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Preface

The pituitary is referred to as the master gland, emphasizing its critical role in endo-
crine physiology as the key intermediary between the central nervous system and
most of the peripheral endocrine glands. Optimal pituitary function is vital for nor-
mal growth and development, sexual function and fertility, and healthy aging.
Where pituitary hormone excess or deficiency is discovered, successful medical
management entails an in-depth understanding of hormonal interactions together
with a patient-centered approach, considering age, desire for fertility, and the health
consequences of hormone abnormalities, including quality of life. When pituitary
tumors are responsible for hormone abnormalities, a multidisciplinary approach is
necessary, which includes a dialogue between endocrinology, neurosurgery, neuro-
ophthalmology, and radiation oncology, among other specialties.

Our intent was to compile a collection of chapters that would provide a compre-
hensive, case-based approach to the diagnosis and management of pituitary disor-
ders that are encountered in clinical practice. The organization of the chapters is
intended to move through each stage of the lifecycle: from childhood to adoles-
cence, through fertile years and adulthood, to older age. We have been privileged to
have received contributions from many of the world’s pituitary experts, and we are
particularly grateful for their efforts during a pandemic, where they had to take on
additional roles and responsibilities. Our hope is that this book will be a practical
resource for trainees and practicing clinicians from many specialties including pedi-
atricians, internists, endocrinologists, gynecologists, and neurosurgeons.

Jacksonville, FL, USA Susan L. Samson
Atlanta, GA, USA Adriana G. Ioachimescu
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Chapter 1
Pituitary Disorders Affecting Linear
Growth: Short Stature

Meghan Craven, Karuna Shekdar, and Vaneeta Bamba

Overview of Assessment and Evaluation of Short Stature

Growth occurs in a predictable pattern depicted in growth charts and can be divided
into four major phases: fetal, infantile, childhood, and adolescence. A variety of
factors impact growth, and in fact, different hormones impact growth throughout
childhood and adolescence. Growth during the fetal period is the fastest and relates
predominantly to maternal health and nutrition. During infancy, growth progres-
sively slows and infants often cross to a length percentile more in line with their
genetic potential. After the age of 2, growth in the prepubertal child should become
somewhat constant, growing 5 cm per year or more. Height velocity of 4 cm or less
per year or shifting major percentiles during this time frame is less common. Growth
then accelerates during puberty and then eventually after puberty is complete, the
epiphyses fuse and growth is complete [1-3].
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To assess growth, measurement of length or height must be accurate, which can
be accomplished using fixed measurement equipment and proper positioning.
Children younger than 2 years should be measured in a supine, recumbent position.
The child’s head is positioned against a fixed and rigid measuring board in the
Frankfurt plane, in which the outer canthi of the eyes are in line and external audi-
tory meatuses are perpendicular to the long axis of the trunk; shoes should be off,
legs fully extended and feet maintained perpendicular to the plane of the supine
infant. Standing height (no shoes) should be obtained using a stadiometer with the
head in the Frankfurt plane and the back of the head, thoracic spine, buttocks, and
heels approximating the vertical axis of one another and the stadiometer [4].

The length or height is plotted on the growth chart; each chart is composed of
sequential percentile curves showing the distribution of length or height, indicating
the percentage of children at a given age on the x-axis whose measured value falls
below the corresponding value on the y-axis. The American Academy of Pediatrics
and the Centers for Disease Control (CDC) recommend the use of the 2006 World
Health Organization (WHO) growth curves for children 0—24 months of age and the
2000 CDC growth curves for children ages 2—19 years [5-7]. Specialized growth
charts have been created for children with various conditions, including very-low
birth weight, small for gestational age, trisomy 21, Turner syndrome, and achondro-
plasia, and should be utilized when appropriate. Growth failure is defined as a
growth velocity below that expected for a child’s age, sex, and pubertal stage or the
downward crossing of two or more major height percentiles [8]. In addition, the
child’s genetic height potential, or sex-adjusted mid-parental height, should be con-
sidered, calculated by adding together the heights of the biological parents, either
adding 5 inches (13 cm) for a boy or subtracting 5 inches (13 cm) for a girl, and then
dividing the total in half [9, 10]. By following the stature on the growth chart at each
visit, one can get a sense of the growth pattern and assess for abnormalities. Any
deviations from normal growth patterns or the child’s genetic height potential
should be evaluated. Evaluation and therapy differ depending on the likely cause of
the short stature, and a detailed history and physical examination can often suggest
the diagnosis and guide the workup as demonstrated in the cases below.

Growth Hormone Deficiency

Growth hormone (GH) is a critical hormone in regulating growth. It is synthesized
and secreted from the anterior pituitary somatotrophs in a pulsatile fashion. Secretion
is regulated by the hypothalamic peptide hormones GH-releasing hormone (GHRH)
and somatostatin, which, respectively, stimulate and inhibit GH release. Growth
hormone production is primarily regulated by GHRH, while somatostatin affects
the timing and amplitude of GH secretion. The combined effects result in the pulsa-
tile nature of growth hormone and can be altered by a variety of factors including
neurotransmitters, neuropeptides, and other hormones, many of which are secreted
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Table 1.1 Differential causes of disruption of the GH-IGF axis

Hypothalamus Congenital malformations, such as holoprosencephaly
Traumatic brain injury

Encephalitis/meningitis

Central nervous system tumors

Pituitary Ectopic pituitary/pituitary hypoplasia
Anencephaly or agenesis of the corpus callosum
Pituitary tumors

Hypophysitis

Idiopathic GH deficiency
GH receptor Laron syndrome
Post receptor signaling IGF insensitivity

during normal physiologic states such as stress, sleep, fasting, and exercise, as well
as feedback from the insulin-like growth factor polypeptides. Circulating GH is
attached to GH-binding protein (GHBP), which corresponds to the extracellular
domain of the GH receptor. Binding to the receptor induces downstream production
of insulin-like growth factor 1 (IGF-1) and its carrier protein insulin-like growth
factor binding protein 3 (IGFBP-3), which mediates many of the growth hormone’s
actions triggering cellular hypertrophy and proliferation in target tissues [11]. The
circulating levels of these growth factors correlate with GH secretion but are not
subject to the same fluctuations seen in growth hormone levels and, therefore, often
are useful in evaluation as discussed later in this chapter. Disruption of the GH-IGF
axis can occur at any level (see Table 1.1) leading to clinical presentation with short
stature.

Case Presentation 1

An 18-month-old female presents with growth failure. Weight and length at birth
were appropriate for gestational age with significant hypoglycemia following deliv-
ery requiring a 1-week NICU hospitalization. She was discharged home feeding
every 2-3 h with no further glucose monitoring. Mother notes she has been followed
closely for developmental delay and she has not yet started to walk. Exam is notable
for a height —2.5 SD, maxillary hypoplasia, and a prominent forehead.

Isolated GH deficiency (GHD) occurs in as many as 1 in 3500 to 1 in 10,000
children [12—14]. Infants with congenital isolated GHD tend to have a normal birth
size; however, postnatal growth is abnormal. Severe GHD in early childhood results
in growth failure by 6 months of age, increased truncal adiposity, and slower mus-
cular development, potentially resulting in delayed gross motor milestones. Some
children with severe GHD have the classically described cherubic facial features
including maxillary hypoplasia and a prominent forehead. Milder GHD may pres-
ent after 1 year of age.
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Case Presentation 2

A 14-day-old male is admitted with prolonged conjugated hyperbilirubinemia. On
exam, micropenis is noted. Imaging shows the absence of the septum pellucidum
concerning for septo-optic dysplasia (SOD) (Fig. 1.1).

Growth hormone deficiency (GHD) may be isolated or combined with other hor-
mone deficiencies, known as multiple or combined pituitary hormone deficiency
(MPHD/CPHD). On physical exam, it is important to evaluate for dysmorphic fea-
tures and midline defects such as a central maxillary incisor or cleft palate

Fig. 1.1 T2 axial (a) and T2 coronal image (b) from MRI study in a 14-day-old patient with
absent septum pellucidum and characteristic dysmorphic frontal horns seen in the spectrum of
septo-optic dysplasia. T1 sagittal (¢) of the same patient showing small pituitary gland and ectopic
location of neurohypophysis
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suggesting possible hypothalamic or pituitary malformations. Septo-optic dyspla-
sia, more commonly seen in children born to younger mothers, is characterized by
any two of the three features: midline forebrain defects, optic nerve hypoplasia, and
hypopituitarism [15]. Approximately two-thirds have some degree of hypopituita-
rism varying from isolated GH deficiency followed by TSH and ACTH deficiency
to panhypopituitarism [16].

Case Presentation 3

A 12-year-old female presents with poor growth, headaches, and changes in vision.
Imaging shows a cystic and solid mass in the suprasellar region with calcifications
suggestive of a craniopharyngioma (Fig. 1.2).

Types of acquired GH deficiency in children include central nervous system
(CNS) tumors, craniopharyngioma, trauma/TBI, surgery/radiation, vascular acci-
dent, infiltrative disease, inflammatory conditions, histiocytosis, and autoimmune
conditions (Please also see Chap. 3).

Diagnosis and Evaluation

The diagnosis of growth hormone deficiency is based on auxology, laboratory eval-
uation, hypothalamic—pituitary imaging, and exclusion of other pathology such as
hypothyroidism, Turner syndrome, skeletal dysplasia, celiac disease, and chronic

i

Fig. 1.2 Axial CT image (a) and sagittal CT image (b) in a 12-year-old female with a cystic and
solid mass in suprasellar region with calcifications (white arrow) consistent with
craniopharyngioma
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systemic illness (e.g., Crohn’s disease, renal failure). Because of the pulsatile secre-
tion described above, measurement of a random serum GH level is not useful except
in the neonatal period before the development of sleep entrainment. Screening
instead involves measuring IGF-1 level, which is produced primarily in the liver in
response to GH and its carrier protein IGFBP-3, which regulates the availability of
free IGF-1 to the tissues [17].

Further evaluation may include provocative GH testing. Typical agents used in
children include arginine, clonidine, glucagon, and L-dopamine. Provocative growth
hormone testing should only be used in patients with a high pretest probability as
testing is non-physiologic, lacks precision, and is often not reproducible with
marked inter-assay variability. Testing is also invasive, expensive, and potentially
risky, with each agent having its own risks (see Table 1.2), and results are not pre-
dictive of response to treatment [17].

Sparse normative data results in a high frequency of false-positive results. In
order to diagnose GH deficiency, frequently two different stimulation tests are
performed, often in series on the same day, with abnormal in children defined as
less than 10 ng/ml. Some experts have advocated for estrogen priming prior to
GH stimulation testing to improve test specificity [18, 19]; guidelines recom-
mend priming in prepubertal girls older than 10 years and boys older than
11 years [20].

All children diagnosed with GHD should have magnetic resonance imaging of
the brain and pituitary to exclude intracranial tumor or structural abnormality as the
underlying cause [21, 22]. A genetic workup may also be considered with isolated
GH deficiency, especially if exhibiting inheritance pattern concerning for familial
GHD or if there are multiple pituitary hormone deficiencies identified based on
clinical presentation (see Tables 1.2 and 1.3); however, often the etiology is not
identified.

Table 1.2 Provocative GH testing agents

Time peak
Agent of GH Side effects
Arginine 60 min Cautious use in patient populations with high prevalence of
glucose-6-phosphate dehydrogenase (G6PD) deficiency
Clonidine 60 min Modest hypotension, hypoglycemia
Glucagon 2-3h Nausea, vomiting, sweating, headaches
Insulin® 45 min Rarely used in children due to severe hypoglycemia requiring
careful glucose monitoring
L-dopamine | 45 min Nausea, vomiting
Macimorelin | Approved for use in the adult population with suspected GHD.
There is no data for use in the pediatric population.

