
ple endocrine neoplasia type 1 (MENT1) (see Chapter 9),
Carney complex, and the more recently identified famil-
ial isolated pituitary adenomas (FIPAs) (see Chapter 2).%

Non-functioning pituitary
adenomas

Non-functioning pituitary adenomas form part of a
spectrum of phenotypes, ranging from the truly null
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cell adenoma to the gonadotrophinoma that may be
associated with elevated serum gonadotrophin levels.
As such, NFPAs and gonadotrophinomas are almost
certainly derived from the same gonadotroph cell lin-
eage. The majority of NFPAs express mRNA, immu-
nostain, or both for glycoprotein hormone subunits.
Similarly, a majority will secrete one or more of these
subunits 7z vitro. Gonadotrophinomas secrete intact
FSH more frequently than LH, which may be biologi-
cally active. More commonly, tumors secrete biologi-
cally inactive 3-subunits. In addition, paradoxical LH[3
and FSHf} responses to thyrotropin-releasing hormone
(TRH) are present in a large proportion of these tumors.
There is often associated hypersecretion of glycoprotein
hormone O-subunit. A proportion of NFPAs secrete
o-subunit alone.>

Unlike other types of pituitary tumors, most
NFPAs and gonadotrophinomas present with pres-
sure symptoms, hypopituitarism, or both, rather than
with clinical syndromes related to hormone hyperse-
cretion. Impaired visual acuity and visual field defects
are common presenting symptoms.*’ Occasionally, they
may be associated with clinical evidence of gonadotro-
phin hypersecretion.” Macroadenomas are frequently
associated with hyperprolactinemia due to stalk com-
pression>® Consequently, they may be mistaken for
prolactinomas and vice versa. Any patient presenting as
an emergency with visual disturbance must have serum
prolactin measured as a matter of urgency.

It is important that the rare, but highly aggressive,
“silent corticotroph adenoma” is not misdiagnosed as
NFPA at this stage. These tumors may be associated
with elevated serum ACTH levels, but no clinical
or biochemical evidence of hypercortisolemia. They
tend to have aggressive growth characteristics and
may present at a later stage with clinical Cushing’s
syndrome.’’>8

NFPAs are frequently invasive, with extension into
the cavernous sinuses. As such, they present a particu-
lar challenge to the surgeon. The standard treatment
for NFPAs is transsphenoidal surgery. Visual impair-
ment can be expected to improve in the majority of
patients who undergo surgery within a year of the
onset of symptoms.“’ A recent study has demonstrated
improved surgical outcome at 1 year, after endoscopic
surgery, compared with conventional microscopic sur-
gery.”” The problem is that even with good surgical
clearance, there is a high recurrence rate. This high
rate may in part be due to dural invasion, microscopic
evidence of which has been demonstrated in 88% of
intrasellar macroadenomas and in 94% of suprasel-
lar tumors.®® A recent retrospective review of 155
patients in Oxford, United Kingdom, who underwent
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Figure 1.18

Relapse rates with three subgroups of patients
according to post-operative scan classification.
(From Reddy R et al., Eur J Endocrinol 165, 739-44,
2011. With permission.)

surgical treatment between 1984 and 2007 demon-
strated relapse rates of 23%, 47%, and 68% at 5,
10, and 15 years, respectively, indicating the need
for prolonged follow-up. Recurrence rates were
higher in patients with visible residual tumor after
surgery and in younger patients® (Figure 1.18).
Radiotherapy reduces tumor recurrence after surgery
and may be considered for patients at high risk of
recurrence.®?

The abnormal secretion of gonadotrophins or their
glycoprotein subunits provides a useful additional
means of monitoring individual tumor responses
to treatment. Medical therapy of these tumors is
largely ineffective. Tumors often express DA recep-
tors, and there are case reports of patients who
have responded to DA analogs.”® Similarly, tumors
frequently express SS receptors as demonstrated by
radiolabeled scintigraphy. As for DA analogs, there
have been case reports of patients demonstrating
variable responses to SS analogs.®® Ophthalmologic
responses are sometimes seen in patients without
observable effects on tumor size, suggesting that SS
analogs may be acting on the optic pathways through
different mechanisms.® Analogs of gonadotropin-
releasing hormone (GnRH) have been found to be
unhelpful and may, in fact, stimulate glycoprotein
production by tumors.®

The development of an effective, safe, and well-
tolerated antiproliferative medical therapy for NFPAs
is one of the major challenges in pituitary disease.
The availability of such a therapeutic option would
dramatically change the treatment paradigm for these
patients.
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Thyrotropin-secreting
pituitary adenomas

TSH-omas (see Chapter 14) are very rare, accounting
for ~1% of pituitary adenomas. They may be plurihor-
monal, secreting TSH alone (72%) or cosecreting GH
(16%) and prolactin (119%).” These tumors are charac-
teristically large and invasive. Patients may present with
local pressure effects, symptoms of thyrotoxicosis, or
both. There may be an associated diffuse goiter. Unlike
primary hyperthyroidism, thyroid function tests dem-
onstrate elevated levels of thyroid hormones in associa-
tion with inappropriately normal or elevated serum TSH
levels. Thyrotropin-secreting adenomas characteristi-
cally secrete glycoprotein O-subunit, with an elevated
molar O-subunit to TSH ratio of >1 (0t-subunit pg/L +
TSH mU/L x 10).°® An important differential diagnosis
is the syndrome of thyroid hormone resistance.

Surgery is the treatment of choice for TSH-omas. Due
to the size and invasiveness of many of these tumors,
complete resection can be difficult. These tumors typi-
cally express SST (Figure 1.11). Patients who cannot
undergo surgery or who are not cured by surgery can
be offered SS analog therapy. Most patients will demon-
strate a reduction in TSH levels, and levels will normal-
ize in the majority of patients. About 50% of patients
demonstrate a variable degree of tumor shrinkage.
Radiotherapy should be considered for invasive tumors.

Hyperprolactinemia

Hyperprolactinemia is a common clinical problem.
Several different types of clinicians are likely to see
patients with hyperprolactinemia, including primary
care physicians, urogenital physicians, urologists,
obstetricians and gynecologists, and endocrinologists.
A guiding principle is that any patient with hyperpro-
lactinemia should be fully investigated by a specialist
endocrinologist. Clinical and treatment guidelines have
been published recently by the Endocrine Society."”

Clinical features of
hyperprolactinemia

The most frequent pathological cause of hyperprolac-
tinemia is the microprolactinoma. Most microprolactino-
mas remain small. Microprolactinomas typically occur
in young women of reproductive age.””’° The commonest
presentations are oligomenorrhea or amenorrhea. Some
patients present with infertility. There may be associated
symptoms of estrogen deficiency. Galactorrhea has been

reported as having a variable prevalence of 30% upward.
It is important to realize, however, that galactorrhea
per se is not necessarily indicative of hyperprolactinemia.

Although microprolactinomas occur in males, they
are less common than in women; most patients present
with macroprolactinomas.

Hyperprolactinemia in males tends to present more
insidiously than in females, with a reduction in libido
and associated erectile dysfunction.’!’? The patient
develops clinical features of hypogonadism. Infertility
is a presenting problem in about 10% of patients.
Galactorrhea occurs occasionally.

Macroprolactinomas behave quite differently from
microprolactinomas. These tumors usually grow, and
a small proportion demonstrate aggressive growth
characteristics, particularly in males. Apart from the
effects of hyperprolactinemia, patients may present
with symptoms and signs of other hormone deficiencies.
Male patients, in particular, may present with panhy-
popituitarism. Symptoms and signs resulting from local
tumor compression occur frequently. A serum prolactin
must always be requested as the priority investigation
in any patient presenting with signs of chiasmal
compression.

Investigation of hyperprolactinemia

Normal prolactin levels vary according to the assay
used but are about <400 mU/L (20 pg/L) in males
and <500 mU/L (25 Mg/L) in females. There are sev-
eral causes in the investigation of hyperprolactinemia
(Table 1.10). The history and examination of the patient
are particularly important. The possibility of pregnancy
should be considered in all amenorrheic women of
reproductive age. Clinical features of hypopituitarism,
visual disturbance, and acromegaly (50% of patients
with acromegaly have associated hyperprolactinemia)
should be sought. A detailed drug history is essential.
Baseline renal, liver, thyroid, and gonadal function
should be assessed.

Stress-induced hyperprolactinemia can be excluded
by the measurement of serum prolactin 2 h after can-
nulation. More than 80% of prolactin circulates as
a monomeric form with a molecular mass of 23 kDa.
Prolactin also circulates as big prolactin (45—60 kDa).
Macroprolactin (big prolactin) refers to high-molecular-
weight complexes of prolactin (2100 kDa). A proportion
of macroprolactin is due to immune complex formation.
Macroprolactin exhibits lower bioactivity than mono-
meric prolactin. It occurs in about 15% of patients
with serum prolactin <3500 mU/L. Patients with
asymptomatic hyperprolactinemia should be checked
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Physiological
Stress
Pregnancy
Lactation

Macroprolactin

Pharmacological
Major tranquilizers
Antiemetics
Tricyclic antidepressants
Estrogens, e.g., oral contraceptive pill
Verapamil
Methyl dopa
Reserpine

Systemic disease/trauma
Hypothyroidism
Liver disease
Renal failure
Polycystic ovary syndrome
Chest wall trauma

Hypothalamic disease/stalk damage
Trauma
Radiotherapy
Infiltrative diseases, e.g., histiocytosis X,
sarcoidosis
Infection, e.g., tuberculosis
Metastatic disease, e.g., breast cancer
Craniopharyngioma
Glioma
Meningioma
Astrocytoma
Stalk compression from suprasellar extension
of pituitary mass
Stalk section

Pituitary disease
Microprolactinoma
Macroprolactinoma
Mixed lactotroph somatotroph adenoma
Mammosomatotroph adenoma
Plurihormonal adenoma
Lymphocytic hypophysitis
Empty sella

Table 1.10
Causes of and associations with hyperprolactinemia.