*Insulin-induced hypoglycemia is the most specific test for GHD
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Table 1.3 Genetic evaluation in growth hormone deficiency [23-28]
Gene Mechanism of action Association(s)
GH1 The encoded protein plays a critical role in Isolated severe GHD (height SD
synthesis and secretion of GH <4.5): midfacial hypoplasia, neonatal
hypoglycemia, and microphallus
GHRHR | Binding of growth hormone-releasing Isolated GHD, typically severe, but
hormone to the encoded G-protein-coupled | rarely associated with midfacial
receptor leads to synthesis and release of hypoplasia, neonatal hypoglycemia,
growth hormone and microphallus
Cause of familial GHD in the Indian
subcontinent and Brazil
GHSR Pituitary GHSR stimulates GH release Isolated GHD
PROP1 | The gene-encoding PROP1 is involved in the | Most common genetic cause of
early differentiation of multiple anterior MPHD (approximately 50% of
pituitary cell lines familial cases)
Associated with deficiencies in GH,
TSH, prolactin, and gonadotropins
(LH, FSH)
Plays less of a role in corticotrophs/
ACTH
POUIF1 | Expression of GHRHR is upregulated by Approximately 25% of familial
POUIFI and is required for the proliferation | MPHD
of somatotrophs, lactotrophs, and thyrotrophs | Associated with deficiencies in GH,
prolactin, and occasionally TSH
Small or normal anterior pituitary
HESX1 | Encoded conserved homeobox protein is a Optic nerve hypoplasia (ONH) and
transcriptional repressor that plays arolein | septo-optic dysplasia (SOD)
the embryonic development of the pituitary | Hypothalamic hypogonadism with
gland, eyes, and forebrain anosmia
GLI2 Encoded protein is a transcription factor that | Holoprosencephaly
mediates sonic hedgehog signal transduction | Partial agenesis of the corpus
callosum
Craniofacial abnormalities
Postaxial polydactyly
Single nares
Single central incisor
SOX2 SOX (SRY-related high mobility group box) | Hippocampal abnormalities
transcription factors are early markers of Corpus callosum agenesis
progenitor cells and play a role in the Esophageal atresia
embryonic development of the pituitary Hypothalamic hamartoma
gland, eyes, and forebrain Sensorineural hearing loss
SOX3 Dysgenesis of the corpus callosum

Variable developmental delay

GHI growth hormone 1, GHRHR growth hormone-releasing hormone receptor, GHSR growth
hormone secretagogue receptor, PROPI PROP paired-like homeobox 1, POUIFI POU class 1
homeobox 1, HESX! HESX homeobox 1, GLI2 GLI family zinc finger 2, SOX2 SRY-box tran-
scription factor 2, SOX3 SRY-box transcription factor 3
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Treatment

GHD was first treated in 1958 using purified human growth hormone (hGH) from
donor cadavers, requiring about 400 cadaver pituitaries to treat one child with hypo-
pituitarism for a year [29, 30]. As a result, treatment was limited to very severe
cases. This practice persisted until 1985, partly due to the risk of Creutzfeldt—Jacob
disease and partly due to the introduction of human growth hormone therapy pro-
duced via recombinant DNA technology. Recombinant human growth hormone
therapy (rhGH) allowed for an increased supply not only to treat more patients but
also to treat patients with higher doses for a longer period of time [30].
Recombinant human growth hormone therapy is administered via nightly subcuta-
neous injections. Contraindications include active malignancy. Patients should be
monitored for signs and symptoms of side effects including pseudotumor cerebri,
slipped capital femoral epiphysis, insulin resistance, worsening scoliosis, and develop-
ment of central hypothyroidism in patients with MPHD (due to increased conversion
of thyroxine to triiodothyronine) [31]. Response to GH, if started in early childhood,
may yield normal adult height [32, 33]. Historically, patients with untreated GHD had
a mean adult height Z-score of —4.7; however, those treated with rhGH are able to
achieve adult heights in the normal range, especially if prepubertal at initiation of treat-
ment with thGH [34]. In addition to the increased height, thGH treatment in patients
with GHD also improves bone mineral density, increases lean muscle mass, and
decreases fat mass [20]. For children receiving thGH treatment who are not GH defi-
cient, however, the benefits are limited to height alone, often with less of an effect [35].

Other Pituitary Causes of Short Stature

Other hormones that affect growth include thyroid hormone, glucocorticoids, insu-
lin, androgens and estrogens.

Case Presentation 4

A 10-year-old male presents with a history of CNS irradiation presents with
poor growth.

Central Hypothyroidism

Growth failure is a severe manifestation of hypothyroidism in children and can
take several years to present. Thyroid hormone deficiency causes short stature by
acting at the growth plates and having a permissive effect on the secretion of
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growth hormone. Central hypothyroidism, although rare, like growth hormone
deficiency, should be considered as a cause in any child with a history of trauma,
brain tumors, meningitis, irradiation, or congenital malformations. In addition,
children with evidence of hypopituitarism should be regularly monitored for the
onset of central hypothyroidism, as up to 30% of children may have normal levels
at birth [36].

On laboratory evaluation, free T4 values are often low with a low-normal T4 and
a low, normal, or elevated TSH. If the etiology is unknown, magnetic resonance
imaging of the brain and pituitary to evaluate for intracranial tumor or a structural
abnormality as the underlying cause should be performed. In addition, if central
hypothyroidism is suspected, assess the adrenal axis before initiating treatment.
Thyroid replacement therapy in untreated adrenal insufficiency can precipitate an
adrenal crisis by increasing the clearance of glucocorticoids. After adrenal insuffi-
ciency is addressed, central hypothyroidism is then treated with daily levothyroxine
with adjustments made based on the free T4 levels (not TSH), targeting the upper
end of the normal reference range [37].

Case Presentation 5

Case 5: A 15-year-old male initially seen for excess weight gain and growth failure
3 years ago now presents with delayed puberty.

Cushing Disease

Excess glucocorticoids trigger growth failure by increasing the secretion of soma-
tostatin, thus inhibiting secretion of growth hormone. Excess glucocorticoids also
act directly on the bone, inhibiting mineralization, sulfation of cartilage, and cell
proliferation. In children over 7 years, the most common cause of Cushing syn-
drome is Cushing disease: hypercortisolism caused by hypersecretion of pituitary
ACTH. The earliest sign of hypercortisolism in children is excess weight gain, not
necessarily central adiposity, with growth failure. This may be distinguished from
exogenous obesity, which is associated with increased growth with increased weight
gain; many children with exogenous obesity are tall for age [38]. Children with
excess weight gain in the setting of growth failure must be evaluated immediately
for endocrine causes of short stature, such as Cushing disease. Cushing disease may
be associated with delayed diagnosis for many years. In addition, children may
present with pubertal arrest due to the suppression of the gonadal axis by adrenal
androgens. Compulsive overachieving behavior and emotional lability have been
described in this population [38, 39]. The “classic” signs and symptoms of Cushing
disease present later with long-standing, advanced disease including moon facies,
hirsutism, facial flushing, striae, buffalo hump, acne, and hypertension.
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Among children, about 80-85% of those with Cushing disease have surgically
identifiable microadenomas with a cure rate of 65-75% via transsphenoidal surgery,
except in younger children when the sphenoid sinus is not yet aerated [39—42].
Short-term complications include transient diabetes insipidus. Permanent panhypo-
pituitarism is rare. The effects on growth hormone secretion may persist for
1-2 years after treatment with a final height reduction by 1.5-2.0 SD [43, 44]. If
growth hormone insufficiency exists, treatment with growth hormone may improve
the final height outcome.

Non-endocrine Causes of Short Stature

Normal growth is dependent not only on proper hormone function but on a variety
of factors and may be hampered by inadequate nutrition and presence of inflamma-
tion. Nutrition supports growth by providing the building blocks. Clinically, a nor-
mal BMI for age and gender suggests adequate nutrition; malnutrition, especially
the underweight state, influences growth. Generally, restoration of normal weight
must be stable over time before hormone levels and growth return to normal. In
addition, inflammation blocks proper growth, leading to subnormal growth during
chronic inflammation. Systemic disorders should be screened on initial evaluation,
as children may first present with growth failure; these systemic disorders may
include gastrointestinal diseases such as inflammatory bowel disease and celiac dis-
ease, renal diseases, and others.

Chronic glucocorticoid therapy may also contribute to a decreased growth in
children. A number of genetic syndromes can also be associated with short stature.
Females with short stature should be evaluated for Turner syndrome. Lastly, it is
important to remember the most common causes of short stature are normal physi-
ologic variants including familial short stature and constitutional delay of growth
and puberty (CDGP).

Conclusion

A thorough clinical history, accurate growth measurements, and screening for both
non-pituitary and pituitary causes are important in the evaluation of a child present-
ing with short stature.

Pituitary disorders, including congenital and acquired growth hormone defi-
ciency and central hypothyroidism, while rare, are often characterized by linear
growth failure without alterations in weight. Children with excess weight gain in the
setting of growth failure should be evaluated for Cushing disease as diagnosis may
be delayed for many years. Provocative growth hormone stimulation testing should
only be used in patients with a high pretest probability of GH deficiency. Clinicians
should consider monitoring for occurrence of multiple pituitary hormone
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deficiencies in the setting of known growth hormone deficiency or central hypothy-
roidism, especially in children with a history of trauma, brain tumors, meningitis,
irradiation, or congenital malformations.
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PRKARIA Protein kinase CAMP-dependent type I regulatory subunit alpha

SDHx Succinate dehydrogenase complex genes (SDHA, SDHB, SDHC,
SDHD, SDHAF2)

SSA Somatostatin analog

X-LAG X-linked acrogigantism syndrome

Case Presentation

A 14-year-old boy presented with increased growth velocity over the last 3 years, a
2-year history of constant tiredness, 1-year history of occasional headaches and
persistent left knee pain. He was born at full term with normal birth weight and
length and was developing normally until his growth accelerated.

Family history The family history revealed a paternal aunt diagnosed with acro-
megaly at the age of 32 years who, following two transsphenoidal operations and
radiotherapy, is now in remission on replacement with anterior pituitary hormones.
There was no history of kidney stones or abdominal tumors in the family, and both
parents of the proband are of average height.

Clinical examination A proportionately tall boy (187 cm; +3.18 SD) with arm
span close to his height; BMI, 20 kg/m? (+0.43 SD); adult height prediction using
parental height, 172.3 = 5.9 cm. His skin showed no café-au-lait spots. Shoe size
was 45 (European size); coarsening of the facial features with frontal bossing and
mild prognathism was noted. He had occasional headaches without visual distur-
bances. He was Tanner stage III and had no organomegaly and no skin or mucosal
abnormalities. Visual field testing was normal.

Hormonal assessment Age- and sex-adjusted IGF-1, 928 pg/L (1.5 x upper limit
of normal [ULN]); oral glucose tolerance test (OGTT) revealed normal glucose
metabolism but with no GH suppression (nadir GH, 3 pg/L). Prolactin, testosterone,
free T4, morning cortisol levels and corresponding pituitary hormones were normal.

Imaging Pituitary magnetic resonance imaging (MRI) with contrast showed a
19 mm pituitary adenoma with minimal suprasellar extension and no obvious cav-
ernous sinus extension. Bone age at the chronological age of 14.1 years was
14.6 years.

Treatment and follow-up The patient was diagnosed with pituitary gigantism and
underwent transsphenoidal surgery. Histopathology showed a sparsely granulated
somatotroph adenoma with immunostaining that was positive for GH and weakly
positive for prolactin, although the patient had a normal serum prolactin and no clini-
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cal signs of hyperprolactinemia. Twelve weeks after surgery, his serum IGF-1 was 1.3
x ULN and morning GH of 6.2 pg/L, while his testosterone, cortisol, and free T4
levels remained normal. He was started on a combination of maximum-dose first-
generation somatostatin analog (SSA) and 0.5 mg cabergoline 3 times/week. His car-
diac ultrasound was normal. Six months after the operation, he gained a further 7 cm
of height, IGF-1 levels remained elevated, morning GH was 5.5 pg/L, and repeat
pituitary MRI showed good clearance of the fossa but residual tissue on the right side
of the sella with normal pituitary tissue on the left side of the sella. The SSA and
cabergoline treatments were stopped, and he was initiated on pegvisomant 10 mg/day,
which was increased to 20 mg/day after 1 month, leading to normalization of his
IGF-1 level. He is under follow-up with 6 monthly pituitary MRIs and hormone tests
for the first 18 months and this might be spaced out to yearly MRIs and checkup.

He was referred for genetic testing. The patient, his father, and paternal aunt
were identified with a truncating AP mutation. His father, at the age of 46 years, has
normal physical examination, normal pituitary function, and a normal MRI. His
paternal grandparents, his younger brother, and his father’s two siblings also were
offered genetic testing.

Pathophysiology

Disorders of the GH axis leading to tall stature are characterized by GH excess
before the fusion of the epiphyseal growth plates. The most common cause is a
pituitary adenoma. Pituitary adenomas, recently alternatively termed as pituitary
neuroendocrine tumors (PitNETs), are defined by a benign tumor of the anterior
pituitary and represent approximately 10-20% of intracranial tumors [1, 2].
Recently, cancer registries show that in the age group of 0-19 years, PitNETs were
the most common non-malignant tumors and accounted for 13% of all tumors in
this age group [3]. Functioning PitNETs are more frequent across the pediatric pop-
ulation, in contrast to adults, and somatotroph adenomas account for 5-15% of
PitNETSs [4]. Most pituitary tumors occur sporadically (95%); however, germline
mutations associated with PitNETs, despite being rare, have drawn much attention
since some occur at an earlier age and behave more aggressively. Recognition of
familial PitNETs permits genetic counseling and screening for patients and their
relatives [5], therefore leading to an earlier recognition of the disease and to better
outcomes [6]. Gigantism is the most common disease with an identifiable genetic
background among patients with pituitary adenomas. Gigantism due to GH excess
can present as an isolated disease, such as in patient with mutations in AIP or
GPRI01 in X-linked acrogigantism syndrome (X-LAG), or can be part of multiple
endocrine neoplasia (MEN) syndromes such as MEN1, MEN4, McCune—Albright
syndrome (MAS), Carney complex (CNC), and syndromes associated with
paraganglioma-related genes and even neurofibromatosis type 1 [7].
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Pituitary Gigantism in Familial Isolated Pituitary
Adenoma (FIPA)

Familial isolated pituitary adenoma (FIPA) is defined by the occurrence of two or
more cases of PitNETs in a family, without other associated syndromic features, and
represents 2% of the PitNETs. FIPA families display most commonly GH- or
prolactin-secreting tumors [5, 6, 8, 9]. A recently published study on 355 FIPA
families revealed that out of 37 AIP mutation—positive kindreds, 97.8% had at least
one somatotropinoma case, and gigantism was the most predominant clinical diag-
nosis [6].

The genetic inheritance in FIPA is autosomal dominant but with low and variable
penetrance. In the largest study to date, 10% of FIPA families have been shown to
harbor a mutation in AIP [6], while in three X-LAG families, duplication of the
orphan G protein—coupled receptor GPRI0I has been described [10].

Aryl Hydrocarbon Receptor-Interacting Protein (AIP) Gene

AIP is a tumor suppressor gene, mapped on the long arm of chromosome 11 at
position 13.2. It has 6 exons and encodes a protein expressed in all tissues [5,
11]. Although AIP is found ubiquitously, it appears that heterozygous loss-of-
function AIP mutations are linked to PitNETs and no other neuroendocrine neo-
plasms [12]. Truncating mutations account for most A/P mutations [5, 13], and
it is well known that the C-terminal end of the molecule is key to its stability and
function.

Apart from FIPA kindreds, germline AIP mutations can be also detected in
‘apparently’ sporadic PitNETs, with no prior family history (simplex cases) with
prevalence up to 20% in childhood-onset somatotroph tumors. In fact, more than
half of AIP positive probands belong to the simplex group [6]. AIP mutations have
been described in patients with GH-, prolactin-, and TSH-secreting tumors, and in
some clinically non-functioning tumors, many of those are staining positive for GH
or prolactin. AIP mutations are particularly frequent in gigantism [6, 8, 14], where
approximately 30% of identifiable genetic mutations are ascribed to AIP mutations
[15, 16]. Patients with AIP mutation—positive somatotropinomas have an earlier
disease onset, and in a significant proportion of cases, first symptoms occur in chil-
dren or adolescents; hence, gigantism is more common in this category [6, 15, 17]
(Table 2.1). First symptoms are usually reported between the age of 10 and 20 years
[16], although the disease may manifest as early as 4 years [20] or can have a more
indolent course (Fig. 2.1). Affected individuals often present with macroadenomas
with suprasellar and cavernous sinus extension, with a higher rate of pituitary apo-
plexy, especially in children [6, 21]. Despite the suggestion of a male predominance
in FIPA and simplex cases with AIP mutations [13, 17, 22, 23], which may be
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Table 2.1 Main characteristics in FIPA kindreds with or without AIP/GPR101 mutations

AIP GPRI101 Genetically negative
Characteristics mutation duplication for AIP and GPR101
Prevalence in gigantism [15, 16] 29-41% 8-10% 51-54%
Prevalence in FIPA (%) [16, 18] ~57% ~28%
Gender predominance [15, 16, 19] Male Female Male
Median age of onset (years) [16] 15 1.9 15
Median age at diagnosis (years) [16] 16 4.4 18
Hyperprolactinemia [16] ~23% ~83% ~32%
Pituitary hyperplasia [16] 2.6% 25% Not observed
Macroadenoma [15] ~90% ~77% ~92%
Suprasellar extension [16] ~71% ~92% ~65%
Pituitary apoplexy [16] 14.5% Not observed ~3%
Number of treatment (median) [16] 2 3.5 3
Rate of hypopituitarism [16] ~46% ~67% ~58%

Abbreviations: AIP aryl hydrocarbon receptor—interacting protein; F7PA familial isolated pituitary
adenoma, GPR101 G protein—coupled receptor 101

Phenotypic spectrum of AIP carriers

<10 years, 10-20 years, Slower growing Stable Carrier
apoplexy, invasive invasive ‘incidentaloma’  Normal pituitary

Clinically-diagnosed Prospectively-diagnosed

Fig. 2.1 AIP carrier presentation may lie on a spectrum. Typical patients present in the second
decade with large invasive GH-secreting adenomas or they have no pituitary disease. Earlier or
later onset and slower growing or stable non-functioning lesions can also be identified. (The left
figure is reproduced from Dutta et al. [20]) (AIP, aryl hydrocarbon receptor interacting protein)

partially explained by physiologically later pubertal onset in boys and consequently
later growth cessation [13, 24], as in large fully screened AIP mutation families, the
numbers of male and female affected are similar [8]. The phenotypic spectrum of
AlP-related pituitary tumors is shown in Fig. 2.1.

Regarding our case: Many of the features in our case match the characteristics
of AIP mutation—positive patients.
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G Protein—Coupled Receptor 101 (GPR101) Gene and X-Linked
Acrogigantism (X-LAG)

X-LAG is a recently identified early onset gigantism, which occurs due to duplica-
tion of GPRI101, usually as part of a microduplication at chromosome Xq26.3
encompassing this gene [19, 25]. GPRI01 is strongly expressed in the hypothala-
mus and, during fetal development, in the pituitary gland [26]. The encoded product
is a G protein—coupled receptor with unclear function related to the GH axis,
although recently a ligand has been identified in immune cells [27]. One of the
mechanisms leading to pituitary adenomas or hyperplasia is a dysregulation of
growth hormone-releasing hormone (GHRH) [28]. X-LAG can occur rarely in a
familial form, until now always female-to-male transmission. Simplex female cases
are usually germline mutations, while simplex males have mosaicism [16, 29, 30].
The clinical characteristics of X-LAG patients are listed in Table 2.1. Affected indi-
viduals are usually born with a normal birth weight and length, although one case
has been shown to have a pituitary tumor already in utero [31]. They present a strik-
ingly accelerated growth velocity during the first 2 years of life. In addition to high
growth velocity, clinical features include increased appetite, acral enlargement, and
facial coarsening, as seen in adult acromegaly and more rarely in other forms of
gigantism. Marked hypersecretion of GH and IGF-1 and usually with hyperprolac-
tinemia characterize the biochemical abnormalities [18, 25]. Management of
X-LAG often requires multimodal treatment as there is poor response to SSAs [18].
GH receptor antagonist treatment (with or without SSA/dopamine agonist) could be
considered as first-line treatment to rapidly reduce growth velocity. Patients with
pituitary hyperplasia and normal thyroid, adrenal, and gonadal function may be
managed with medical treatment only as surgical resection would result in hypopi-
tuitarism [25].

Regarding our case, the patient is unlikely to suffer from GPRI101 duplication, as
age of onset of tall stature was in the second decade, the aunt with acromegaly did
not have childhood-onset disease, and the father, an obligate carrier; is unaffected,
while penetrance of GH excess is 100% in X-LAG, and the father, under usual cir-
cumstances, cannot transfer a mutation to the son of a gene on the X chromosome.

Other Genetic Mutations in FIPA

Continuous improvements in understanding the genetic background that underpins
FIPA have been made, although in the vast majority of the cases (80%), the etiology
is unknown. Zhang et al. described in a family with 17 asymptomatic members and
4 affected individuals (two with acromegaly and two with non-functioning PitNETs)
a heterozygous missense mutation within the CHD23 gene, a member of the cad-
herin superfamily, which encodes calcium-dependent cell adhesion molecules.
Genomic screening performed on 12 families with PitNETs, 125 subjects with spo-
radic PitNETs, and 260 healthy controls showed that 33% of the FIPA patients and
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12% of the individuals with sporadic PitNETs harbored functional cadherin-related
23 (CDH?23) variants in contrast with the healthy individuals, where only 0.8% car-
ried functional CDH23 variants [32]. As homozygous CDH23 changes are associ-
ated with Usher syndrome and parents and family members in Usher syndrome
families have never been reported with pituitary adenomas, further studies are nec-
essary to clarify the role of the CHD23 gene in both familial and sporadic PitNETs
[32, 33].

Regarding our case, AIP-/GPRI0I-negative FIPA usually manifests at adult
ages. No gigantism has been described with CDH23.

Pituitary Gigantism in Syndromic Diseases
Carney Complex (CNC)

Carney complex is a rare autosomal dominant inherited disease where germline
mutations in the protein kinase CAMP-dependent type I regulatory subunit alpha
(PRKARIA) gene are responsible for CNC in the majority of the cases [5]. The
phenotype of CNC is characterized by pigmented skin lesions, myxomas (cardiac
and cutaneous), and multiple endocrine tumors including PitNETs. Pituitary hyper-
plasia and asymptomatic elevations of GH and IGF-1 are frequently reported (up to
75% of affected individuals), whereas clinical acromegaly is visible in 10-12% of
patients [5]. Despite the fact that patients frequently exhibit GH excess, gigantism
has been reported in only a few cases [24, 34].

No other manifestation of CNC has been seen in our case, and there was no posi-
tive history of characteristic lesions in the father, while in CNC, we expect 100%
penetrance.

McCune-Albright Syndrome (MAS)

Mosaic mutations in the GNAS gene are responsible for MAS, a disorder classically
characterized by the occurrence of polyostotic fibrous dysplasia, café-au-lait spots,
and peripheral precocious puberty [13]. Apart from the classical phenotype, 20-30%
of the affected individuals present GH excess and commonly hyperprolactinemia,
due to pituitary hyperplasia rather than a PitNET, manifested usually before 20 years
of age [21, 34]. Craniofacial fibrous dysplasia in patients with MAS leads to ana-
tomical deformities, making it difficult for surgical approaches, and also carries a
risk for radiation-induced osteosarcoma; hence, both surgical management and
radiotherapy are limited in these patients with GH excess [5, 11].

Our patient has an affected family member and none of the other manifesta-
tions of MAS.
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Multiple Endocrine Neoplasia Syndrome Types 1 and 4 (MEN1, MEN4)

MENI is a tumor suppressor gene mapped on chromosome 11q13, close to the locus
of the AIP gene, which encodes menin. Inactivating mutations are responsible for
MENI1 syndrome, a rare inherited autosomal dominant disease with a high pene-
trance, characterized by the presence of hyperparathyroidism, PitNETs with
somatotropinomas in a quarter of the cases, and neuroendocrine tumors (NETs) of
the pancreas. Pituitary gigantism is considered to be rare in MEN1 [15]. It can be
either due to a pituitary adenoma [35] or due to ectopic GHRH secretion arising
from a pancreatic NET [36], and in such cases, a thorough assessment should be
made to prevent unnecessary pituitary surgery. In patients with the characteristic
phenotype of MENI1 syndrome, but without a MENI mutation, screening for
CDKNIB mutations should be considered since pituitary gigantism has also been
reported in multiple endocrine neoplasia syndrome type 4 (MEN4) syndrome
[21, 37].

Neither our patient nor his father or aunt had any MEN1-like manifestations,
and there was no evidence of hyperparathyroidism; therefore, MENI syndrome is
not likely.

Syndromes Involving Paragangliomas

There are an increasing number of patients described with pheochromocytomas,
paragangliomas, and pituitary adenomas, named pituitary paraganglioma pheochro-
mocytoma association (3 Pa). The role of succinate dehydrogenase complex genes
(SDHA, SDHB, SDHC, SDHD, SDHAF2) (SDHx) in pituitary adenomas has now
been established with a significant minority of the cases representing somatotroph
adenomas [38], while other genes are also emerging, including the MYC-associated
factor X (MAX), which has also been described to be associated with gigantism [39].

Regarding our case, there is no personal or family history suggesting 3Pa-like
manifestations.

Neurofibromatosis Type 1 (NF1)

Neurofibromatosis type 1 is another inherited autosomal dominant disease caused
by mutations in the NF/ tumor suppressor gene located at 17q11.2 [40]. The disease
has a complete penetrance, but with variable degrees of manifestations mainly
affecting the skin, bone, and nervous system [41]. Gigantism can manifest in NF1
patients with optic pathway gliomas causing GH excess due to diffuse pituitary
hyperplasia rather than a PitNET [5]. In a cohort of 64 children with NF1, 10% had
GH excess and an optic pathway glioma involving the chiasm was present in all of
the cases [42]. In line with these observations, NF1 syndrome should be taken into
account in the differential diagnosis of pituitary gigantism.
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Our patient had no family history of NF1 nor any signs of manifestations includ-
ing an optic glioma.

Diagnostic Testing and Monitoring

A key question is who should be screened for A/P mutation. Four significant predic-
tors for carrying an AIP mutation (positive family history, young age of onset,
somatotroph tumor type, and large tumor size) have been identified. Age of disease
onset is the strongest predictive factor, and consequently, all children with gigan-
tism should be screened for AIP mutations [14]. Once a mutation is identified in a
proband, cascade genetic testing should be performed for first-degree relatives of
gene mutation carriers, especially children [6].

Surveillance of Affected Patients with AIP Mutation

This is not significantly different from sporadic patients with GH excess, although
recurrence should be carefully monitored as more common than in sporadic acro-
megaly patients. Annual assessment with a focus on, depending on the status and
previous treatments (see below):

e Anthropometry, growth velocity, pubertal development.

e Serum IGF-1, prolactin, TSH, and free T4, morning cortisol, testosterone along
with LH and FSH, and if indicated, dynamic testing for GH excess (OGTT) or
cortisol deficiency (insulin tolerance test) should be considered.

 Pituitary MRI, frequency depending on clinical disease activity status and previ-
ous treatments and the response to previous treatments [43].

Clinical Follow-Up of Asymptomatic AIP Mutation Carriers

e Under the age of 10 years: Annual growth velocity and clinical assessment.
Basal blood tests and MRI at age 10 years (or earlier if clinically indicated).

* Until the age of 20 years: Annual assessment with anthropometry, pubertal
development, measurement of IGF-1 and prolactin. Baseline pituitary MRI is
recommended starting at 10 years of age (or earlier if clinically indicated), and
then, every 5 years would be appropriate.

e Between 21 and 30 years: Patients could be followed up with clinical and bio-
chemical assessment annually, with further pituitary MRIs as indicated.

e After 30 years: Blood tests if symptomatic [6, 43].

Genetic counseling First-degree relatives (parents, siblings, and offspring) of a
carrier have 50% chance to inherit the pathological AIP gene variant, and so they
should be referred to genetic counseling.
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Differential Diagnosis

The diagnosis of pituitary gigantism is usually straightforward. However, overlap-
ping features between GH excess and other conditions with tall stature can be ini-
tially challenging for physicians. Other causes of tall stature and pseudoacromegaly
include constitutional tall stature, Sotos syndrome, Marfan syndrome, alterations in
the natriuretic peptide pathway, hypogonadism, or in milder cases hyperthyroidism
(Fig. 2.2) [24, 44, 45]. More recently, X-linked immunoglobulin superfamily,
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ACROMEGALOID
FACIES?