for macroprolactin. Macroprolactin measurement with
polyethylene glycol precipitation is now routinely avail-
able in most clinics.”>7

Some drugs, particularly antipsychotics, may be
associated with serum prolactin levels of >4000 mU/L
(200 Ug/L). There may be associated galactorrhea and
hypogonadism. Serum prolactin levels usually return
to normal within a few days of stopping the medica-
tion. In many patients, however, stopping medication is
not possible. Hypogonadism may be treated by estrogen
or testosterone supplementation if necessary. If hyperp-
rolactinemia is confirmed and no alternative cause has
been identified, hypothalamic—pituitary disease needs
to be considered. A serum prolactin of 23000 mU/L
(150 pg/L) is nearly always indicative of a prolactinoma.®
Serum prolactin levels generally correlate with prolacti-
noma size, although there are exceptions.” In a retro-
spective study of histologically verified nonfunctioning
pituitary adenomas with suprasellar extensions, 98.7%
of patients had serum prolactin levels <2000 mU/L
(100 pg/L), indicating that stalk compression is unlikely
to be responsible for hyperprolactinemia in patients
with higher serum prolactin levels.”®

An important assay artifact to be aware of is the high-
dose “hook” effect that is due to saturation of antibodies
in a two-site immunoradiometric assay.”’ This satura-
tion produces erroneously low levels of prolactin and
is of critical importance in patients who present with a
large macroadenoma with visual impairment. Prolactin
should always be checked with serial dilutions. In this
situation, if the tumor is nonfunctioning, the patient
should undergo surgical decompression. If, however,
the patient has a macroprolactinoma, the treatment is
medical, with a DA agonist.

All patients should have MRI (T1-weighted) imag-
ing of the hypothalamus and pituitary, with gadolinium
enhancement. A high-resolution CT scan with contrast
may be performed if the MRI scan is contraindicated.
Dynamic assessment of hypothalamic—pituitary—adrenal
reserve (see Appendix) is carried out in patients with
identifiable abnormalities. GH reserve is assessed in
patients with pituitary macroadenomas. Visual fields are
performed where appropriate.

The diagnosis of microprolactinomas and most
macroprolactinomas is usually straightforward. There
remains, however, the gray area where it is unclear
whether the patient has a prolactinoma or a nonfunc-
tioning pituitary adenoma. In most cases, these tumors
are small macroadenomas. It is often appropriate to con-
sider a trial of a DA agonist. If there is no evidence of
tumor shrinkage after 3 months of treatment, the diag-
nosis of prolactinoma can effectively be discounted and
the patient can be referred for consideration of surgery.

19



ENDOCRINOLOGY IN CLINICAL PRACTICE

Occasionally, larger tumors may cause diagnostic prob-
lems, particularly if the MRI scan demonstrates cystic
or hemorrhagic areas in the tumor. In the absence of
acute compression symptoms and signs and after neu-
rosurgical review, it may be appropriate to consider the
trial of a DA agonist, with close monitoring of visual

fields.

Management of prolactinomas

The first question to be asked is whether the patient
requires any treatment. The majority of micropro-
lactinomas are small benign tumors that will never
grow.”8 There will, however, be a small group of tumors
that are destined to become macroadenomas. Patients
with microprolactinomas that are unassociated with
reproductive dysfunction or galactorrhea do not need
treatment. A proportion of the population has small
pituitary microadenomas unassociated with any clinical
abnormality. Postmortem and MRI analyses have dem-
onstrated that these microadenomas occur in up to 30%
of the population. The majority are prolactinomas.’>7*39

In microprolactinoma patients with amenorrhea,
who are not desirous of pregnancy, treatment can be
with either cabergoline or an oral contraceptive. Patients
who wish to conceive or who have troublesome galactor-
rhea should be treated with cabergoline. About 18% of
macroadenomas and 10% of microadenomas are resis-
tant to DA agonist therapy. Many of the tumors resis-
tant to bromocriptine or to quinagolide are sensitive
to cabergoline and demonstrate better tolerability.!'1?
Thus, cabergoline is recommended in preference to
other DA agonists.”® Discordant effects between pro-
lactin response and tumor shrinkage may occur. Some
tumors that are resistant to DA agonists have a reduc-
tion in D2 receptor expression.®! In addition, there is a
decrease in Gi20 that couples the D2 receptor to adeny-
lyl cyclase.®?

High-dose cabergoline (mean dose 5 mg/week),
with prolonged treatment up to 12 months, has been
reported to normalize prolactin in poor-responding
patients.® Cabergoline doses of 3 mg daily or more,
however, have been reported to be associated with car-
diac valvular fibrosis in patients with Parkinson’s dis-
ease.®»® There have been several reported studies of
cardiac function in patients treated with cabergoline
for hyperprolactinemia and acromegaly. Most of these
cases are cross-sectional. Although there have been some
reports of mild, clinically nonsignificant valvular fibro-
sis, the evidence indicates that patients treated with the
usual doses of cabergoline, <2mg/week, are not at risk of
cardiac valvular fibrosis.!>!"3¢87 Long-term prospective
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studies are required to confirm this hypothesis. Periodic
echocardiography should be performed in patients who
are found to have a cardiac murmur or in those treated
with higher doses of cabergoline.

The majority of microprolactinomas (~90%) will
respond rapidly to a small dose of DA agonist, with
normalization of serum prolactin. The normal start-
ing dose of cabergoline is 0.25 mg twice weekly. Most
patients are controlled with doses up to 2 mg/week.
A meta-analysis of clinical studies reporting the pro-
portion of patients with persisting normoprolactinemia
after withdrawal of DA agonist has demonstrated that
normoprolactinemia is achieved in 21% of patients. The
probability of treatment success was highest for patients
with idiopathic hyperprolactinemia and with treatment
of 2 years or more.®® In practice, most patients recur
after treatment withdrawal. Nonrecurrence may be
related to tumor apoplexy.

Surgery may be considered in patients who are
resistant to, or are unable to tolerate, DA agonists or
for whom a DA agonist is considered to be contrain-
dicated, for example, in patients with valvular heart
disease or psychiatric disorders. It is also an option
for patients with microadenomas who do not wish to
take a DA agonist. Microprolactinomas and intrasel-
lar macroadenomas can be successfully managed sur-
gically in specialist centers, with remission rates of
70%-80% .82 Children and adolescents have been
shown to respond to medical treatment equally as well
as adules %"

Macroprolactinomas should be managed medically
whenever possible. They usually respond to DA ago-
nist therapy, with evidence of tumor shrinkage, and in
patients with visual field defects, with an improvement
in visual fields within a few days!'>?® (Figures 1.19
and 1.20). Even if patients are hypopituitary at pre-
sentation, normal endocrine function may return with
DA agonist therapy. Continued tumor shrinkage may
occur over many months?®% It is therefore important
to continue medical therapy alone, without recourse to
other treatment modalities, unless there are specific
indications. In spite of this therapy, some large invasive
macroprolactinomas may only demonstrate a partial
response, sometimes discordant, to medical treatment
in terms of serum prolactin levels, tumor size, and
invasion of surrounding structures.!’29190 Tn these
situations, it may be necessary to consider surgery,
radiotherapy, or both.

Overall, about 10% of patients are resistant to DA
agonists, defined as the failure to achieve a normal pro-
lactin with a maximally tolerated dose of DA agonist
and/or a failure to achieve at least a 50% reduction in

tumor size.”’
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Figure 1.19

(b)

Coronal MRI scan (T1-weighted) of an intrasellar macroprolactinoma (a) before and (b) after DA agonist

therapy.

Of course, large macroadenomas do not have such
a successful surgical outcome as microadenomas.
A recent retrospective study has reported follow-up
remission rates of 46% (suprasellar), 12.5% (suprasellar
with visual field defects), and 30.8% (parasellar and/
or sphenoidal). In addition, there is the risk of new
anterior pituitary hormone deficiencies and additional
morbidities.”

Radiotherapy does not have a place as primary treat-
ment of macroprolactinomas, although it may be used
for patients with aggressive macroprolactinomas. The
results for both conventional and stereotactic radio-
therapies appear to be similar, with normalization of
prolactin in up to 30% of patients. There is a long
latency over many years before maximal efficacy is
achieved with conventional radiotherapy. Stereotactic
radiotherapy appears to have the advantage of a more
rapid effect”

Aggressive prolactinomas

A subset of macroprolactinomas is particularly aggres-
sive in their behavior, showing only a partial response to
DA agonist therapy. These tumors are usually large and
invasive. Giant prolactinomas are defined as tumors with
a diameter 24 cm and/or suprasellar extension 22 ¢cm?
The suprasellar extension may be associated with hydro-
cephalus. Lateral extension into the cavernous sinuses may
result in cranial nerve palsies, most frequently third nerve
palsy. The tumors frequently invade downward into the
sphenoid sinus (Figure 1.20). A particular problem with
such large tumors is pituitary apoplexy?! (Figure 1.8) that

typically presents with sudden onset of severe headache
(see Chapter 24). If there are associated acute compres-
sive effects (e.g., new visual field defects), urgent surgi-
cal decompression is required. Serum prolactin levels can
be very high, sometimes greater than a million mU/L
(>50,000 ng/L). Even if a substantial reduction in serum
prolactin levels occurs with DA agonist therapy, the lev-
els often remain markedly elevated. Similarly, tumor
shrinkage is very variable. Tumor shrinkage may result
in a dural tear, with CSF rhinorrhea. Surgical debulking
may be undertaken, but it is rarely curative. Radiotherapy
may be required for tumors that continue to grow.
Occasionally, growth remains uncontrolled in spite of DA
agonist therapy, surgery, and radiotherapy. Very rarely, the
tumors become malignant and metastasize’ (Figure 1.21).
Chemotherapy is generally ineffective. If the patient is
experiencing severe pain from local tumor invasion, palli-
ation may be obtained from a SS analog.!”® More recently,
temozolomide has been demonstrated to be effective in
reducing tumor/metastases size and prolactin secretion
in some aggressive prolactinomas/carcinomas. Responses
are usually seen within the first 3 months of therapy, but
relapse may occur a few months later. Current data do not
allow a prediction of response, based on MGMT expres-
sion or promoter methylation status.’*102

Predicting pituitary tumor behavior remains a
challenge. A retrospective study of 94 patients who
underwent surgical treatment of prolactinomas (54%
macroadenoma or giant cell adenoma) classified the
tumors as noninvasive, invasive, and aggressive—
invasive (corresponding to WHO “atypical adenoma™).
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Figure 1.20

Sagittal MRI (T1-weighted) of a giant macroprolactinoma (a) before and (b) after DA agonist therapy.
Goldman perimetry (c) before and (d) after DA agonist therapy.
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Figure 1.21
MRI scan (T1-weighted) of a malignant prolactinoma. (a) Coronal section demonstrating extension of the tumor
into the right orbit, sphenoid and maxillary sinuses. (b) Axial scan demonstrating extension of the tumor into the
right orbit, together with a cystic cerebral metastasis. The tumor had also metastasized to the cervical nodes.