*/ NO. ES V
OTHER GH EXCESS
ENDOCRINE MEDIATED?
ABNORMALITIES?
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- v
2.Sex hormone deficiency Pituitary gigantism (isolated
(including Klinefelter sy.) or or as part of syndromes)
insensitivity
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4.Familial glucocorticoid deficiency
5.Familial glucocorticoid resistance

1.Familial isolated pituitary
adenoma (FIPA)
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3.Carney complex
4.McCune-Albright syndrome
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5.Multiple endocrine
neoplasia type 1 (MEN 1)
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Fig. 2.2 Flowchart for the differential diagnosis of tall stature. Created in Lucidchart, www.lucid-

chart.com
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member 1 (IGSF1) mutations have been shown to be associated with elevated GH
and IGF-1 levels [46]. The following diagnostic flowchart adapted from Marques
and Korbonits [45] may be used (Fig. 2.2).

Management

Treatment schedules of patients with A/P mutations are usually similar to patients
with PitNETs but without a mutation [43]. However, management might be chal-
lenging as these patients with A/P mutations more often require repeated surgery
and radiotherapy and show poor treatment response to first-generation SSAs
(octreotide or lanreotide long-acting formulations) [6, 17]. Pasireotide, a second-
generation SSA, is effective for treatment of acromegaly [47, 48], but its utility in
pituitary gigantism has not been established [24]. Combination treatment with the
GH receptor antagonist pegvisomant with a first- or second-generation SSA [20,
49-51] could be attempted if tumor growth is seen while on pegvisomant mono-
therapy [52, 53]. Despite the tendency toward a multimodal therapeutic approach,
better treatment outcomes in patients with gigantism with AZ/P mutations have been
reported [15], and lower rates of active disease at the last follow-up have been noted
in AIP somatotropinomas [6], which suggests that even in this category, disease
control can be attained.

Conclusion

Patients with pituitary gigantism need rapid effective treatment to reduce further
height gain and long-term complications. Hormone levels can be controlled with
medical treatment, but if tumor growth continues despite medical therapy, repeat
surgery or radiotherapy may need to be considered. All patients with pituitary
gigantism should be considered for syndromic or isolated disease with a genetic
background and genetic testing performed accordingly. Genetic testing should be
offered to first-degree relatives if a mutation is identified in the proband.
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Chapter 3
Childhood Neoplasms and Impact
on Hormones

Alfonso Hoyos-Martinez and Vincent E. Horne

Case Presentation

An 8-year-old female was diagnosed with medulloblastoma. She underwent surgi-
cal resection and craniospinal proton beam radiotherapy, receiving a total fraction-
ated dose of 45 Gy to the brain and 36 Gy to the spine. She completed chemotherapy
with cisplatin and a cyclophosphamide equivalent dose (CED) of 1.6 g/m?, without
recurrence. Two years after completion of treatment, she had poor linear growth.
She underwent evaluation with a sequential clonidine—glucagon growth hormone
(GH) stimulation test with a peak serum GH of 1.4 ng/mL. No other endocrinopa-
thies were identified and she was started on recombinant GH (rGH). A year later,
growth velocity was poor, and further evaluation confirmed central hypothyroidism.
After initiation of replacement therapy, growth improved but remained suboptimal,
despite LH in the pubertal range.

Introduction

As a consequence of advances in cancer treatment, outcomes for children, adoles-
cents, and young adults have improved. Between 2010 and 2016, the 5-year survival
rate for all cancers in children and adolescents was 85.6% and 85% and 75% for
leukemias and brain tumors, respectively [1]. As of 2020, there are an estimated
500,000 childhood cancer survivors (CCS) in the United States alone, representing
one out of every 750 adults [2, 3].

A. Hoyos-Martinez - V. E. Horne (<)

Baylor College of Medicine, Department of Pediatrics, Section of Pediatric Diabetes and
Endocrinology, Houston, TX, USA

e-mail: axhoyosm @texaschildrens.org; vxhorne @texaschildrens.org

© Springer Nature Switzerland AG 2022 33
S. L. Samson, A. G. Ioachimescu (eds.), Pituitary Disorders throughout the Life
Cycle, https://doi.org/10.1007/978-3-030-99918-6_3


mailto:axhoyosm@texaschildrens.org
mailto:vxhorne@texaschildrens.org
https://doi.org/10.1007/978-3-030-99918-6_3

34 A. Hoyos-Martinez and V. E. Horne

Endocrine sequelae occur among 45—-65% or more of all CCS, with brain tumor
survivors being at the highest risk [4]. These often manifest months to decades after
completion of treatment, requiring long-term follow-up. Thus, the role of the endo-
crine providers is essential in survivorship care, demanding them to become famil-
iarized with the intricacies of screening, testing, and treatment throughout life.

Pathophysiology

The problems faced by CCS are broad, and the surveillance they require is tailored
to the characteristics of diagnosis and treatment received. Thus, it is essential for the
clinician to obtain this information to anticipate the problems a survivor may
encounter throughout life. Specific guidelines have been developed to assist health
providers in the screening and diagnosis of childhood cancer-related complications
[5]. Table 3.1 shows common endocrinopathies, risk factors, and diagnostic testing
required in specific circumstances.

Direct Effects of the Neoplasm

In children and adolescents, the most prevalent neoplasms are leukemias, followed
closely by central nervous system (CNS) tumors, representing 25.1% and 17.3% of
all childhood cancers, respectively [1]. Among CNS tumors, the most prevalent are
malignant astrocytomas, medulloblastomas, and gliomas, primarily located above
or below the sellae, thus decreasing the likelihood of endocrinopathies upon diag-
nosis. Nonetheless, these patients can still suffer from hormonal deficits following
treatment, even years after completion.

Alternatively, sellar and suprasellar tumors more frequently present with endo-
crine deficiencies at diagnosis and following treatment. The most common among
these are craniopharyngiomas, germ cell tumors, pituitary adenomas, and chias-
matic gliomas [6]. Upon diagnosis, up to 87% of children with craniopharyngioma
already have an endocrinopathy, with the most common being GH deficiency seen
in 75%, followed by hypogonadotropic hypogonadism, TSH, and ACTH deficien-
cies ranging from 20% to 40% and less than 10% presenting with diabetes insipidus
[7, 8]. Similar distribution is seen upon completion of treatment in those with tumors
involving the hypothalamus—pituitary (HP), with varying frequency depending on
the therapies received (Fig. 3.1) [9]. An important complication not directly related
to a hormonal deficiency is hypothalamic obesity, where either tumor invasion or
treatment injury disrupts the orexigenic and anorexigenic regions of the hypothala-
mus causing unrelenting, severe obesity with its expected metabolic complica-
tions [10].

Notably, certain presentations are typical of a specific tumor. While germ cell
tumors frequently manifest with diabetes insipidus at diagnosis, as previously
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Fig. 3.1 Prevalence of hypothalamic pituitary disorders in childhood cancer survivors.
(Abbreviations: CRT, cranial radiation therapy; HP, hypothalamic—pituitary; HP involvement
refers specifically to the neoplasms, not the treatment received; GHD, GH deficiency; TSHD, TSH
deficiency; LH/FSHD, gonadotropin deficiency; ACTHD, ACTH deficiency; CPP, central preco-
cious puberty. Reprinted with permission from van lersel et al. [9])

mentioned, this is uncommon with craniopharyngiomas, which typically present
with GH deficiency [7, 11].Finally, chiasmatic gliomas deserve special mention,
since their hormonal effect is not necessarily secondary to anatomic disturbance
leading to hypopituitarism but believed to be related to hypothalamic disruption
resulting in GH excess and precocious puberty [12].

Effects of Radiation Therapy
External Beam Radiotherapy

Ionizing radiation via external beam has been widely used in the treatment of can-
cer, penetrating the targeted tissue with heavily charged molecules, classically pho-
tons. Radiotherapy is the mainstay of treatment for several childhood malignancies,
particularly for medulloblastoma, ependymoma, glioma, and CNS leukemia, or is
used as second-line therapy for tumor recurrence or relapse.

The injuries secondary to radiotherapy are closely associated with age, location,
total absorbed dose, fraction size, delivery method, and time from exposure [13,
14]. Some tissues have greater susceptibility than others; for instance, gonadotoxic-
ity occurs at lower doses, when compared to the HP. Even within glands, different
cell lineages show greater tolerability, as seen in pituitary corticotrophs versus
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somatotrophs (Fig. 3.1). The detrimental effects of radiotherapy range from primary
tissue dysfunction to secondary neoplasms, presenting years to decades after com-
pletion of treatment. Furthermore, HP irradiation does not seemingly affect ADH-
producing neurons, since to date central diabetes insipidus resulting from
radiotherapy alone has not been reported.

One of the most detrimental effects of radiotherapy in children is neurodevelop-
mental difficulties and disruption of the growth plates following brain and bone
irradiation, respectively. Such bone effects are frequently seen following craniospi-
nal or total body irradiation (TBI) for the treatment of neoplasms or conditioning for
hematopoietic stem cell transplant (HSCT) but can also be seen after thoracic or
abdominal tumor irradiation. The damage to the growth plates causes poor bone
mineral density (BMD) and linear growth despite adequate hormonal replacement.
Consequently, spinal irradiation may result in asymmetric growth with a propensity
for vertebral fractures.

Although still limited to certain specialized centers, the use of proton beam ther-
apy for childhood cancer therapy has gained popularity, attempting to decrease irra-
diation of adjacent areas, allowing for higher delivered doses to targeted tissue with
less scatter irradiation, when compared to photons [15]. One study found as much
as an 18 Gy median dose reduction to the thyroid after craniospinal irradiation [16].
Some models predict a decrease in HP irradiation and deficits, but long-term studies
are still pending [17]. Additionally, the onset of these HP deficiencies after treat-
ment seems to be earlier with photon, when compared to proton therapy [18].
Finally, concerns linger as to the plausible increase in secondary neoplasms, par-
ticularly the thyroid, due to sublethal exposure to scatter radiation [19].

Effects of Radiopharmaceuticals

Radioactive pharmaceuticals are used for diagnosis or treatment of various etiolo-
gies. For childhood cancer, "*'T alone, or compounded with metaiodobenzylguani-
dine (®'I-MIBG), is frequently used. "*'T is given in the treatment of known or
presumed iodine-avid differentiated disseminated thyroid cancer, while *'I-MIBG
is for high-risk or relapsed neuroblastoma.

There are no standardized doses of '*'I for pediatric thyroid cancer therapy; thus,
tissue-specific dose-dependent adverse effects are variable [20]. Non-thyroidal
endocrine deficits after '3 include primary ovarian insufficiency and early but not
premature menopause in females and transient or permanent hypogonadism and
oligospermia in males [20, 21]. However, long-standing infertility is uncommon for
either sex [20]. Finally, hypoparathyroidism and parathyroid adenomas have rarely
been reported [22-24].

BIL-MIBG delivers radiation to the malignant cells, theoretically sparing other
tissues. However, 1*'T can disassociate and be absorbed by iodine-avid tissues caus-
ing primary hypothyroidism months to years after treatment, an increased risk for
thyroid nodules and cancer, and rarely primary ovarian insufficiency [25-27].
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Although routinely used, prophylaxis with potassium iodide alone or in combina-
tion with potassium perchlorate, methimazole, or thyroxine has not yet proven to be
effective in preventing '*'I-MIBG-related thyroid dysfunction [28].

Effects of Medications
Chemotherapy

Multiple chemotherapy agents targeting different sites involved in cell replication
are used simultaneously in the treatment of cancer, each with their own toxicity
profile. Although concomitant use limits the individualization of their detrimental
effects, there are specific groups of agents with well-described endocrinopathy pat-
terns, as seen in Table 3.1.

The presence and severity of chemotherapy-related effects are determined by the
cumulative dose and route of administration of a given drug; for instance, intrathe-
cal but not systemic chemotherapy is associated with GH deficiency, in the absence
of HP irradiation [9]. While it is unclear if systemic chemotherapy alone can result
in hypopituitarism, high doses of alkylating agents seemingly facilitate GH and
gonadotropin deficiency after HP irradiation. Moreover, an individual’s factors also
play a role; not only demographic characteristics such as age at diagnosis, ethnicity,
sex, and weight but even some genetic polymorphisms have been associated with an
increased risk for strokes or gonadotoxicity [29, 30].

Since different alkylating agents have varied degrees of toxicity and are used in
combination, a normalized measurement was designed and validated to equate their
cumulative dose, expressing it as cyclophosphamide equivalent dose (CED) [31].
Alkylating agents and heavy metals alter the DNA structure leading to apoptosis of
actively dividing cells; while this makes them useful in the treatment of malignan-
cies, it results in damage to other multiplying non-malignant cells, causing dose-
dependent gonadotoxicity in males and females. Similarly, alkylating agents at high
CED and bleomycin seem to increase the risk for primary hypothyroidism, possibly
accounting for 9.4% of the cases in CCS [32]. Thus, knowing the CED is key for
pretreatment reproductive counseling and screening upon completion of ther-
apy [31].

Children with hematopoietic malignancies and those with CNS tumors may
receive prolonged, high-dose glucocorticoids, resulting in testosterone, GH, TSH,
and ACTH suppression, reduced bone mineral density, hyperglycemia, and weight
gain [33-35]. L-asparaginase has also been associated with altered glucose metabo-
lism causing both hyper- and hypoglycemia, although the exact mechanism is yet to
be determined [36-38].

Finally, antimetabolites like methotrexate and 6-mercaptopurine work by inhib-
iting DNA synthesis and are frequently used for treatment of hematopoietic and
bone malignancies. The endocrine effects related to their use are rare but have been
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reported to affect bone mineral density and linear growth [39, 40]. Additionally,
they are both associated with fasting hypoglycemia, likely due to impaired gluco-
neogenesis mediated by their metabolites [41].