There was a preponderance of females in the noninva-
sive group (53/61), 85% of whom remained in long-term
remission. In contrast, 18/22 patients in the invasive
group were men. All but one patient had persistent dis-
ease or progression. All of the invasive aggressive group
(five females, six males) demonstrated tumor progression.
In addition, based on previous work, seven genes were
identified that were associated with tumor recurrence
or progression, with five of these genes being highly up-
regulated in the aggressive-invasive tumors (ADAMTSO0,
CRMPI1, ASK, CCNBI, and CENPE).® Confirmation of
these data in a larger cohort of patients would enable a
more robust prognostic classification of prolactinomas
than is presently available.

Prolactinomas in pregnancy

The management of prolactinomas in pregnancy is
covered in the Endocrine Society Clinical Practice
Guideline.”® The normal pituitary gland approximately

doubles in size during pregnancy as a result of lac-
totroph hyperplasia caused by estrogens. This size
increase is accompanied by a rise in serum prolactin
levels. The increase in prolactin level is very variable
but may be as high as 10-fold by term. After delivery,
the volume of the gland rapidly decreases, with nor-
malization in size by 6 months, accompanied by a fall
in prolactin levels. There is no evidence that estrogens
per se cause prolactinomas to grow. Microprolactinomas
very rarely grow during pregnancy (2.6%). The risk for
macroadenomas surgically resected before pregnancy
is also low (5%), but medically treated macroadeno-
mas have a higher risk of growth (31%).”> Growth
of macroprolactinomas in pregnancy is often associ-
ated with pituitary apoplexy that may be estrogen
induced. Surgical resection, however, carries the risk of
hypopituitarism.

Patients frequently ovulate shortly after starting DA
agonist therapy. It is essential that they are warned to
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take appropriate contraceptive precautions. Ideally, this
precaution should be a barrier contraceptive method.
There is no evidence that bromocriptine is teratogenic.'®
Similarly, there is no evidence for cabergoline, but the
safety database is smaller than for bromocriptine.' The
safety data for quinagolide are very limited; conse-
quently, it should not be prescribed for patients who are
attempting conception.

Patients should immediately stop taking a DA ago-
nist as soon as pregnancy is confirmed, unless there is
a real risk of clinically significant tumor expansion, for
example, invasive macroadenoma or tumor in proxim-
ity to optic chiasm. If the decision is made to treat a
patient with a DA agonist throughout pregnancy, the
Endocrine Society Guideline recommends the use of
bromocriptine.

Because serum prolactin levels normally rise in
pregnancy, monitoring of levels in prolactinoma
patients is not normally helpful (Table 1.11).104105
Patients with microadenomas should be reviewed with
clinical examination of visual fields during each trimes-
ter. Patients with macroadenomas should be reviewed
similarly. If they have not undergone surgical resection
before conception, definitive evaluation of visual fields
should be made. Visual fields should also be assessed
in patients where there is a medical concern for poten-
tial clinically significant tumor growth. Patients who
develop severe headaches or visual disturbances should
have visual field assessment, followed, if indicated, by
an MRI scan without contrast. Symptomatic growth
of a prolactinoma in pregnancy should be treated
with bromocriptine. Cabergoline can be used if bro-
mocriptine is not tolerated. In some circumstances, for
instance, if the patient is unable to tolerate DA agonist
therapy, if the tumor continues to grow or if there is
acute compression from pituitary infarction, surgery
may be necessary.

Breastfeeding in prolactinoma patients is generally
safe. DA agonists should be avoided because they inhibit
lactation. If a patient develops symptomatic growth of
a prolactinoma, breastfeeding should be stopped and
treatment with a DA agonist reinstated.

Acromegaly

Acromegaly is insidious in onset and has often been
present for many years at the time of diagnosis. It most
frequently presents in early middle age, with an equal
sex balance. A somatotroph adenoma occurring in
childhood/adolescence before epiphysial fusion results
in gigantism. Recent data have demonstrated a preva-
lence for acromegaly that is higher than was previously
thought, about 8-13 per 100,000.%! It is apparent
that the disease is frequently unrecognized for many
years before it comes to the attention of an endocri-
nologist. There has been much debate as to how earlier
diagnosis could be made. The problem is exemplified
by the fact that general practitioners might only be
expected to see one or two new patients with acro-
megaly in their professional lifetime. Recently, facial
recognition programs have reported that acromegaly
can be detected with increased sensitivity compared
with general physicians and specialist endocrinolo-
gists.!%¢197 Possibly, the use of facial recognition pro-
grams in national photograph databases, such as
passports and driver’s licenses, could lead to an earlier
identification of patients.

Many retrospective studies have reported an
approximately two- to threefold increase in mortality
compared with the general population.! About 60%
of deaths are due to cardiovascular disease, 25% to
respiratory disease, and 15% to malignancy.!®® Much
of the variability in reported mortality data is likely
to be confounded by changes in clinical practice, such
as the much lower use of pituitary irradiation, and the
more rigorous assessment of adequate control and cure.
A recent meta-analysis has reported an overall increase
in mortality of 72%. Restriction of the analysis to
patients who had undergone transsphenoidal surgery
as primary therapy demonstrated an increased mortal-
ity of 32%.19°

Acromegaly is almost invariably caused by a somato-
troph adenoma of the pituitary. Most tumors are
sporadic. Approximately 40% are associated with acti-
vating mutations of Gs (g5p),!'*!""! and as such they are

Units Non-pregnant Female First Trimester Second Trimester Third Trimester

ng/mL 0-20 36-213 110-330 137-372

pg/L 0-20 36-213 110-330 137-372

pmol/L 0-859 1565-9261 4783-14,347 5957-16,174
Table 1.11

Serum levels of prolactin in non-pregnant female, first, second and third trimesters of pregnancy.
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a feature of the McCune—Albright syndrome (MAS).!!?
MAS is an example of a multiple endocrinopathy syn-
drome. Unlike MEN, however, it is sporadic. Patients
have been shown to have widespread tissue expression
of the gsp oncogene that presumably arises early on in
somatic development, providing a mosaic expression
in different tissues. The syndrome includes polyos-
totic fibrous dysplasia of bones, pigmented skin lesions,
precocious puberty, autonomous functioning thyroid
nodules, pituitary somatotroph adenomas, and adrenal
disease, which may be associated with hypercorti-
solemia. Patients tend to present early on in childhood.
The clinical presentation is highly variable.''> About
20% of patients have GH excess. Excessive growth in
childhood may be erroneously ascribed to precocious
puberty. Fibrous dysplasia of the skull is a particular
problem, because it is often associated with thicken-
ing of the skull base and thus may preclude the use
of transsphenoidal surgery. In addition, radiotherapy
is generally avoided because there is an increased
risk of sarcomatous transformation. In consequence,
most patients with MAS and acromegaly are treated
medically."*

Familial syndromes associated with acromegaly
include MENT1 (see Chapter 9),''> FIPA (see Chapter 2),%
and Carney complex (see “Cushing’s syndrome”
below)."'® Very rarely, acromegaly is associated with
ectopic GHRH or GH production. Thorner et al.'” and
Sassolas et al.''"® originally described two acromegalic
patients who had endocrine tumors of the pancreas.
Subsequently, GHRH was isolated and characterized
from these tumors by Rivier et al.'' and Guillemin
et al.'?® Ectopic production of GHRH has now been
described in many cases, most notably in association with
carcinoid tumors of the lung and gastrointestinal tract
and with islet cell tumors of the pancreas. Occasionally,
ectopic production of GHRH has been described in
association with intracranial gangliocytomas and other
tumors.!?!

Clinical features of acromegaly

Clinical features may relate primarily to the somatic
overgrowth engendered by elevated GH and IGF-I
levels, to the size of the tumor itself, and/or due to
symptoms of associated hypopituitarism. Key features
of the condition relate to the somatic overgrowth that
results in the characteristic symptoms (Table 1.12) and
signs (Table 1.13) of acromegaly. Frequently, the features
can best be appreciated by retrospective comparison of
the patient’s photographs (Figure 1.22). Thickening of
the skin is a cardinal physical sign. This thickening can

Increase in shoe size
Increase in ring size
Increased linear growth before epiphysial fusion
(gigantism)

Coarsening of facial features
Headaches

Carpal tunnel syndrome
Arthralgia

Snoring

Sweating

Difficulty with mastication
Tongue biting

Difficulty with phonation
Deepening of voice

Table 1.12
Frequent presenting complaints in acromegalic
patients.

Thick, greasy skin

Acne

Hirsutism

Hyperhidrosis

Skin tags

Soft, “fleshy” hands (“spade-like”)
Large feet with thickened heel pads
Thick “fleshy” lips

Prominent supraorbital ridges
Rhinomegaly

Prognathism

Interdental separation
Glossomegaly

Table 1.13
Classical signs of acromegaly.

be objectively demonstrated by the measurement of
heel pad thickness on x-ray. As a result, venipuncture is
often difficult. Skin cuts tend to heal quickly. Patients
frequently describe excessive sweating and greasy skin.
Skin tags are a common feature, particularly in the
axilla and around the nape of the neck. Glossomegaly
is also a cardinal sign. The glossomegaly can interfere
with mastication that is exacerbated by prognathism
and dental malocclusion.
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1984

(e) )
Figure 1.22

(a-e) Patient with acromegaly in 1999. (f) Sequential photographs over time are useful to assess the dura-
tion of disease: 1984, 1986, 1988, 1995, 1999.
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There are numerous clinical and metabolic complica-
tions arising from acromegaly (Table 1.14).

Glossomegaly, together with pharyngeal and laryn-
geal swelling, can result in significant upper airway
obstruction. Sleep apnea has been reported to be present
in up to 80% of patients with acromegaly. It is predomi-
nantly obstructive in nature, but there may also be a
central component.'%®

Cardiomyopathy is a hallmark of acromegaly and
is characterized by biventricular hypertrophy, exac-
erbated by concomitant hypertension. Over a period
of time, diastolic and systolic dysfunction develops.
In a retrospective study using Doppler echocardiog-
raphy in 205 patients with active acromegaly com-
pared with age- and sex-matched nonacromegalic
control subjects, the relative risk of developing left
ventricular hypertrophy (LVH) was at least 11.9 times
higher in the acromegalic patients. Disease duration
was found to be the most important criterion for the
prevalence and severity of cardiomyopathy. Patients
with disease activity of 10 years or more had a three-
fold higher average relative risk of LVH, associated
with diastolic and systolic dysfunction, compared
with patients with shorter disease duration. This
study also demonstrated an ~1.7-fold increased risk
of hypertension and a 4.9-fold increased risk of car-
diac arrhythmias.!?? There is an increased prevalence
of concomitant valvular heart disease, represented by
thickening of the aortic and mitral valves, and result-
ing in aortic and mitral regurgitation.!?>!%4

A causative association between acromegaly and
neoplasia remains to be proven. Several studies have
reported the occurrence of benign (adenomatous and
hyperplastic) colonic polyps in ~45% of patients with
acromegaly.'” The incidence does not differ from that
of the general population, using cumulative data from
autopsies and screening colonoscopy studies. The polyps
are, however, more frequently right-sided, larger, and of
advanced histology."?® The recurrence of adenomatous
polyps correlates with serum IGF-I levels.!?” Particular
care needs to be taken with patients who have a fam-
ily history of colon cancer, and a history of previous
polyps and multiple skin tags. Current guidelines rec-
ommend that all patients with acromegaly should have
a colonoscopy at baseline and that patients with colonic
polyps should be followed according to the interna-
tional guidelines for colon cancer? A report has also
described an increased incidence of gallbladder polyps
in acromegaly.!?

Degenerative joint disease, affecting both the axial
and the appendicular skeletons, is common. In the early
stages, where there is thickening of the synovium and
articular cartilage, it is potentially reversible."” In the

Pituitary
Visual field defects
Headaches
Hyperprolactinemia
Hypopituitarism
Cardiovascular
Cardiomyopathy
Arrhythmias
Hypertension
Musculoskeletal
Acral enlargement
Coarse facial features with prognathism and
splayed dentition
Enlarged sinuses
Excessive long bone growth before epiphysial
fusion
Degenerative joint disease
Mild proximal myopathy
Neurological
Carpal tunnel syndrome
Cranial nerve palsies (cavernous sinus
invasion by tumor)
Headaches
Cerebral aneurysms
Gastrointestinal
Colonic polyps with potential risk of malignancy
Gall bladder polyps
Respiratory
Upper airways obstruction (macroglossia,
pharyngeal)
Sleep apnea (obstructive and central)
Ventilatory dysfunction
Metabolic
Insulin resistance
Impaired glucose tolerance
Type 2 diabetes mellitus
Dyslipidemia
Hypercalciuria—risk of nephrolithiasis
Hyperphosphatemia
Endocrine
Multinodular goiter
Thyrotoxicosis
Oligomenorrhea, amenorrhea
Impaired quality of life

Table 1.14
Complications of acromegally.
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majority of patients, however, by the time of diagnosis,
irreversible degenerative changes will have occurred. In
the spine, intervertebral spaces are typically widened,
with vertebral enlargement and osteophyte forma-
tion. Axial changes may be present in up to 60% of
patients at the time of diagnosis. Severe morphological
and structural changes can develop.®® Clinical symp-
toms are present in the majority of patients. Long-term
uncontrolled disease can lead to severe debilitating
arthropathy. Even after disease control, chronic arthrop-
athy remains an important cause of reduced quality of
life (QoL).1!

Headaches are a frequent complaint and are usu-
ally unrelated to the size of the pituitary adenoma. The
headaches in acromegaly may be rapidly relieved by
SS analogs, which are unrelated to the effects on GH
secretion. There is an increased prevalence of intra-
cranial saccular aneurysms in acromegaly. A report
describes the presence of 40 newly diagnosed aneurysms
in 26/152 (17%) of patients who underwent neuroimag-
ing of the Circle of Willis. Ten of the patients had mul-
tiple aneurysms. A further two patients had previously
undergone aneurysm clipping after subarachnoid hem-
orrhage. This increased prevalence needs to be borne in
mind when patients undergo intracranial imaging.!*?

Carpal tunnel syndrome is associated with edema of
the median nerve in the carpal tunnel and is a frequent
finding in acromegaly. Approximately 50% of patients
have symptoms, but the majority will be found to have
evidence of median nerve compression with nerve con-
duction studies. Although there does not appear to be
a relationship with disease duration or GH and IGF-I
levels, it may be ameliorated with disease control.!%®

Acromegaly is associated with impaired QoL. A
specially designed questionnaire, AcroQol, has been
developed to assess the QoL in patients with acro-
megaly. This questionnaire consists of 22 questions
subdivided into two main categories: physical and
psychological functions. The psychological category is
further subdivided into appearance and personal rela-
tionships. Each question is scored out of 5, with a score
of 110 representing best possible QoL. A re-evaluation
of 56 patients demonstrated that AcroQol is able to
demonstrate changes in QoL that would not be detected
using generic questionnaires. In addition, a significant
negative correlation was demonstrated between change
in IGF-I and AcroQol scores.'33134

Metabolic changes in acromegaly

Impaired glucose tolerance and diabetes mellitus are
well recognized in acromegaly. GH excess leads to
hepatic and peripheral insulin resistance. A study of

519 patients in the French Acromegaly Registry esti-
mated the prevalence of diabetes to be 22%.1% Diabetes
was associated with increasing age and weight. There
was no significant difference between the levels of GH
and IGF-I between diabetic and nondiabetic patients.
Diabetes was diagnosed in half the patients at the same
time as acromegaly. Diabetes improves with control of
acromegaly. This improvement is particularly seen after
transsphenoidal surgery or treatment with pegviso-
mant. SS analogs tend to be relatively neutral in their
effects because there is a concomitant inhibition of
insulin secretion with improved control of GH.3%13¢ An
association between hypertension and diabetes was seen,
although this association has not been reported in other
studies.”’ 1% A recent retrospective study of “uncon-
trolled,” “divergent” (high IGF-I, normal GH), and
“controlled” patients has reported that in comparison
with the controlled group, the divergent group dem-
onstrated higher systolic blood pressure, higher fasting
blood glucose, and diabetes mellitus. The total choles-
terol was lower in the divergent group than the uncon-
trolled group, but there was otherwise no difference in
lipid profiles between the three groups.'® There is no
consistently abnormal lipid profile that has been iden-
tified in acromegaly. Total cholesterol levels have been
reported to be low in some studies, returning to normal
population levels after treatment with pegvisomant.!41:142
In another study with pegvisomant, cholesterol levels
were elevated, and neither cholesterol nor triglyceride
levels changed after treatment.’! Acromegaly has been
reported to be associated with hypertriglyceridemia and
elevated levels of apolipoprotein E and A-1 and Lp-a.'®?

GH stimulates the activity of 1-0-hydroxylase
activity in the kidney, resulting in elevated levels of
1,25-hydroxyvitamin D levels. Hypercalciuria occurs
and may result in nephrolithiasis.'4

Diagnosis of acromegaly

The measurement of GH and age-matched IGF-I con-
centrations are the key determinants in the diagnosis of
acromegaly. The diagnostic criteria for GH levels have
changed with the advent of highly sensitive immuno-
radiometric assays (IRMAs), making comparison with
historic data difficult, when the older polyclonal radio-
immunoassays (RIAs) were used. A further complicating
factor has been the use of different international stan-
dards. It is now recommended that the WHO standard
98/574 is used, with the results expressed as micrograms
per liter.® An additional problem is a lack of unifor-
mity with IGF-I assays, with RIAs as well as IRMAs
still in use. In addition, there is a lack of robust age-
related normative data available for individual assays.
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A single standard is recommended, the IGF-I WHO
first international standard (WHO IS 02/254).

GH is secreted in a pulsatile manner. In acromegaly,
the GH pulses are increased in frequency about two-
fold.'¥¢ Random GH levels therefore can be misleading
in the diagnosis of acromegaly or in the follow-up of
patients posttreatment. Unlike GH that has a half-life
of about 22 min, total serum IGF-I has a half-life of
about 15 h, and as such provides an integrated reflec-
tion of GH secretion over the previous few days. The
demonstration of an elevated IGF-I level in the clinic
is a useful screen, although it is recommended that
this elevation should be confirmed by the oral glucose
tolerance test (OGTT). This approach has the added
advantage of screening for hyperglycemia. In most
cases, the diagnosis is straightforward, with the dem-
onstration of unequivocally elevated GH levels that fail
to suppress. In a small proportion of patients, however,
the interpretation can be more difficult. The current
consensus is that failure to suppress GH below 1 g/L
is diagnostic of acromegaly” This value may however
be too high for a small number of individuals. A GH
nadir of 0.3 Pg/L appears to provide adequate dis-
crimination from normal in most cases.'”’ This nadir
diagnostic detection limit is more of an issue when
assessing disease activity after surgery. False positives
may occur in diabetes mellitus, liver disease, renal dis-
ease, hyperthyroidism, adolescence, anorexia nervosa,
and other forms of malnutrition. An elevated serum
IGF-I together with failure of suppression of GH on
OGTT is required to make the diagnosis of acromegaly.
There are, however, also potential confounding factors
in which serum IGF-I may be affected.'¥” Important
variables to be aware of are diabetes mellitus, anorexia
nervosa, and malnutrition, all of which can be asso-
ciated with lower levels of serum IGF-I. Increasing
age is also associated with a concomitant reduction
is serum IGF-I levels, emphasizing the importance of
using well-validated age-dependent normal ranges for
a specific assay. Adolescents may have levels that are
outside of the quoted normal range for a given assay.
Serum IGF-I levels rise throughout pregnancy, under
the influence of placental GH.