Effects of Kinase Inhibitors

Tyrosine kinase inhibitors (TKIs) are a group of small molecules or monoclonal
antibodies catalyzing the phosphorylation of the tyrosine kinase residue, thus regu-
lating cell proliferation, differentiation, and apoptosis. To date, there are more than
20 different FDA-approved medications in this group, targeting an array of different
tumoral proteins [42]. Given the identification of different kinases in childhood
brain tumors, like BRAF protein fusions, targeted therapy with TKIs will likely gain
a larger role in the future of pediatric neuro-oncology [43].

The most frequent endocrine-related adverse events with TKIs are worsening of
hypothyroxinemia in pre-existing hypothyroidism and de novo primary hypothy-
roidism with or without thyroiditis, commonly seen with imatinib, sunitinib, vande-
tanib, and sorafenib among others. Numerous other endocrinopathies have also
been described with TKI use, the more relevant being growth failure, likely second-
ary to GH deficiency; secondary hypoparathyroidism; altered bone metabolism;
primary hypogonadism, in both females and males; altered glucose metabolism;
and rarely primary adrenal insufficiency [42]. Treatment with these medications is
usually indefinite; thus, these endocrine effects may manifest at any point during
treatment but may also resolve or improve upon treatment discontinuation.

Effects of Immunotherapy

A novel class of drugs known as immune checkpoint inhibitors (ICIs) has recently
been incorporated to the oncologic therapeutic arsenal. ICIs are monoclonal anti-
bodies targeting immune checkpoints, resulting in augmented T-cell response
against tumoral cells. Three main classes exist to date, those targeting cytotoxic
T-lymphocyte-associated protein 4 (CTLA-4; ipilimumab, tremelimumab) and
those against the programmed death 1 (PD-1; nivolumab, pembrolizumab,
cemiplimab) and programmed death 1 ligand (PDL-1; atezolizumab, avelumab,
durvalumab). ICIs have unique immune-related adverse events, with endocrinopa-
thies being notoriously common and increasing in a dose-dependent fashion [44,
45]. Hypophysitis is commonly seen with anti-CTLA-4 as ipilimumab, resulting in
transient or permanent hypopituitarism with an overall incidence of 9.1%, mostly
limited to the adenohypophysis [46]. As many as 1.3% of all adult patients on ICIs
develop hypophysitis, with almost half presenting with severe forms [44, 47]. While
thyroid dysfunction is associated with all ICIs, it appears to be more frequently
reported with PD-1 and PDL-1, commonly presenting as thyroiditis, leading to



3 Childhood Neoplasms and Impact on Hormones 43

transient thyrotoxicosis and subsequent hypothyroidism. Less frequently primary
adrenal insufficiency and insulin-deficient diabetes mellitus have also been reported
with the use of anti-CTLA-4 and anti-PD-1 therapies, respectively [45, 46].

Notably, most of the safety data regarding use of ICIs is limited to adults. While
early studies in children using ipilimumab, nivolumab, or pembrolizumab have
shown similar incidence of endocrine immune-related adverse events, hypophysitis
is seldom seen [48, 49]. One study in 33 pediatric patients using ipilimumab showed
that the incidence of endocrinopathies was 9%, most were thyroiditis, and only one
case of hypophysitis was reported [50]. Thus, the frequency of endocrine adverse
events in children remains unclear, with more long-term data needed.

Considerations After Hematopoietic Stem Cell Transplant

HSCT is the treatment of choice for high-risk or relapsing malignancies or for non-
neoplastic conditions. Multiple endocrine effects arise from HSCT, mainly deter-
mined by the conditioning treatment in preparation for the transplant, typically done
with high-dose alkylating chemotherapy, with or without TBI.

The most prevalent endocrinopathy in HSCT survivors is hypergonadotropic
hypogonadism, occurring in a fifth among 20% of survivors, followed by thyroid
gland disruption and low bone density. The mean onset of these is within 3 years of
the HSCT but can present as late as a decade later [51]. Additionally, the abdominal
irradiation after TBI can lead to dyslipidemia and diabetes mellitus, and whole brain
irradiation may cause hypopituitarism, most commonly GH deficiency.
Immunosuppressant therapy (i.e., corticosteroids or tacrolimus) is a widespread
practice to address graft-versus-host disease. These medications can lead to drug-
induced hyperglycemia and infectious hypophysitis by opportunistic pathogens.
HSCT is typically a salvage therapy; thus, the cumulative therapies prior to trans-
plantation need to be considered when dealing with a patient who has received
HSCT [52].

Approximately 25% of CCS undergoing HSCT will have signs of iron overload
from transfusions, comparatively higher than those who are not transplanted [53].
One study showed that CCS who received HSCT and developed both central and
primary hypothyroidism and GH deficiency had higher ferritin levels compared to
those who did not, suggesting that iron overload may have an association with the
endocrinopathies seen in this population [54]. While it is possible that iron deposi-
tion could lead to pituitary, pancreatic, and gonadal dysfunction, attributing indi-
vidual risk is difficult given the overlapping effects of therapies prior to HSCT
therapy. In comparison, patients with hereditary hemochromatosis tend to have
gonadotropins deficiency, not GH or TSH deficiencies, and even this may take
decades to manifest [55]. Thus, the effect of iron deposition on the pituitary on
HSCT recipients remains unclear.
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Diagnostic Testing and Monitoring

A detailed cancer treatment profile should be carefully reviewed including cumula-
tive doses of each chemotherapy agent and route; modality, dose, and scattered map
of radiotherapy; and outcomes of the surgical intervention. This will enable the
provider to build an individualized screening and monitoring blueprint for each
CCS. The clinician should carefully assess for signs and symptoms of any of the
at-risk endocrinopathies at each encounter, recognizing the majority will manifest
within 6 years from the diagnosis, but they can present long after completion of
treatment, even into adulthood [56].

It is paramount to monitor linear growth, weight, and pubertal progression, rec-
ognizing that the growth plates may have been compromised by spinal radiation or
chemotherapy. Thus, serial measures of the spinal (sitting) and standing height need
to be followed using available charts specific to age, sex, and ancestry [57]. This is
particularly useful to differentiate poor linear growth arising from GH deficiency,
which is symmetrical, as opposed to impaired spinal growth, which will have a
decreasing sitting/standing ratio.

Adult testicular volume is a key aspect in the evaluation after gonadotoxic
cancer treatment, with a good diagnostic value in detecting oligospermia and
azoospermia in CCS [58]. However, testicular germ cells, which constitute
70-80% of the testicular volume, are more vulnerable to gonadotoxic therapy
than Leydig cells. Thus, testicular volume and growth are disproportionate to
actual testosterone production, where pubertal males may present with low tes-
ticular volume while having appropriate levels of testosterone [14]. As such, tes-
ticular volume is an unreliable marker of onset or progression of puberty for
children receiving high-CED or testicular irradiation [58]. This is particularly
relevant in the surveillance of young patients at risk for precocious puberty.
Similarly, in the cases of isosexual peripheral puberty as seen in human chorionic
gonadotropin (hCG)-secreting tumors (e.g., germ cell tumors), the testicular vol-
ume may be lower than one would expect for the stage of puberty and testosterone
production. This is due to the preferential effect of hCG on the LH/hCG receptor,
over the FSH receptor.

The diagnostic and stimulation tests used for the evaluation of pituitary defi-
ciencies for CCS do not differ from the general pediatric population [59].
Consequently, GH deficiency is diagnosed if the stimulated serum peak level is
less than 10 pg/mL after using two different secretagogues. Conversely, if the
patient has three other confirmed anterior pituitary deficiencies, a stimulation test
is not needed to make the diagnosis [59]. Finally, although IGF-1 and IGF-BP3
may be used in the screening of GH deficiency, they both have a low accuracy for
its diagnosis. Thus, they should be used with caution in determining GH function
among CCS [59, 60].



3 Childhood Neoplasms and Impact on Hormones 45
Management

Overall, the hormone replacement therapies are no different from non-cancer popu-
lations, but certain particularities need to be considered. Therapy with tGH in CCS
has long been a matter of debate, particularly due to the safety concerns regarding
relapse and secondary neoplasm. Available evidence to date shows no increased risk
for a new or recurrent malignancy attributed to rGH treatment per se, even in those
who have received cranial irradiation [61]. Thus, the experts’ opinion is to start
therapy in children confirmed to be GH deficient, once they have been disease free
for 1 year. However, evidence is lacking to support a specific timeframe for initia-
tion of therapy, particularly for non-malignant tumors (i.e., craniopharyngiomas) in
which it may be reasonable to start therapy sooner [59]. Hence, individualized deci-
sions should be made alongside caregivers and oncology teams for those with
chronic neoplasms not able to become disease free and tumor predisposition syn-
dromes, among other special circumstances [61].

Induction of puberty for gonadotropin-deficient children is another controversy.
Several aspects may affect the approach to treatment, including delaying pubertal
induction to optimize growth while balancing its psychological effects, and the
pharmacological treatment used. The latter is particularly important for males, since
testosterone therapy may compromise testicular function and future fertility [62].
More recently the use of hCG with recombinant FSH (rFSH) seems to help induce
testicular growth and function, even despite previous testosterone use, achieving
promising outcomes in regard to testicular volume and function and quality of life
[63, 64]. However, there is no consensus or standardized therapeutic regimen for
puberty induction, with some priming with increasing doses of rFSH for up to 2
years before initiating hCG [63]. While others start with incremental doses of hCG,
only initiating rFSH after mid-normal adult range levels of testosterone have been
achieved [64].

Finally, the provider should aim for the optimization of all deficient hormones,
but this is even more important in children with hypothalamic obesity, in an attempt
to curb their appetite and weight gain. This would entail providing minimal physi-
ological doses of hydrocortisone (6-9 mg/m?/day), driving thyroxine level to the
upper third of the normal range, normalizing IGF-1 level with rGH as early as pos-
sible, and achieving good anti-diuretic control with desmopressin to avoid unneces-
sary caloric intake in the form of liquids.

Conclusion

Childhood cancer leads to a wide array of endocrinopathies, which can manifest
before, during, or after its treatment. As the number of CCS continues to increase, it
becomes more important for endocrine providers at all stages to be acquainted with
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the intricacies of the management of this population throughout life. Close monitor-
ing and management are key to improve outcomes after cancer therapy. Additional
research is needed to determine the endocrine effects of novel therapies.
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Chapter 4
Central Precocious Puberty

Noreen Islam and Briana C. Patterson

Case Presentation

The parents of a 5-year and 10-month-old female patient first noted breast budding
early in her second year of life, pubic hair late in her second year of life, body odor
by 3 years of age, and acne late in her fifth year of life. They also noted that the
breast development and pubic hair seemed to increase between age 2 and 5 years.
They denied any clitoromegaly, vaginal bleeding, vaginal discharge, significant
weight fluctuations, or known exposures to androgens, estrogens, or endocrine
disruptors.

The parents stated that these physical changes were brought to her pediatrician’s
attention at 2 years of age and also during routine annual pediatric care thereafter,
and they were given reassurance without other testing or any treatment. The patient
also had a history of early tooth eruption at 3 months of age and lost her first pri-
mary tooth at age 4 years.

There was no family history of early pubertal development or short stature. Her
mother had menarche at age 12 years and her father stated he had his pubertal
growth spurt at age 12 years.

Unfortunately, at age 5 years and 10 months, she presented to the emergency
department due to headaches and vomiting for 2 months and disconjugate gaze for
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1 day. She was found on computed tomography scan of her head to have a hypotha-
lamic tumor and obstructive hydrocephalus, which was subsequently more fully
assessed with magnetic resonance imaging (Fig. 4.1). Biopsy of the tumor con-
firmed a diagnosis of hypothalamic pilocytic astrocytoma. During her initial neuro-
oncology evaluation, her pubertal advancement was noted, with Tanner stage 3
breast and Tanner stage 3 pubic hair development at 5 years and 10 months of age.
She was referred to pediatric endocrinology. There were no additional symptoms
concerning for other hypothalamic or pituitary dysfunction or diabetes insipidus.
She presented to the outpatient endocrinology clinic at 5 years and 11 months of
age, at which time her breast exam had advanced to Tanner stage 4 while her pubic
hair exam remained at Tanner stage 3. The vaginal introitus was noted to be well
estrogenized and physiologic leukorrhea was present. While hospitalized, the
patient had a mildly elevated luteinizing hormone (LH) level but normal estradiol
and follicle-stimulating hormone (FSH) levels for age. Repeat analyses obtained at
her outpatient endocrinology visit showed an inappropriately pubertal LH with
increased estradiol for age (Table 4.1). Bone age obtained at a chronological age of

Fig. 4.1 Magnetic
resonance imaging
demonstrated a
predominantly solid,
enhancing suprasellar mass
and obstructive
hydrocephalus with lateral
ventricular enlargement

Table 4.1 Pre- and post-treatment laboratory values

At brain tumor

At first endocrine

Post-treatment with

Laboratory values diagnosis appointment histrelin implant
Estradiol (pg/mL, prepubertal | 1.6 14.0 <5.1

reference range: <15)

FSH (mIU/mL, prepubertal 3.01 Not obtained 1.6

reference range: 1.0-4.2)

LH (mIU/mL, normal 0.37 1.3 0.6
prepubertal range: 0.02-0.3)
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5 years and 11 months was advanced at 11 years and 0 months, i.e., 4 standard
deviations above the expected bone age. She was diagnosed with central precocious
puberty (CPP).

Pathophysiology

Precocious puberty has been defined as the early appearance of secondary sexual
characteristics. These include onset of breast development before age 8 years and/
or menarche before age 9 years in girls and increased testicular volume of greater
than or equal to 3 mL (on one or both sides) and/or development of pubic hair before
9 years in boys [1]. Although more recent population-based studies in pediatrics
describe the onset of pubertal changes in healthy African-American and Hispanic
girls may be at an earlier age, all girls who develop breast tissue before 8 years of
age should be evaluated for precocious puberty, regardless of their identified race
and/or ethnicity [2, 3]. In particular, attention should be paid to symptoms or physi-
cal signs that suggest a pathological cause of CPP.