Serum IGFBP-3 and ALS are additional biomarkers
that are usually elevated in acromegaly. IGFBP-3 is a
less robust biomarker than ALS. Postsurgically, ALS has
been shown to have a sensitivity comparable with IGF-I,
with a slightly lower specificity.!®

The majority of somatotroph adenomas are mac-
roadenomas.'® In consequence, a proportion of these
tumors will have hyperprolactinemia related to stalk
compression. Approximately 20% of patients have
tumors that also produce prolactin. The majority are

mixed somatotroph—lactotroph tumors, with about
5% being mammosomatotrophs. Acidophil cell adeno-
mas are characteristically associated with hyperpro-
lactinemia, often with relatively low GH production’®
(Table 1.4).

All patients must have a full endocrine assessment,
including a dynamic assessment of the hypothalamic—
pituitary—adrenal (HPA) axis. Ring size provides a
simple objective measurement for clinical assessment
of treatment efficacy. A generalized enlargement of the
pituitary without a discrete tumor being demonstrated
on MRI scanning should raise the possibility of ectopic
GHRH production.

Management of acromegaly

Guidelines on the consensus of cure have been published
by the Endocrine Society.!® Optimal disease control is
defined as IGF-I level in the age-adjusted normal range,
with a random GH measurement <1 pg/L. An OGTT
has been shown to be inappropriate for patients who are
on treatment with SS analogs, where a large proportion
of results have been found to be discordant with IGF-I
levels.>® Due to its action of GH receptor antagonism,
disease control for patients on pegvisomant therapy can
only be assessed using serum IGF-1.° Although there is
a strong correlation between serum GH and IGF-I levels,
a discordance have been reported in >30% of patients
with persisting active disease. Most of the discordance
is from patients with persistently elevated serum IGF-I
with “normal” serum GH. If stricter criteria detailed
above are applied using highly sensitive IRMAs for
GH, the discrepancies are greatly reduced. Nonetheless,
discrepant results remain for some patients. After radio-
therapy, some patients demonstrate low serum GH
levels, with persistently elevated IGF-L."' It is impor-
tant to exclude potential confounding factors for low
IGF-I and elevated GH detailed above. Serum IGF-I
levels can take a few months to normalize after surgery.
If a persistently elevated IGF-I is seen with apparently
normal GH levels, patients should be periodically reas-
sessed for evidence of disease recurrence. The use of
IRMAs, together with the stricter definition of disease
control, renders the assessment of historical efficacy data
for surgery, radiotherapy, and medical therapy in acro-
megaly difficult.

Surgery

The first-line treatment of choice is transsphenoi-
dal surgery (see Chapter 3). This approach is par-
ticularly the case with readily resectable intrasellar
micro- and macroadenomas and where the tumor is
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causing compressive symptoms. Surgery should also be
considered in tumors where total removal is not possible
because surgical debulking facilitates subsequent disease
control with medical therapy/radiotherapy.”>>* The key
consideration for surgical treatment, as for any pituitary
surgery, is performance by an experienced pituitary sur-
geon. Transsphenoidal surgery is the usual approach.
Many surgeons are now using endoscopic surgery, and
intraoperative MRIs are being used in a few centers.
Overall, biochemical control can now be expected in
>70% of patients with surgically resectable tumors.
In contrast, biochemical control for macroadenomas is
about 50%.°-18 Surgical pretreatment with SS analogs
has been undertaken with the rationale of improved sur-
gical outcome after metabolic control and tumor shrink-
age. This approach is unproven at the present time. One
prospective randomized study reported biochemical con-
trol in 16% of patients with macroadenomas (7 = 32),
a value that is extremely low, compared with 50% in the
pretreated group (7 = 30), a value that is in line with
the current literature for macroadenomas.”

Medical therapy is indicated in the following
situations:

1. Failure to achieve control with surgery.
Primary medical therapy is an option for patients
with tumors that are not considered to be curable
by surgery, bearing in mind that surgical debulk-
ing facilitates subsequent medical control. It should
be considered in patients for whom surgery is con-
traindicated, for example, serious associated comor-
bidities and in MAS. Primary medical therapy is not
appropriate for patients who have evidence of tumor
compression, in particular, visual field defects.

3. Surgical pretreatment, although the effects on sur-
gical outcome remain to be demonstrated.

4. Maintenance of disease control pending the effects
of radiotherapy.

Medical treatment

DA agonists

Cabergoline has had a limited use in acromegaly.
Published data on the efficacy of DA agonists in acro-
megaly are very variable. A meta-analysis of published
data on 149 patients has been performed. None of the
studies involved were randomized or placebo-controlled.
The meta-analysis demonstrated that the overall efficacy
of cabergoline in these studies was dependent upon the
basal IGF-I level, although some patients normalized
IGF-I from high baseline levels.'" Hyperprolactinemia
was not found to be predictive of response, contrary
to previously held views. This finding is not particu-
larly surprising because the majority of somatotroph
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adenomas express dopamine D2 receptors and demon-
strate inhibition of GH secretion to DA agonists i vitro.
The coexpression of SST2 and D2 receptors by somato-
troph adenomas has provided the rationale for the devel-
opment of SS-DA analog chimeras for the treatment of
acromegaly.?® Overall, 34% of patients achieved normal
IGF-I levels, with increasing efficacy over time. There was
no clear dose relationship demonstrable. In the responder
patients, the mean dose of cabergoline was 2.5 mg/week.
There was no evidence of tachyphylaxis. This dose is
higher than the dose generally required for patients with
prolactinomas (<2 mg/week). It is unknown whether
patients with acromegaly are at increased risk of devel-
oping cardiac valvular fibrosis with exposure to caber-
goline. The dose remains much lower than that used
for Parkinson’s disease; nevertheless, given the inherent
increased risk of cardiac valvular disease in acromegaly,
periodic echocardiography should be undertaken.!?>124
Tumor shrinkage may occur and, in contrast to biochem-
ical response, is related to hyperprolactinemia.'!

In summary, cabergoline therapy may be consid-
ered after surgery, for some patients, particularly those
with IGF-I levels <150% the upper limit of normal.
Cabergoline may also be considered as additional ther-
apy for some patients who remain uncontrolled on SS
analogs.'®>71%4 Its advantages are oral administration and
cost. It is not possible to predict whether a patient will
respond, so a therapeutic trial is required. The long-
term safety in terms of cardiac valvular fibrosis in acro-
megaly is unknown. It is also important to note that it
is not an approved treatment for acromegaly.

SS analogs

SS analogs are the approved first-line medical therapy
for acromegaly. The GH response to an octreotide test
dose of 50 g s.c. can give an indication of the likely
responsiveness to long-term treatment, but it is not
definitive.' In practice, most patients are started on SS
analog therapy. A good indication of responsiveness can
be obtained within 3 months of treatment, although
efficacy continues to improve over time with continued
treatment.' In addition, unlike functioning carcinoid
tumors, tachyphylaxis does not occur.'®’

The true efficacy of SS analogs is difficult to gauge,
because most studies have reported data using less strin-
gent criteria of control than are used today. In addition,
data have often been on preselected populations. Some
studies define a biochemical response as a “safe” GH of
<25 Ug/L, together with age-related IGF-I within the
normal range. This is, in fact, more generous than the
<1.0 pg/L defined in the Endocrine Society definition
of disease control.' Data for studies where patients
have not been preselected, using the predefined study
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Study details

GH<2.5ug/L (%) Normal age-related IGF-I (%)

Cozzi et al. 2006 Median follow-up 48 weeks
octreotide LAR

n==67

24 weeks

48 weeks

octreotide LAR

n=68 (ITT 98)

48-52 weeks

lanreotide Autogel

n=>51

Mercado et al. 2007

Lombardi et al. 2009

68.7 70.1
42 38
44 34
63 37

n = number of patients; ITT, intention to treat; GH, growth hormone; IGF-I, insulin-like growth factor I.

Table 1.15

Efficacies of octreotide LAR and lanreotide Autogel in unselected patients with acromegaly.

Figure 1.23
Coronal MRl scan (T1-weighted) of a somatotroph adenoma (a) before and (b) after 9 months of treatment
with somatostatin analog. Note the high signal hemorrhagic component of the tumor.

criteria, and with treatment for at least 6 months, are
detailed in Table 1.15.1901519 Safe GH levels were
obtained in between 42% and 69% of patients, with
normal IGF-I levels in between 34% and 70%. The effi-
cacy of SS analogs in de novo patients (primary medical
therapy) is comparable to that in patients who have first
undergone pituitary surgery.°>'%-170 In a recent study
(PRIMARYY) of 90 de novo patients with acromegaly
treated with lanreotide Autogel 120 mg monthly for
48 weeks, 65% achieved GH <2.5 pg/L, 39% achieved
normal age- and sex-matched IGF-I levels, and 34%
achieved normal control with both. Two recent stud-
ies have demonstrated similar efficacies for octreotide

LAR and lanreotide Autogel (lanreotide depot).!”!:72
Control of acromegaly with Autogel may be maintained
by increasing dosing intervals between injections.?!7?
SS analogs may also be effective in patients with ectopic
production of GH.”?

Surgery is the definitive means of achieving tumor
control and is indicated in patients who have clinical
evidence of tumor compression. Somatotroph adeno-
mas demonstrate variable responses in terms of tumor
shrinkage to SS analogs (Figure 1.23). The criteria for sig-
nificant tumor shrinkage varies between studies, ranging
from 10% to >45%. A systematic review of studies of
pituitary tumor shrinkage during primary medical
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therapy with SS analogs in patients with acromegaly
concluded that overall 37% of patients demonstrated
significant shrinkage according to the study criteria. Of
these patients, an approximately 50% reduction in tumor
mass was seen in patients on primary medical therapy, or
before surgery or radiotherapy.” There is a wide range
of variability between patients, with some demonstrat-
ing little or no shrinkage effect and others >60%."7°
The greatest effect is seen in patients who are treated with
SS analogs as primary therapy.”’® The recent PRIMARYS
study with lanreotide Autogel demonstrated 220%
tumor volume reduction in 75% of the per protocol
population (n = 60). The tumor shrinkage effects and
antisecretory effects of SS analogs may not be concordant
in individual patients.?>!”>17¢ Tumor growth may occur
in a small proportion (<3%) of patients.?

The novel multireceptor ligand SS analog pasire-
otide has completed clinical development. In a phase
II study, 60 patients with active acromegaly (14%
de novo, 35% prior surgery, 9% prior radiotherapy, 42%
prior medical therapy) received octreotide 100 Llg s.c.
three times daily for 28 days, followed by pasireotide
200, 400, and 600 g s.c. twice daily in random order
for 28 days each. After 3 months of pasireotide treat-
ment, 27% had achieved a biochemical response (GH
<2.5 ug/L, normal IGF-I). In addition, 39% of subjects
demonstrated 220% reduction in pituitary tumor vol-
ume. After treatment with pasireotide, 7% of subjects
developed hyperglycemia, 5% an increase in HbA,, and
5% diabetes mellitus.® A subsequent extension study
has demonstrated that biochemical control was main-
tained, with further reductions in tumor volume. The
phase III development program has used a long-acting
formulation, pasireotide LAR 40/60 mg. In a 12-month
comparator study with octreotide LAR 20/30 mg in
medically naive patients, 31.3% achieved complete
biochemical control with pasireotide LAR, compared
with 19.2% with octreotide LAR. Some patients with
low serum IGEF-I levels were considered to be noncon-
trolled. The full response including these patients was
35.8% for pasireotide LAR, compared with 20.9% for
octreotide LAR. Mean GH and IGF-I levels plateaued at
3 months, with control being maintained at 12 months.
Similar degrees of tumor shrinkage were seen with both
treatments. Hyperglycemia-related events were seen in
57.3% of patients treated with pasireotide LAR and in
21.7% of patients treated with octreotide LAR. In a sub-
sequent extension study, patients who were inadequately
controlled could switch treatment; 219 of patients inad-
equately controlled on octreotide LAR achieved full bio-
chemical control after switching to pasireotide LAR, and
2.6% of patients inadequately controlled on pasireotide
LAR achieved control after switching to octreotide LAR.
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Of the patients who continued to receive their random-
ized therapy, at month 19, full biochemical control was
achieved in 45.9% (n = 74) with pasireotide LAR and in
45.7% (n = 46) with octreotide LAR.

In summary, the phase III data indicate that pasire-
otide LAR offers a modest improvement in efficacy
compared with conventional SS analogs, although at
19 months, there appears to be comparable efficacy with
octreotide LAR. This efficacy is at the expense of an
increased risk of hyperglycemia and development of
diabetes mellitus. Pegvisomant has a clear advantage in
this regard. In consequence, the positioning of pasire-
otide in the medical treatment algorithm of acromegaly
remains to be defined.

Pegvisomant
The GH antagonist pegvisomant is indicated for
patients who remain uncontrolled on therapy with SS
analogs. The U.S. label also allows for the possibility of
first-line medical therapy, although most clinicians use
it second line.

Pegvisomant is administered as an s.c. injection. The
starting dose is 10 mg, and dose can be titrated up to
30-40 mg to achieve normal serum IGF-I. Due to its
mechanism of action, GH levels rise two- to threefold dur-
ing treatment,’® meaning that measurement of GH levels
is not possible to monitor control. In addition, pegviso-
mant cross-reacts with commercial GH assays. It is highly
effective in normalizing IGF-I which, in theory, should
be possible in all patients.”® The ACROSTUDY patient
registry, however, has demonstrated that this is not the
case in practice. In the first S-year report, IGF-I was nor-
malized in 62% of patients. From the weekly dosing infor-
mation, it is apparent that many patients had received
suboptimal dosing. Sixty-seven percent were on pegviso-
mant monotherapy, 23% on combination therapy with an
SS analog, 6% on combination therapy with a DA analog,
and 4% in combination with an SS analog and a DA ana-
log. Importantly, IGF-I control remained the same, with
monotherapy and with the combination therapies."”’

A safety review of 1288 subjects in the ACROSTUDY
registry has reported elevated hepatic transaminases
of 23 times the upper limit of normal in 2.5% (30) of
patients.”?> There were no reports of hepatic failure.
Drug-induced hepatitis has been reported in a patient
after rechallenge with pegvisomant.®® Injection site
reactions were reported to occur in 2.2% (28) of cases.
Lipohypertrophy is a recognized side effect that may
occur due to the local effect of GH antagonism at the
injection site.”® Injection site rotation may reduce the
risk of lipohypertrophy developing. Increases in pitu-
itary tumor size were confirmed in 3.2% of cases. This
increase has been a theoretical concern because unlike SS
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analogs, pegvisomant does not target the pituitary tumor.
Furthermore, GH levels rise on pegvisomant therapy,
although this rise should be mitigated by GH receptor
antagonism. Tumor growth after conversion of SS analog
therapy to pegvisomant may be due to a rebound effect
of stopping SS analog therapy. In addition, a small pro-
portion of tumors will grow anyway, as is evidenced in
patients on SS analogs.® Presently, there are limited long-
term follow-up data on patients treated with pegvisomant.
Patients who are treated with pegvisomant should con-
tinue to have periodic monitoring of tumor size by MRL

The conversion of treatment from SS analogs to
pegvisomant has been shown to be associated with
improved insulin sensitivity and glycemic control. %17
In a 32-week study of conversion from octreotide LAR
to pegvisomant in 53 patients with acromegaly, HbAlc
was improved by >1.0% in patients with diabetes. The
improved glycemic control in patients treated with pegvi-
somant is a useful feature to consider in the treatment of
patients with impaired glucose tolerance and diabetes mel-
litus. In this same study, the proportion of patients with
normalized IGF-I rose from 29% to 78% at week 32.
In the first 3—4 months of conversion, there is an overlap-
ping effect of both drugs. This overlap is demonstrated
by the study data in which there was a fall in the pro-
portion of patients with normal IGF-I levels between 3
and 5 months. Thereafter, control improved as the dose
of pegvisomant was titrated upward!*®. There was no
change in median pituitary volume, although the tumor
volume increased ~1 ¢cm in two patients with macroade-
nomas. One of these patients had previously been treated
with pegvisomant without a change in tumor size, and
there was no further change in tumor size with continued
treatment for a further year. The other patient had a large
aggressive tumor that grew despite multiple different
treatment modalities, including SS analog therapy.

An alternative approach to conversion is combina-
tion therapy with SS analog and pegvisomant. In this
case, the patient remains on the same dose of SS ana-
log and additional pegvisomant is added, titrating
the dose up until IGF-I is normalized. Dose titration
is more straightforward because it is not being done
against a waning effect of SS analog. In a head-to-head
comparison of pegvisomant monotherapy (» = 27) with
octreotide LAR and pegvisomant combination (7 = 29)
in patients uncontrolled on SS monotherapy, there was
no difference in IGF-I normalization rates between the
two groups of patients at 40 weeks.!®? The median dose
of pegvisomant monotherapy was 20 mg/day and in the
combination therapy 15 mg/day. There was improved
glycemic control in the pegvisomant monotherapy
group. Hepatic transaminases were increased by >10
times upper limit of normal (ULN) in three patients

in the combination group. Two of these patients had
received high doses of octreotide LAR (60 mg/month).
Another patient in the combination group and one in
the monotherapy group had increases in hepatic trans-
aminases >3 times ULN. MRI evidence of tumor
growth occurred in one patient in the pegvisomant
monotherapy group and in one patient in an octreotide
LAR safety comparison group. In another study, pegvi-
somant was administered weekly (40-120 mg) in com-
bination with lanreotide Autogel 120 mg/month for
28 weeks to patients uncontrolled on SS analog mono-
therapy (# = 92).18! Normalization of IGF-I occurred
in 58% of patients. The median dose of pegvisomant
was 60 mg/week. There was no evidence of an overall
change in tumor size during treatment. Two patients
developed transient elevations in hepatic transaminases
(ALT >5 times ULN) that returned to normal after
treatment discontinuation. Hepatic transaminases were
transiently increased >2 times ULN in a further four
patients. Importantly, there was no relationship between
diabetic status and elevated hepatic transaminases, a
finding that differs from other study data.'®? Another
study with patients who were controlled on octreotide
LAR or lanreotide Autogel has demonstrated compa-
rable efficacy using low-dose pegvisomant (15-30 mg
twice weekly) together with 50% of the previous dose
of SS analog.!®® Overall, no efficacy benefit has been
demonstrated with combination therapy compared with
pegvisomant monotherapy. Liver function needs to be
regularly monitored. There are currently no data to sug-
gest an effect on tumor growth compared with patients
on pegvisomant monotherapy. There is the potential for
dose-sparing and reduced injection frequency. A com-
parison of the potential advantages and disadvantages
of SS analog and pegvisomant therapies is summarized
in Table 1.16.