Physiologically, the onset of puberty is first detected when there is a pulsatile
secretion of GnRH [4]. This leads to secretion of pituitary gonadotropin release (LH
and FSH) also in a pulsatile fashion, followed by maturation of gonads and gonadal
activity (release of androgens from the testes and estrogen and progesterone from
the ovaries). A tonic inhibitory restrain and excitatory inputs to GnRH neurons are
responsible for the central control of pulsatile GnRH release [1].

CPP, also known as gonadotropin-dependent precocious puberty or true preco-
cious puberty, results from the premature activation of the hypothalamic—pituitary—
gonadal (HPG) axis, versus peripheral precocious puberty (PPP), which results
from early hormone production from the adrenal glands, ovaries, and/or testes [5].
Another distinguishing factor is that in CPP, one will see the normal sequence of
pubertal progression, while in PPP, because the source of gonadal hormones is
peripheral, there may be deviations from the normal sequence [6]. The classical
sequence of puberty in girls is thelarche followed closely by pubarche, although a
sizable minority of healthy girls will have pubic hair development prior to thelarche
[7]. The growth spurt peaks around Tanner stage 4, and menarche occurs later in the
process. The typical sequence in boys is increase in testicular volume, followed by
pubic hair growth, and then increased penile growth and the linear growth spurt [7].
Concerning deviations in pubertal progression in girls could include short duration
between thelarche and menarche or menarche without prior thelarche and pubarche.
In boys, penile enlargement and pubarche without testicular enlargement would be
concerning for pathologic causes and/or PPP.

The majority of CPP cases in girls are idiopathic (80-90%), while more of the
cases in boys are pathologic (40-75%) [8, 9]. CPP can result from acquired insults
to the central nervous system (CNS), such as tumors, trauma, infection, cranial
radiation therapy, or ischemia, or may be associated with congenital CNS struc-
tural anomalies. Several genetic syndromes are associated with CPP, and selected
conditions are described in Table 4.2. Other specific genetic causes of CPP have



54

N. Islam and B. C. Patterson

Table 4.2 Syndromic conditions associated with central precocious puberty

Syndrome

Cause

Associated features

Neurofibromatosis,
type 1

NF1 gene mutation

Café-au-lait spots, cutaneous neurofibromas,
plexiform neuromas, underarm and groin
freckling, Lisch nodules, seizures, optic
pathway glioma

McCune—Albright
syndrome

GNAS gene mutation

Café-au-lait spots, fibrous dysplasia, thyroid
disease, acromegaly, Cushing’s syndrome
(Initial PPP may result in secondary
hypothalamic activation and CPP.)

Temple syndrome

Altered expression of
imprinted genes in
chromosome 14q32

Infantile muscular hypotonia, motor delay,
pre- and postnatal growth delay

Van Wyk—Grumbach
(“overlap”) syndrome

Long-standing
uncontrolled primary
hypothyroidism

Signs and symptoms of hypothyroidism
(weight gain, constipation, cold intolerance,
etc.), delayed bone age

Tuberous sclerosis

TSCI1 or TSC2 gene
mutation

Benign tumors of the brain, kidneys, heart,
lungs, and skin, seizures, cognitive
disabilities, renal cysts and
angiomyolipomas

Sturge—Weber
syndrome

GNAQ gene mutation

Facial port-wine stain, leptomeningeal
angiomas, glaucoma, developmental and

intellectual delay

Abbreviations: CPP central precocious puberty, GNAS guanine nucleotide binding protein, alpha
stimulating, GNAQ G protein subunit alpha q, NF/ neurofibromin 1, TCS tuberous sclerosis com-
plex subunit

been identified, including gain-of-function mutations in the kisspeptin 1 gene
(KISS1) and the kisspeptin G protein—coupled receptor gene (KISSIR) [10], loss-
of-function mutations in MKRN3 gene that encodes makorin RING finger protein
3 [4], and loss-of-function mutation in DLK] [11]. Patients with diagnoses such as
McCune—Albright syndrome (a cause of peripheral precocious puberty) and poorly
controlled congenital adrenal hyperplasia are exposed to high serum levels of sex
steroids, and this can lead to the development of superimposed CPP [12]. This is
secondary to a priming effect on the hypothalamus of the peripheral precocity-
derived sex steroids or, following improved control of the sexual precocity, a
resulting response to the sudden lowering of the sex steroid levels. Although rare,
when evaluating for central lesions, consider pituitary gonadotropin—secreting
tumors, which are associated with elevated levels of LH and/or FSH [13]. The cli-
nician must also consider Van Wyk—Grumbach or “overlap” syndrome, which is
the development of CPP in the setting of long-standing untreated primary hypothy-
roidism [14]. The hypothesized mechanism behind this phenomenon is that ele-
vated thyrotropin-releasing hormone (TRH) levels stimulate pituitary FSH/LH
secretion, and elevated thyroid-stimulating hormone (TSH) levels interact with
gonadotropin receptors in the gonads. The condition is unusual in that sexual pre-
cocity occurs with bone age delay.
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Diagnostic Testing and Monitoring

The first step in diagnosing CPP is obtaining a thorough history and performing a
physical examination, including Tanner staging of breast development in girls, geni-
tal development in boys, and pubic hair development in both sexes. Tanner staging
can be challenging in girls with elevated body mass index due to increased adiposity
in the chest mimicking glandular breast development. Often, adiposity and glandu-
lar breast development can be differentiated with careful palpation by an experi-
enced examiner. Identification of the contour of glandular breast development in
girls may be enhanced by examining the breast development in both an upright
(sitting) and supine position. In boys, an orchidometer is useful to standardize esti-
mation of testicular volume. Testicular volumes in boys must be interpreted with
caution in survivors of childhood cancer as chemotherapy exposure may reduce
testicular volume despite premature activation of the hypothalamic—pituitary—tes-
ticular axis.

In patients with presenting signs of early secondary sexual development as out-
lined above, laboratory and radiologic testing should be obtained. Screening labora-
tory tests include basal gonadotropins (LH and FSH) in boys and girls, serum
estradiol level in girls, and serum testosterone level in boys [15]. Ultrasensitive
assays for estradiol and gonadotropins are preferred in pediatric patients [16], and
basal LH, FSH, and testosterone levels should ideally be drawn in the morning [17].
An ultrasensitive LH value >0.2 IU/L can be considered a pubertal value supporting
the diagnosis of CPP. However, in patients less than 2 years of age, care should be
taken when interpreting LH levels, as these patients can have an elevated LH level
that is associated with the “minipuberty” of infancy [18]. FSH is often elevated in
CPP, but patients with benign pubertal variants can also have elevated FSH concen-
trations. Along with elevated gonadotropins, also expect to see elevated estradiol or
testosterone levels.

In addition, obtain thyroid function tests to rule out hypothyroidism as a possi-
ble, although rare, cause of precocious puberty, as discussed above. For cases where
adrenarchal signs predominate, obtain dehydroepiandrosterone sulfate (DHEAS),
androstenedione, and 17-OH progesterone levels and adrenal steroid profiles, as
these are abnormal in adrenal tumors, adrenal gland hyperplasia, or congenital adre-
nal hyperplasia.

A radiograph of the hand and wrist will provide a bone age, which is usually
advanced compared to chronological age. A significant advancement (greater than 2
standard deviations) is usually found in cases of true precocious puberty. In girls, a
pelvic ultrasound provides a more direct assessment of pubertal progress, showing
uterine size, endometrial development, and ovarian volumes, and has been identi-
fied as a reliable tool to diagnose CPP [19]. In cases of peripheral precocious
puberty, ultrasound may also identify ovarian cysts or tumors, making it useful if
there is ongoing uncertainty if the patient has CPP versus PPP. A magnetic reso-
nance imaging of the brain is usually indicated to exclude a lesion or injury in the
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CNS as the cause for CPP, particularly for males and females younger than 6 years
old, as neuroimaging in these groups has a higher yield. Although this is uncommon
in girls ages 68 years, reports of low prevalence of CNS lesions (estimated 3—6%)
have resulted in controversy regarding routine neuroimaging of girls in this age
group [20, 21]. One study has also disputed the identification of the majority of
male cases of CPP as pathological, citing no such significant increase in their study
populations [22].

In children where, after initial evaluation of laboratories and imaging, the clini-
cal picture is still unclear, a GnRH agonist stimulation test may be helpful. Prior to
administration of the GnRH agonist, baseline levels of LH, FSH, and either estra-
diol or testosterone are drawn. Multiple protocols have been published, but in a
commonly used protocol, the GnRH agonist (aqueous leuprolide) is administered at
a dose of 20 mcg/kg. LH is then measured at 60 and 90 min post-leuprolide. Peak
stimulated LH levels greater than 5 mIU/mL, and peak stimulated LH:FSH ratio
greater than 0.66 suggests CPP [23].

Finally, longitudinal assessment of progression and pace of puberty is helpful to
differentiate normal variation from pathological central precocious puberty. In
infant and toddler girls, the normal minipuberty of infancy is typically not progres-
sive, may regress between ages 2 and 4 years during follow-up, and requires no
intervention. However, if pubertal changes in toddlers prove progressive, full evalu-
ation should be completed. Likewise, in older girls ages 68 years, observation of a
slow pace of pubertal development may provide reassurance that the changes are a
variant of normal, as opposed to a pathological process.

Management

Not all cases of apparent CPP need to be treated, and the clinician needs to consider
the patient’s age, rate of pubertal progression, height velocity, neurodevelopmental
status, estimated adult and mid-parental heights, family pubertal history, and family
values and preferences when considering whether or not to treat [24]. Patients with
a slow progression of puberty can be observed every 3—6 months to assess their
progression. Those who rapidly progress should be considered for treatment imme-
diately to preserve adult height. The clinician must also consider the patient’s men-
tal and emotional maturity and whether deferring treatment and allowing the patient
to progress through puberty at a younger age could have detrimental psychological
effects. Allowing CPP to progress may include risks that come with perceived older
age due to their development and resultant caregiver anxiety about early sexual
development.

GnRH analogs are used to treat CPP, and they do so by overcoming pulsatile
endogenous GnRH release to reduce the secretion of gonadotropins [24]. GnRH
analogs can halt the progression of puberty, but not reverse existing changes. The
mechanism of action of the long-acting GnRH analogs is through delivering a
steady dose of GnRH, rather than pulsatile, ultimately leading to the
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downregulation of GnRH receptors in the pituitary and decreased LH and FSH
secretion. Biochemical evidence of LH suppression may be evident 1-2 months
after starting therapy, although clinical effectiveness may not be apparent until after
3 months or more. There are multiple forms of GnRH analogs, including monthly,
three monthly, or six monthly dosing of depot injection of leuprolide acetate or
triptorelin and a 12-month subdermal implant with histrelin [16]. Short-acting
GnRH analogs such as multiple-daily-dosing intranasal nafarelin acetate and daily
subcutaneous leuprolide are rarely used in clinical practice due to the inconvenient,
frequent dosing and may result in inadequate suppression of the HPG axis if com-
pliance is inconsistent [25].

Generally, GnRH agonist therapy treatment is continued until about age 11 years
in girls and 12 years in boys, but the duration of treatment should be tailored to each
patient’s and family’s needs [16]. Once GnRH analog therapy is discontinued, reac-
tivation of the HPG axis occurs in approximately 12 months. Overall, there is a
general consensus that long-acting GnRH analogs have a positive impact on final
adult height in younger female patients, surpassing the predicted adult height [26,
27]. This gain in adult height is the greatest in those with onset of and initiation of
treatment for CPP prior to age 6 years.

Possible adverse effects that can be seen with leuprolide therapy include advance-
ment of puberty for the first 2—4 weeks after starting the medication and before
suppression occurs (this may include menarche if it has not already occurred), irreg-
ular menses in post-menarchal girls, elevations in blood glucose, and headaches.
Some papers have reported decreased bone density when GnRH agonists are used
for more than 6 months, whereas others have found that ultimately, bone density
appears unaffected in pediatric patients after puberty is allowed to progress [28-30].
With intramuscular leuprolide use, one may see sterile abscess formation at the site
of administration. There was also thought to be an association between obesity and
leuprolide use; however, recent data have not supported this [16, 31]. Apart from
insertion site discomfort, there are not any significant local side effects that have
been commonly observed with histrelin implants [32].

Central nervous system lesions identified during the evaluation of CPP should be
addressed in a multidisciplinary fashion with a pediatric neurosurgeon or pediatric
neuro-oncologist. Of note, these lesions are not a contraindication to initiating
GnRH agonist therapy.

Conclusion of the Case Presentation

This patient was diagnosed with central precocious puberty (CPP) based on
advanced bone age, pubertal Tanner staging, and pubertal gonadotropins and rising
estradiol levels. The CPP was attributed to the hypothalamic tumor, a juvenile pilo-
cytic astrocytoma, which required surgical and medical treatment with chemother-
apy. Her family opted for treatment with a gonadotropin-releasing hormone (GnRH)
agonist in the form of a histrelin acetate implant. The implant was placed without
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complications; however, the patient experienced menarche 1 week after the implant
was placed. Laboratory assessment was done several months after implant place-
ment and showed LH and estradiol levels in the prepubertal range, and menstrual
cycles stopped.
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Chapter 5
Transitions in Care of the Adolescent
with Pituitary Dysfunction

Vincent E. Horne and Alfonso Hoyos-Martinez

Case Presentation

An 18-year-old male returns for follow-up to pediatric endocrinology with a history
of craniopharyngioma status post complete resection at age 6 years without tumor
recurrence. He has complete hypopituitarism including thyroid-stimulating hor-
mone deficiency (TSHD), growth hormone deficiency (GHD), adrenocorticotropic
hormone deficiency (ACTHD), hypogonadotropic hypogonadism (HH) due to
gonadotropin and/or gonadotropin-releasing hormone deficiency, diabetes insipidus
(DI), and hypothalamic obesity. He continues on hormonal replacement therapy,
including levothyroxine, recombinant GH (rGH), hydrocortisone, desmopressin,
and testosterone injections with variable dosing consistency. His final height of 64
inches is below his midparental target of 68 inches and his current BMI is 35 kg/m?.
He recently completed high school, with no current plans to enter college or obtain
employment. He is living with his parents and prefers playing video games. Mother
questions when he needs to transfer to an adult endocrinologist and whether rGH
therapy should be stopped since he completed height growth.

Introduction

While the incidence of hypopituitarism among adults remains low at an estimated
rate of 4.2/100,000 per year, certain pediatric conditions cause permanent hypopitu-
itarism that require lifelong treatment [1]. Although traumatic brain injury,
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peri-natal injury, post-infectious consequences, infiltrative disorders, hypophysitis,
genetic mutations (such as HESXI, POUIF1, PROPI, LHX3/4, or SOXI; see also
Chap. 1 Table 1.2), or congenital malformations (holoprosencephaly, optic nerve
hypoplasia, pituitary stalk interruption, or ectopic pituitary gland) may all cause
hypopituitarism, the most common cause of childhood-derived adult hypopituita-
rism is childhood cancer (see also Chap. 3), comprising 65% of all causes of hypo-
pituitarism among adolescents and young adults (AYA) [2-7].

The number of childhood cancer survivors (CCS) is increasing, as remission
rates of all childhood cancer types improve [8]. Due to advanced treatment tech-
niques, survival has improved but has increased morbidity and mortality from the
late effects of cancer therapy [9, 10]. Now, 1 in 750 adults in the United States is
estimated to be a CCS, including nearly 76,000 young adults ages 20-30 years [8,
9]. Endocrine sequelae occur among 45-65% or more of all CCS, with brain tumor
survivors at highest risk, typically requiring lifelong treatment and monitoring
[10, 11].

AYAs with hypopituitarism are an increasing segment of the population from
both improved cancer survivorship and survival following other insults or congeni-
tal defects. They require high-quality care long into adulthood; bridging the vulner-
able time from childhood to adulthood becomes important, with providers facing
unique management challenges that need to be considered. This population often
experiences barriers to long-term care, including developmental and psychosocial
barriers, access to care, and variable adoption of independence in medical care.
How providers help patients navigate this transition will dictate their long-term suc-
cess and outcomes.

Monitoring Considerations Among Adolescents and Young
Adults with Hypopituitarism

In most cases, children may be diagnosed with pituitary abnormalities in early
childhood prior to pubertal development. They often present with common symp-
toms of the pituitary defects involved, particularly short stature or failure to thrive
(TSHD, GHD); fatigue (TSHD, GHD, ACTHD, DI); gastrointestinal symptoms
such as nausea, vomiting, or constipation (TSHD, ACTHD); hair loss or dry skin
(TSHD); lack of puberty (HH) or precocious puberty; or polyuria with polydipsia
(DI). Endocrine effects may follow a newly acquired pituitary injury, potentially
presenting with neurologic symptoms of headache, vision loss, or seizures, such as
following childhood cancer diagnosis or traumatic brain injury. In infancy, hypopi-
tuitarism symptoms include jaundice, hypoglycemia, or micropenis [4, 12].
Endocrinopathy patterns differ depending on the cause of hypopituitarism. For
instance, genetic mutations causing hypopituitarism typically impact specific ante-
rior pituitary deficiencies (see Chap. 1, Table 1.2), while structural folding defects
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like holoprosencephaly associate with DI with or without anterior hypopituita-
rism [4].

Serial examinations and biochemical screening to assess endocrine function are
recommended to detect early endocrinopathy diagnoses and begin timely therapy
with hormonal replacement. As children grow, new deficiencies may present over
time, particularly among children with anterior pituitary hypoplasia disorders and
those who have had irradiation injury [2, 7]. In those with pituitary hypoplasia syn-
dromes such as optic nerve hypoplasia, most deficiencies will manifest by the time
of puberty completion, at which time hypoplasia relative to total body size becomes
stable, stagnating future risk of new endocrinopathies [2]. In those with acute pitu-
itary injury, such as following traumatic brain injury, usually onset of deficiencies is
more immediate with most children recovering after 12 months while those with
more severe injury continuing to develop new abnormalities up to 3 years after the
insult [13]. Similar to those with congenital defects, future risk of new abnormali-
ties would be more related to growth changes, with the reduction of risk upon height
completion [5]. In contrast, CCS with acquired defects resulting from irradiation to
the hypothalamus or pituitary may progress, requiring continued serial evaluation
into adulthood.

AYAs with hypopituitarism should have height and weight monitored regularly
with continued weight evaluation into adulthood. Following growth and pubertal
completion, they require transition into adult follow-up screening and care. If the
risk of an additional future pituitary defect is low, then follow-up testing should be
dependent on the known abnormalities, with serial follow-up every 6 months. In
addition, metabolic, bone, and reproductive health evaluations should occur into
adulthood, when the impact of these effects is most likely to present (see Table 5.1).

Table 5.1 Screening practices for bone, reproductive, and metabolic health in adolescents and
young adults

Category Clinical evaluation Screening testing
Reproductive | Every visit evaluation: At risk populations:
health Male Yearly LH, FSH, and estradiol
Frequency of erections or testosterone
Facial hair growth Consider monitoring of AMH
Libido (female)
Female Consider semen analysis
Menstrual history (male)
Libido
Symptoms: hot flashes, low concentration
Bone health Every visit evaluation: Consider yearly vitamin D level
Fracture history, bone pain assessment, Consider DXA as indicated (see
spine exam Table 5.2)
Yearly assessment of risk factors: Consider lumbar/thoracic spine
Weight-bearing activity, nutritional X-ray as indicated

content of calcium and vitamin D, and
sunlight exposure

(continued)
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Table 5.1 (continued)

Category Clinical evaluation Screening testing
Metabolic Every visit assessment of blood pressure Yearly evaluation (if at risk
health and BMI based on factors such as BMI
<20y, BMI percentile using CDC growth | category)
chart Hgb Alc
>20y, BMI adult definitions Fasting lipid profile
It BMI in overweight or obesity category: Liver inflammation markers
Assessment of hyperglycemia symptoms (ALT, AST, GGT)
Assess exercise and nutritional factors

FSH follicle-stimulating hormone, LH luteinizing hormone, AMH anti-Mullerian hormone, DXA
dual-energy X-ray absorptiometry, BMI body mass index, Hgb Alc hemoglobin Alc, ALT alanine
aminotransferase, AST aspartate aminotransferase, GGT gamma-glutamy] transferase

Management Considerations Among Adolescents
and Young Adults

Pediatric endocrinologists typically manage dose titration of hormonal replace-
ments closely during pubertal progression, which may be considered the initiation
of transition care to adulthood. During this time, optimization of rGH therapy and
pubertal induction, along with dose adjustments necessary for all other hormones,
are key to maximizing final adult height. During induction therapy of pubertal hor-
mones, slow titration to adult doses occurs, until completion of growth, typically
over a 2- to 3-year period. For females, this involves the use of low-dose estrogen,
preferably transdermal 17p-estradiol, to reduce the risk of blood clots for those at
risk, while allowing low initial doses and the subsequent addition of progesterone
replacement near the time of menarche [14]. For males with normal gonadal func-
tion, the use of either titrated testosterone replacement using intramuscular testos-
terone products most commonly or subcutaneous HCG replacement with or without
recombinant follicle-stimulating hormone (FSH) therapy allows for pubertal pro-
gression, with the latter sparing spermatogenesis and fertility potential [15, 16].

Upon reaching the final height, management considerations particular to AYAs
with hypopituitarism occur, with alterations in treatment being required (see
Table 5.2). Treatment is usually lifelong and requires monitoring per adult treatment
doses and guidelines. While dosing of rGH during childhood and adolescence is
higher when peak growth is occurring, lower doses are required in adulthood, with
use focused on metabolic outcomes, completion of axial skeletal and muscular
growth, and quality of life improvement. Doses following growth completion range
between 0.4 and 1.0 mg daily, with lower requirements in older adulthood as physi-
ologic GH production declines [17]. Adults with ACTHD continue cortisol replace-
ment, managed in adolescence with hydrocortisone at doses near 610 mg/m?/day,
but AYAs may benefit more from use of longer-acting glucocorticoids such as pred-
nisone, which increases dosing flexibility if adherence to treatment becomes a con-
cern [18]. Due to negative growth effects, long-acting glucocorticoids are not
recommended until growth completion.
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For AYAs, additional emphasis on adult-oriented sequelae is important. Fertility
outcomes significantly impact long-term quality of life among AYAs with hypopitu-
itarism, particularly for CCS who received gonadotoxic irradiation or high-dose
alkylating therapies. Reproductive risks may not have been adequately evaluated or
discussed with children and AYAs, or effects may not manifest until a later time
period. Preservation of ovarian tissue, oocytes, embryos, or testicular tissue or
sperm, when possible, should occur early, and counseling should be provided about
these treatments when feasible [19-21]. Additionally, osteoporosis may present in
early adolescence and adulthood related to inadequate or delayed pituitary hormone
replacement (hypogonadism, TSHD, or GHD). Fracture history should be obtained,
focusing on prevention with weight-bearing activity, regular but safe sunlight expo-
sure, and adequate intake of calcium and vitamin D [22, 23]. Baseline dual-energy
X-ray absorptiometry (DXA) evaluation at entry into adulthood may be useful to
quantify bone mineral density and provide appropriate counseling.

Obesity is a health risk with multifactorial causes for AYAs with hypopituitarism
including genetic syndromes affecting hypothalamic—pituitary function, such as
Prader—Willi syndrome; adult short stature due to inadequate rGH therapy or dis-
rupted pubertal timing; or overtreatment of steroid therapy leading to weight gain
[24, 25]. Finally, children with hypothalamic injury or dysfunction may develop
hypothalamic obesity due to injury of anorexigenic pathways, leading to reduced
energy expenditure, increased food-seeking behavior, and ultimately dysregulated
weight control with rapid weight gain [26]. Metabolic derangements may occur dur-
ing childhood or adulthood, predisposing to early cardiovascular risk, diabetes pro-
gression, and liver disease [27]. Careful management to limit weight gain is
important to improve long-term health outcomes. While during childhood there are
limited FDA-approved medical therapies to manage obesity, multiple agents become
available in adulthood and should be considered along with lifestyle management.
However, several non-FDA approved treatments have also been attempted in chil-
dren with hypothalamic obesity, most commonly stimulant therapy, with limited
studies showing prolonged weight stabilization in some settings [28-30].

Unexplained Pituitary Dysfunction: Clinical Conundrums

Children diagnosed with isolated GH deficiency, or with multiple pituitary defects
who have no identified etiologic cause, typically start rtGH therapy at a young age,
ideally prior to puberty. Given the concern for permanent short stature, hypoglycemia,
or other symptoms from lack of replacement, there is an urgency to start therapy in
childhood [31]. At the time of growth completion, re-evaluating the diagnosis of
hypopituitarism is important in determining the long-term need for treatment or
future screening of endocrinopathies [32]. Those children treated with rGH for
isolated GHD may have normal function at re-evaluation (see Chap. 19, A pragmatic
clinical and pathophysiological approach to growth hormone replacement in the
adult patient). The discrepancy may be a product of the imperfect stimulatory testing
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used as a gold standard diagnosis with only 80% specificity, assay variability,
resolution of transient GH insufficiency states at growth completion, and differences
in accepted cutoff norms of peak GH stimulation among pediatric and adult
populations [17, 31, 33]. Likewise, temporary effects on growth factors, thyroid
function studies, cortisol testing, and pubertal function due to physiologic pubertal
delay or failure to thrive may all be confused for hypopituitarism that later may
normalize by pubertal completion. Therefore, stringent review of diagnostic
symptoms and testing or repeating diagnostic hormonal function should be done in
all patients. Those AYAs with clear pathologic symptoms (hypoglycemia, micropenis,
severe growth failure) or etiologic explanations for hypopituitarism (CCS, genetic
mutations, or structural defects) with multiple confirmed endocrinopathies are most
likely to retain long-term deficiencies and require lifelong therapy [32].

For AYAs with permanent hypopituitarism, continued therapy is recommended
due to concerns of long-term sequelae without treatment. For GHD, continued treat-
ment is often debated after growth completion due to the burden of therapy with
daily subcutaneous injections and high cost. However, due to negative effects on
quality of life, energy, bone health, and metabolic risks without treatment, contin-
ued therapy is recommended [17, 34].

Psychosocial Barriers Among Adolescents and Young Adults
with Hypopituitarism

Children suffering from hypopituitarism are likely to have poor neuro-developmental
or psychological outcomes, impacting both the quality and access to healthcare as
they transition to AYAs. Children with midline brain defects are more likely to have
developmental delays, which may be associated with cognitive, visual, and motor
deficits, low 1Q, attention deficit disorder, or other impairments that are likely to
negatively influence health outcomes and access to care [35]. AYAs with hypotha-
lamic—pituitary injuries including traumatic brain injury would also be more likely
to suffer similar outcomes, with traumatic brain injury negatively impacting cogni-
tive ability, which may become more significant with age [36].