An alternative combination to SS analog and pegvi-
somant is cabergoline. In the ACROSTUDY registry
S-year report, 6% of patients were treated with DA
analog—pegvisomant combination therapy.* In a study
of 24 patients with acromegaly, cabergoline monother-
apy normalized IGF-I in two (8%) of patients, after
titrating up to a maximum dose of 3.5 mg/week. The
addition of 10 mg of pegvisomant daily for 12 weeks
normalized IGF-I in 68% of patients, which compares to
54% with 10-mg monotherapy in the pegvisomant piv-
otal study. Twelve weeks after cabergoline withdrawal,
only 26% of patients maintained a normal IGF-I whilst
continuing with pegvisomant.'®® The data are interest-
ing, because the response to cabergoline was much lower
than in a previously reported study.'®" In addition, in the
pegvisomant pivotal study, 54% of patients normalized
IGF-I after 12 weeks treatment with 10 mg.*°
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SS analog

Pegvisomant

SS and pegvisomant

Disease control

Normal IGF-| ~50%

Potential for control in most

Potential for control in most

asymptomatic
Gastrointestinal Intolerance ~10%

Injection site
reactions

Frequency of Monthly (6-8
administration weeks, lanreotide
Autogel)

patients patients
Tumor Shrinkage ~50% No evidence of tumor No evidence of tumor growth
growth
Glycemic control  Neutral Improved ++ Improved +
Hepatic Biliary tract disease = Elevated transaminases Biliary tract disease ~35%;
~35%; usually <5% usually asymptomatic

Elevated transaminases <10%
Lipohypertrophy

Daily (less frequent
injections may be possible in
well-controlled patients)

Intolerance ~10%

Daily to weekly pegvisomant

Table 1.16

Comparison of the potential advantages and disadvantages of somatostatin (SS) analog therapy,
pegvisomant monotherapy, and SS and pegvisomant combination therapy.

Radjiotherapy
Radiotherapy (see Chapter 4) is used much less fre-
quently than in the past. Its most frequent use is the
control of tumor growth in aggressive tumors that have
not responded to surgery and/or medical therapy. Its
utility for biochemical control is much reduced because
most patients can now be controlled with SS analogs
and pegvisomant. It may be used to avoid potentially
expensive long-term medical therapy, but there is a high
risk of rendering the patient hypopituitary.
Conventional conformal fractionated radiotherapy
can ultimately achieve biochemical control in about
60% of patients at 10 years, rising to >70% at 15 years.
Normalization of GH and IGF-I is dependent on the
pretreatment  levels.!®>'%¢  Stereotactic radiotherapy
or single-fraction radiosurgery may be preferred for
patients with smaller, more discrete tumors. Presently,
there is insufficient evidence to favor one technique over
another. Treatment choice is largely dependent upon
local facilities and expertise.

Pregnancy in acromegaly

There is little information available on the effects of
uncontrolled pregnancy and its treatment in the liter-
ature. This discrepancy may be in part because acro-
megaly is associated with gonadal dysfunction. If a
patient is planning pregnancy, the optimal scenario
would be to obtain biochemical control by surgery.
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The management of pregnancy in patients with active
disease remains controversial. Many patients will be
on medical therapy until conception, but then stop.
A recent report has reviewed the outcomes of 47 preg-
nancies in acromegalic women. Nine patients had no
medical treatment, six patients had DA agonist, six
patients had combination with DA agonist and SS
analog, one patient had pegvisomant SS combination,
24 patients had SS analog alone, and one patient had
pegvisomant. After gestation, medical therapy contin-
ued in 19 patients, in 10 for <20 weeks: 14 SS analog,
three DA agonist, and two pegvisomant. None of the
patients developed endocrine or neurological complica-
tions. All babies reached full term with normal weights.
An extended review of a further 59 pregnancies demon-
strated that 81% were without complication; three with
gestational diabetes mellitus; seven with preeclampsia;
and nine with exacerbations of symptoms of acromeg-
aly, in particular headaches. Eighty-three of the babies
were normal weight, seven were microsomic (five SS),
and five were macrosomic (two DA).!®” A case report of
pegvisomant treatment throughout pregnancy resulted
in a normal baby delivered at 40 weeks by caesarian sec-
tion. Importantly, fetal GH and IGF-I levels remained
normal throughout the pregnancy. Fetal pegvisomant
levels were minimal. Pegvisomant levels in the breast
milk were undetectable.'® In contrast, a case report
of octreotide LAR treatment throughout pregnancy
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demonstrated evidence of maternal—fetal transfer of
drug. The dose of octreotide LAR was reduced from 20
to 10 mg at 21 weeks gestation due to concerns of intra-
uterine growth retardation. A normal, healthy baby was
delivered by caesarian section at 38 weeks, with normal
postnatal development, weight, and height reaching the
50th centile at 3 months.!® In summary, from the lim-
ited data that are available, acromegaly is usually associ-
ated with normal pregnancy outcomes. Medical therapy
should be avoided whenever possible because of the
potential effects on fetal size.

Aggressive somatotroph adenomas

These tumors are generally sporadic, but they may
occur as a result of an underlying genetic defect, as in
MENI1!Y (see Chapter 9), FIPA> (see Chapter 2), Carney
complex (usually microadenomas),"'® and MAS 13114
They are most frequently seen in young adults. It has
recently been demonstrated that the aryl hydrocarbon
receptor—interacting protein (AIP) mutations seen in
some FIPA patients also occur in sporadic tumors.”®
These tumors are often sparsely granulated with a dot-
like keratin pattern. There are no predictive molecular
markers. They characteristically have a poor response to
SS analogs. Pegvisomant can usually provide biochemi-
cal control. Radiotherapy may be necessary to control
tumor growth.

Summary of management

Surgery remains the first-line therapy in most patients
(Figure 1.24). If surgical cure is not obtained, treat-
ment should be started with SS analog. Cabergoline

Surgery
contraindicated
Primary medical therapy <€——— Somatotroph adenoma

SS analog ¢

Transsphenoidal surgery ————3» Monitor 6 monthly

may be considered in patients with mild residual dis-
ease. If the patient remains uncontrolled, treatment
should be switched to pegvisomant. Pegvisomant
combination therapy with SS analog is an alterna-
tive option. In patients who have aggressive disease,
radiotherapy may be required in addition to medical
therapy. The positioning of pasireotide in the medical
treatment of patients with acromegaly remains to be

defined.

Cushing’s syndrome

Harvey Cushing first described the chromophobe pitu-
itary adenoma as being the underlying cause of some cases
of the condition,"! thereafter referred to as Cushing’s
disease. Although florid cases of Cushing’s syndrome are
easy to diagnose, subtler cases can be extremely difficult.
Alcohol abuse, obesity, and depression can all give rise
to “pseudo-Cushing’s syndrome,” not only mimicking
Cushing’s syndrome clinically but also, on occasion, bio-
chemically. In addition, some cases of Cushing’s disease
“cycle” in and out of active disease. A recent review of
201 patients identified 30 (14%) patients with a median
intercyclic period of 4 years, although the period can
be highly variable.!”? Once the diagnosis of Cushing’s
syndrome has been confirmed, it is necessary to make
a specific etiological diagnosis. Although the differen-
tiation of Cushing’s syndrome into ACTH-dependent
and ACTH-independent disease is usually straightfor-
ward, the identification of the source of ACTH in the
former can be very difficult. Neurosurgery should only

Pituitary MRI

& T

Normal/enlarged pituitary
- consider extra-pituitary acromegaly

T~

Identify ectopic source

Control

Uncontrolled Mass effect ¢
SS analog Radiotherapy Surgery
DA analog mild disease?
Uncontrolledi i Uncontrolled
Pegvisomant +/-SS analog ~ <€&——— SSanalog
Uncontrolled

Figure 1.24
Treatment algorithm for patients with acromegally.
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be carried out by a dedicated neuroendocrine surgeon.
An experienced endocrine surgeon should be available
for bilateral adrenalectomy, and there should be ready
access to thoracic surgery.

Clinical features of
Cushing's syndrome

The clinical signs of Cushing’s syndrome are well rec-
ognized (Figures 1.25 and 1.26) and are summarized in
Table 1.17. Patients most commonly present complain-
ing of rapid weight gain. Growth retardation occurs
in >80% of children and adolescents. This growth
retardation, together with weight gain, is an import-
tant discriminating feature of Cushing’s syndrome in
this age group. Oligomenorrhea and amenorrhea are
commonly associated presentations in women. Some
patients complain of weakness, particularly if their
work involves a great deal of physical activity. Difficulty
with climbing stairs is a frequent complaint. Recurrent
infections are occasionally a presenting problem. The
majority of patients will have some form of psycho-
logical disturbance, ranging from mild symptoms to a
severe psychosis.

Cushing’s syndrome is associated with severe mor-
bidities (Table 1.18). A 2-year review of 481 patients
with Cushing’s syndrome from the European Registry
on Cushing’s syndrome (ERCUSYN) summarizes
the morbidities associated with the different etiolo-
gies of the disease.!”” Patients characteristically have
a rounded, plethoric face. There is typically a central
distribution of body fat with contrastingly thin arms
and legs. The acquisition of body fat can be rapid,
occurring predominantly in the abdomen, both subcu-
taneously and intra-abdominally. Intra-abdominal fat is
particularly distributed around the viscera and can be
clearly demonstrated on CT or MRI scans (Figure 1.27).
In contrast, children tend to have generalized obesity.
The skin is thin compared with an individual of com-
parable age and sex. Bruising is frequently present.
Striae, typically violaceous or red, occur most com-
monly around the axillae and abdomen, but they can
also occur in the lumbar or gluteal regions, around
the thighs, upper arms, and breasts. Acne frequently
occurs and may be associated with hirsuties and alope-
cia. Acanthosis nigricans may be present, indicative of
hyperinsulinemia. There may be evidence of cutaneous
infections with viral warts, oral candidiasis, and fun-
gal infections, reflecting immunosuppression. Proximal
myopathy should always be sought and is best assessed
by asking the patient to rise from a squat without using
a support, with the back kept straight.
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Osteoporosis can be extremely rapid in onset, with
serious sequelae. The ERCUSYN review found that
osteoporosis had a higher prevalence in men, with
more vertebral and rib fractures, than women.'”? QoL is
severely affected. A disease-specific QoL questionnaire,
CushingQoL, has been developed.'*4

Psychiatric complications occur in >60% of patients
with Cushing’s syndrome, most commonly depression.
There are significant associations with increasing age,
female sex, and higher urinary free cortisol levels.!”
It is essential that all patients with Cushing’s syndrome
undergo a formal psychiatric assessment both at pre-
sentation and after their treatment. It is important to
realize that the psychiatric/psychological component of
the disease is often extremely severe and may take many
months to remit after curative treatment. It is most
important that patients are warned of this before treat-
ment is undertaken.

Mortality of Cushing’s syndrome

The early reports of Cushing’s syndrome documented a
mortality of about 50% in 5 years.!"”b1%¢ These patients
almost certainly reflected the extreme end of the spec-
trum. In a review of 60 Cushing’s disease patients at a
single U.K. center, the overall SMR was 4.8 (95% CI,
2.8-8.3), with 9/13 deaths due to cardiovascular disease.
SMR for persistent disease was 16 (6.7-38.4) and 3.3
(1.7-6.7) for those in remission. Hypertension and dia-
betes mellitus were associated with significantly poorer
survival.'”” Mortality was further analyzed in a meta-
analysis in seven studies that demonstrated an overall
SMR of 2.2 (1.45-3.41). Data from four of the studies
(which included the U.K. center) demonstrated an SMR
of 5.5 (2.7-11.3) for patients with persistent disease but
an SMR of 1.2 (0.45-3.2) for patients in remission.!’
A single-center study of the mortality of 80 patients with
Cushing’s disease, treated by transsphenoidal surgery, has
demonstrated a similar overall SMR of 3.17 (1.7-5.43),
with an SMR of 4.12 (1.12-10.54) in the persistent dis-
ease/recurrence groups, but a persistently increased SMR
of 2.47 (0.8-5.77) in the cure group. Although comor-
bidities such as hypertension and body mass index (BMI)
improved after surgery, there was evidence of long-term
cardiovascular damage with LVH and ischemic heart
disease on electrocardiogram.!”® A retrospective review
of 346 patients operated on by the same surgeon identi-
fied increased mortality to be associated with duration
of preoperative symptoms until postoperative remission
was achieved by any means, older age at diagnosis, and
preoperative ACTH concentration. In the groups who
achieved overall (immediate and late) and immediate
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Figure 1.25
Patient with Cushing's disease (a) 2 years before presentation and (b-d) at presentation.
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Figure 1.26
Teenage girl with Cushing's syndrome secondary to the production of a CRH-like peptide (a) 18 months
before presentation and (b) at presentation.

remission, depression at diagnosis and male sex were
associated with increased risk of death.!?

Inevitably, over such long periods of review, treat-
ment paradigms have changed. The data emphasize the
importance of optimizing the control of cardiovascular
disease and diabetes in all patients after surgery or other
treatments, regardless of cortisol status. The long-term
mortality risk in patients who have undergone curative
surgery remains to be demonstrated in adequately pow-
ered long-term follow-up studies.

Causes of Cushing’s syndrome

Cushing’s syndrome is ACTH-dependent in about 80%
of cases. About 70% of cases are caused by a corticotroph
adenoma of the pituitary gland (Cushing’s disease), with
the remainder being caused by ectopic ACTH produc-
tion. Primary adrenal disease accounts for about 20% of
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cases of Cushing’s syndrome®° (Table 1.19). MEN1 may
be associated with Cushing’s disease and also adrenal

tumors.>%!

Cushing’s disease

Cushing’s disease is very rare, with a currently estimated
prevalence of 1.2-2.4 per 100,000. It is 3 to 4 times
more common in females.?? The majority of cortico-
troph adenomas are microadenomas. Crooke’s hyaline
change due to corticotroph suppression may be present
in surrounding normal corticotrophs and also occasion-
ally within tumor cells themselves.?”> Macroadenomas
are often aggressive in their behavior and occur more
frequently in males, particularly for the so-called silent
corticotroph adenoma.””>® These tumors present as clin-
ically nonfunctioning pituitary adenomas, often with
mass effects. Immunostaining of the tumor is posi-
tive for ACTH. The tumors tend to be recurrent and
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Best discriminators
Plethoric, rounded face
Bruising
Livid, purple/red striae
Proximal myopathy
Other typical features
Central distribution of body fat, with
correspondingly thin arms and legs
“Buffalo” hump (cervical fat pad)
Thin skin
Poor wound healing, scarring
Acne
Alopecia
Hirsuties
Edema

Table 1.17
Clinical signs of Cushing’s syndrome.

Infection

Poor wound healing
Hypertension

Diabetes mellitus

Deep venous thrombosis/pulmonary embolism
Ischemic heart disease
Oligomenorrhea/amenorrhea
Myopathy

Osteoporosis

Glaucoma

Reduced QoL

Psychiatric

Table 1.18
Clinical associations with Cushing’s syndrome.

increasingly aggressive in time, associated with increas-
ingly severe Cushing’s disease. Rarely the tumors metas-
tasize.”*® Nelson’s syndrome describes the rapid growth
of a corticotroph adenoma after medical or surgical
adrenalectomy. The reported incidence varies between
8% and 43% over long-term follow-up. This incidence
is associated with a rapid increase in serum ACTH
levels, manifested by increasing skin pigmentation*4
(Figure 1.28). Nelson’s tumors can be highly aggres-
sive and can become resistant to treatment. They tend

Figure 1.27

Coronal abdominal MRI scan (T1-weighted) of a
patient with Cushing’s syndrome, demonstrating
retroperitoneal fat and an enlarged left nodular
adrenal gland (arrow).

ACTH dependent %
Corticotroph adenoma (Cushing'’s 70
disease)

Ectopic ACTH production 10

ACTH independent
Adrenal adenoma 10
Adrenal carcinoma 5)
Nodular adrenal hyperplasia 5

Primary pigmented nodular adrenal
disease
Massive macronodular adrenal
hyperplasia
Ectopic receptor expression

ACTH, adrenocorticotropic hormone.

Table 1.19
Causes of Cushing’s syndrome.

to occur in tumors with an underlying propensity for
aggressive behavior, such as silent corticotroph adeno-
mas. Prophylactic pituitary irradiation after bilateral
adrenalectomy reduces the risk.?®~207

Corticotroph hyperplasia rather than a cortico-
troph adenoma is occasionally seen. The presence of
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(@)
Figure 1.28

Nelson’s syndrome. (a) Patient at presentation with a recurrent corticotroph adenoma. (b and c) Two years
later, after bilateral adrenalectomy. The tumor finally developed into a pituitary carcinoma. The patient
originally presented with a visual field defect from a silent corticotroph macroadenoma.

hyperplasia should always raise the possibility of an
ectopic source of CRH.

Ectopic hormone production

Cushing’s syndrome secondary to ectopic production of
CRH or ACTH is most commonly due to a bronchial
carcinoid, but it may be associated with several other
tumors, notably gastroenteropancreatic tumors, thy-
mic carcinoid, medullary carcinoma of the thyroid, and
pheochromocytoma.??82% Ectopic ACTH production by
small cell carcinoma of the lung is usually associated
with a rapidly progressive wasting disease, with pig-
mentation and hypokalemic alkalosis.

Adrenal disease

Adrenal adenomas account for about 60% of cases of
ACTH-independent Cushing’s syndrome (Figure 1.29).
The majority of the remainder is accounted for by adre-
nal carcinomas.?”® Adenomas range in size from about
1 cm to 7 cm and often present with a relatively pro-
longed history, sometimes over a few years. Adrenal
carcinomas, in contrast, tend to be larger at presenta-
tion, often >6 cm. The patients often have typical symp-
toms of malignant disease, either from the local effects
of the tumor or from metastatic disease. The patients
may have a short history of rapid onset of Cushing’s
syndrome, or present with a wasting disease, similar
to ACTH-producing small cell carcinoma of the lung.
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Figure 1.29
CT scan demonstrating an adrenal tumor (arrow) in
a patient with Cushing's syndrome.

The tumors often produce high levels of steroid precur-
sors, resulting in virilization of females, hypertension,
and hypokalemic alkalosis.?'

Primary pigmented nodular adrenal disease
Patients with primary pigmented nodular adrenal
disease (PPNAD) present at a younger age than other
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causes of Cushing’s syndrome. The disease ranges from
subclinical or mild to severe. About 50% of patients
have autosomal dominant disease, as described by
Carney et al.?! The Carney—myxoma endocrine com-
plex exists in at least two genetically distinct forms,
one of which maps to chromosome 17 and the other
to chromosome 2. The chromosome 17 form, Carney
complex type 1, has been shown to be due to muta-
tions in the protein kinase A regulatory subunit 1ot.2!?
This condition is heterogeneous, typically consisting
of pigmented/blue naevi and lentigines, in association
with many different tumors, such as somatotroph ade-
nomas, cutaneous myxomas, cardiac myxomas, breast
tumors, testicular tumors, and peripheral nerve lesions.
Imaging of the adrenal glands can be variable, rang-
ing from apparent normality to bilateral enlargement,
or asymmetric nodularity. Pathological examination
reveals small, unencapsulated, pigmented adrenal nod-
ules, ranging from 1 ¢cm upward. There is atrophy of
the surrounding adrenal tissue, unlike in macronodular
adrenal hyperplasia (MAH). Adrenocortical cancer has
been reported in a family with Cushing’s syndrome due
to Carney complex.?!?

Macronodular adrenal hyperplasia

MAH describes a radiological appearance, rather than
a distinct disease entity. The adrenal glands exhibit
nodules varying in size from 0.5 to 7 c¢m. Unlike
PPNAD, there is hyperplastic adrenal tissue between
the nodules. It is not uncommonly seen in patients
with Cushing’s syndrome and can give rise to diag-
nostic confu