Children with hypopituitarism may suffer from less vocational and life achieve-
ments, resulting in poor quality of life outcomes. AYAs with hypopituitarism report
lower educational attainment, higher unemployment, and lower incomes and
increased reliance on parental support and often live with parents as young adults
[37]. Concomitantly, they are less likely to have a partner or be married or to have
children and more likely to require fertility therapies. Adult short stature and high
BMI also occur frequently. All of these outcomes cause lower quality of life in all
domains [37].

CCS are most at risk for negative neurocognitive outcomes, with brain tumor
survivors reporting these as the most common sequelae of their tumor and treatments
[10, 38]. Those who receive brain irradiation at younger ages, particularly prior to
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4 years of age, have the highest rates of neurocognitive effects, including IQ loss,
learning disabilities, developmental delay, blindness, memory loss, or motor deficits
[38]. Compared to children with congenital hypopituitarism, CCS are more likely to
have poor neuro-cognitive and vocational outcomes, with craniopharyngioma
survivors suffering the most [37]. Cancer survivors are likely to experience negative
social interaction, dependency, and poor mental health with higher rates of anxiety,
depression, and suicidal ideation [9, 11, 39-41].

Therefore, annual neurocognitive and psychosocial screenings and support, in
particular for CCS, with intervention directed for those identified as high risk should
be utilized [42]. Vocational and social progress should be evaluated using standard-
ized screening tools when available to supply targeted mental health or vocational
support [43—45]. These interventions may improve vocational attainment, health
insurance coverage, and continuity of care. While screening tools to evaluate
employment and distress have been modeled, with the most validated models such
as PEDS-QL and the distress thermometer showing promise, further studies to vali-
date screening tools for this population are ongoing [46—48]. Multidisciplinary and
transition clinics targeted to manage hypopituitarism particularly should implement
these tools into practice and include specialists in psychology if possible.

Managing Transition to Adult Care in Adolescents and Young
Adults with Hypopituitarism

Transitioning from pediatric to adult endocrine care is an important but precarious
process for AYAs with hypopituitarism. They will require lifelong replacement ther-
apy, and those who are CCS will require lifelong monitoring of newly developed
endocrinopathies [11]. Thus, long-term comprehensive care in adulthood for AYAs
with hypopituitarism includes evaluation and management of bone health, fertility
and sexual dysfunction, and pituitary dysfunction and monitoring for secondary
cancer in CCS [49].

Ideally, transition discussions occur over an extended time period prior to the
adult provider transition to successfully convert management without gaps in care.
Transition to adult providers with expertise in hypopituitarism is ideal, particularly
for the CCS population where a multidisciplinary program may be preferred.
However, several barriers may interfere with appropriate transition to adult care (see
Table 5.3). There may be psychosocial, institutional, or systemic barriers including
loss of health insurance; neurocognitive delays or unemployment; lack of adult spe-
cialist providers; patient knowledge deficits; and lack of access to prior medical
records [50, 51].

Delivery of critical childhood diagnostic and treatment information to adult pro-
viders is a key deficiency reported. Once AYAs move on from their initial medical
home, relevant medical information may be lost through the transition process to
adult providers. While 78% of pediatric institutions create or utilize plan summaries
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Barriers Outcomes Strategies

Neuropsychological  ADHD Standardize neuropsychological
Depression/anxiety screening
Developmental delays Behavior therapy
Low IQ School support

Impaired vision

Vocational/social

Limited educational attainment
Unemployment

Low QOL

Lack of health insurance

Lack of marital partner
Infertility

Standardize vocational
screening

Vocational counseling
Trade school
Management of sexual
dysfunction

Early fertility counseling

Patient knowledge

Loss of follow-up
Limited adherence to care plan

Development of transition
clinics

Robust patient education of
outcomes

Transition planning

Provider knowledge

Limited adult specialists

Limited diagnosis knowledge
Lack of appropriate screening and
delayed diagnoses

Limited fertility counseling

Adult and pediatric provider
training programs

Transition clinic development
Multidisciplinary care models
Data repository use

Automated screening algorithms

Data transition

Lack of electronic records

Lost knowledge of initial diagnosis or
treatments

Limited knowledge of screening needs

EMR access and data transition
improvement

Data repository

Patient education

Institutional

Lack of adult specialist providers or
transition/multidisciplinary clinics
Limited adult specialty providers

Primary care provider outreach
Data repository use
Automation systems

Increased funding for transition
clinics

Increased specialist training/
educational outreach

ADHD attention-deficit hyperactivity disorder, QOL quality of life, EMR electronic medical record

of cancer therapy at the time of transition, adult providers report inadequate access
to prior histories [52]. The lack of knowledge of cancer treatment history for CCS
will negatively impact the ability to predict future endocrinopathy risk, implement
appropriate screening practices, or re-evaluate pediatric endocrine diagnoses.
Additionally, adult providers may have limited experience in the effects of congeni-
tal or acquired pediatric hypopituitarism and the unique challenges these patients
face as adults [9, 20].

As AYAs begin the transition process, loss to follow-up increases as they are
expected to be more independent, despite the significant developmental and voca-
tional challenges they face [9]. Barriers to accessing care include lack of knowledge
about long-term risks or treatment benefits and the wish to move on with their lives.
Post-traumatic stress disorder is common for CCS and may impact motivation for
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seeking care [9, 53]. Experts have recommended developing transition clinics for
AYAs including combined pediatric and adult endocrinologists to facilitate creation
of a new medical home through the transition period with expertise in this popula-
tion. However, adult multidisciplinary clinics for CCS are uncommon, with less than
25% of survivors attending this type of clinic. Frequently, adults with hypopituita-
rism are receiving care from primary care providers, who report limited expertise in
their endocrine sequelae or are in transition-related issues critical to this population
[9]. Institutions may lack financial personnel resources to develop multidisciplinary
programs, with some limiting access based on patient age or other criteria [9].

While technological advancements, improvement in institutional information
sharing through electronic health records, and development of multidisciplinary
clinics may address several of the transition barriers, at present, the number of
developed transition clinics remains limited and interoperability of health record
sharing remains restricted to only 30% or less of institutions within the United
States [54]. To improve knowledge sharing, large systematic data repositories that
can automate recommendations for screening and management have been proposed
for CCS populations including the “Passport for Care” program [52]. This program
has accessible data for patients and providers with recommendations individualized
to age and treatment method used [52]. It is designed for improved care delivery
regardless of the provider and may improve outcomes by detecting new abnormali-
ties earlier, preventing long-term morbidity, and limiting disease burden [9].
However, there are no data repositories in development for other causes of hypopi-
tuitarism, and thus, endocrinologists are reliant on increasing use and access to
electronic medical records.

The success of the transition process is ultimately dependent on appropriate
planning prior to transition and support during the process. These steps include
identifying and providing support for mental health, social, and vocational barriers;
facilitating access to health services; identification of an adult provider including
multidisciplinary transition care programs with expertise in hypopituitarism to
establish a new medical home; effective transmission of information including pre-
vious diagnostic hormonal, genetic, and imaging results, cancer diagnosis and treat-
ments undertaken, and endocrine therapies being given; and teaching individual
patients about individual healthcare needs and risks into adulthood [49, 55].
Institutions and healthcare systems should additionally work toward increasing
financial support for transition care programs and electronic medical record sharing
technology and investing in educational endeavors that train future endocrinologists
and other primary care providers about transition care of AYAs to improve health
outcomes and limit systemic and institutional barriers to care.

Summary

Effective transition care for AYAs with hypopituitarism is challenging due to educa-
tional, psychosocial, and institutional barriers that providers and patients will face.
Management of this population must shift to adult care methods, altering the focus
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of treatment and outcomes. While a multidisciplinary transition care team with
access to specialists including pediatric and adult endocrinologists knowledgeable
in the care of individual diagnoses is beneficial, primary care providers may become
the primary medical home as AYAs transition away from pediatric services.
Preparing AYAs for the transition to adult providers and ensuring shared informa-
tion of pediatric diagnosis, treatment, and screening are important to ensure appro-
priate care into adulthood.
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Chapter 6
Maintenance of Fertility in the Male
Patient with Hypogonadism

Eric M. Lo and Mohit Khera

Case Presentation

A 28-year-old man presents to the endocrinology clinic for workup of male infertil-
ity. He and his wife have been trying to conceive for the last 18 months but have
been unsuccessful. His wife has a child from a previous marriage and received an
infertility workup 1 month ago, which was negative. He suffers from obesity and
sleep apnea and was found on physical exam to have bilateral grade 3 varicoceles.
He was told that his testosterone level was low and wants to start testosterone ther-
apy (TTh) because he believes it will help him with his low energy, low libido, and
erectile dysfunction.

The patient reports a normal developmental course as a child and adolescent. He
was diagnosed with bilateral grade 3 varicoceles years ago during a high school
physical exam. He also has been self-administering anabolic steroids that he
acquired from a friend at the gym for the past 4 years and stopped taking testoster-
one approximately 3 weeks ago. On physical exam, he has small, atrophic testicles
(10 mL) bilaterally and bilateral grade 3 varicoceles. Semen analysis demonstrated
normal volume azoospermia. Luteinizing hormone (LH), follicle-stimulating hor-
mone (FSH), and prolactin levels were 1.2 IU/L, 0.5 IU/L, and 18 ng/mL, respec-
tively. Serum testosterone was low at 184 ng/dL with SHBG of 32 nmol/L and low
calculated free testosterone of 3.55 ng/dL.
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Pathophysiology

Endocrine regulation of testosterone production and spermatogenesis is dependent
on the hypothalamic—pituitary—gonadal (HPG) axis (Fig. 6.1). The hypothalamus
produces gonadotropin-releasing hormone (GnRH), which acts on the anterior pitu-
itary to stimulate the production of luteinizing hormone (LH) and follicle-stimulating
hormone (FSH). LH acts on the Leydig cells in the testicles to stimulate the produc-
tion of testosterone. Small amounts of estradiol are also produced by the Leydig
cells following LH stimulation. However, the main source of estradiol is the periph-
eral conversion of testosterone to estradiol under the influence of aromatase. FSH
acts on the Sertoli cells in the seminiferous tubules of the testes to support sper-
matogenesis. Sertoli cells also produce inhibin, which is important in the feedback
regulation of the HPG axis. The end products of the HPG axis provide negative
feedback to regulate the system. Testosterone and estradiol act at both the hypo-
thalamus and anterior pituitary gland to decrease production of GnRH and LH,
respectively. Inhibin, produced by the Sertoli cells, inhibits the release of FSH from
the anterior pituitary gland.

Fig. 6.1 Schematic

diagram of the @

hypothalamic—pituitary— > Hypothalamus
gonadal axis.

(Abbreviations: GnRH,
gonadotropin-releasing
hormone; LH, luteinizing GnRH
hormone; FSH, follicle-
stimulating hormone)

@ Anterior pituitary @

Leydig cells Sertoli cells

Testosterone Inhibin
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Table 6.1 Causes of primary (hypergonadotropic) and secondary (hypogonadotropic)
hypogonadism

Hypergonadotropic hypogonadism Hypogonadotropic hypogonadism

Klinefelter syndrome Kallmann syndrome

Chemotherapy Anabolic steroid use

Radiation therapy Exogenous testosterone

Testicular trauma or torsion Hyperprolactinemia

Testicular infection (mumps, orchitis) | Iron overload states

Cryptorchidism Hypothalamic/pituitary pathology
Tumor (e.g., pituitary adenoma, craniopharyngioma)
Infection
Trauma

Radiation damage

The pathophysiology underlying male hypogonadism can be divided into two
separate domains: primary hypogonadism and secondary hypogonadism (Table 6.1).
In primary hypogonadism, also referred to as hypergonadotropic hypogonadism,
GnRH, LH, and FSH levels are elevated due to testicular failure. The lack of nega-
tive feedback from testosterone normally produced in the testes induces the hypo-
thalamus to increase secretion of GnRH and which consequently increases the
secretion of LH and FSH from the anterior pituitary gland in the HPG axis.
Klinefelter syndrome, characterized by an XXY genotype, is the most common
congenital etiology of hypergonadotropic hypogonadism [1]. Patients with
Klinefelter syndrome present with eunuchoid body habitus, gynecomastia, and
small, firm testes. Testicular degeneration occurs due to sclerosis and/or atrophy of
the seminiferous tubules that ultimately leads to primary testicular failure [2].
Acquired hypergonadotropic hypogonadism may occur as well because of infec-
tion, radiation, exposure to alkylating or antineoplastic agents such as cyclophos-
phamide and cisplatin, trauma, and testicular torsion. These acquired conditions
similarly result in testicular failure, impaired spermatogenesis, and decreased tes-
tosterone production with elevations in GnRH, LH, and FSH levels.

Secondary hypogonadism, also referred to as hypogonadotropic hypogonadism
or secondary testicular failure, is the result of decreased GnRH, LH, and FSH secre-
tion due to pathology within the hypothalamus or anterior pituitary gland. As a
result, downstream decreases in testosterone production and spermatogenesis occur
in the testes. Hypogonadotropic hypogonadism can result from both acquired and
congenital conditions. Anabolic steroid use is one mechanism of acquired hypogo-
nadotropic hypogonadism in which the steroids inhibit the production of GnRH in
the hypothalamus, leading to low GnRH levels and low LH and FSH levels (Fig. 6.1)
[3]. Exogenous testosterone administration similarly activates the negative feed-
back loop to decrease GnRH, LH, and FSH. Hyperprolactinemia may also lead to
hypogonadotropic hypogonadism, as prolactin interferes with the secretion of
GnRH. Iron overload states may lead to iron deposition in the anterior pituitary
gland and decreased secretion of LH and FSH. Damage to the hypothalamus or
anterior pituitary as a result of infection, tumor, trauma, surgery, or radiation may
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also lead to acquired hypogonadotropic hypogonadism. Congenital conditions such
as Kallmann syndrome may also lead to hypogonadotropic hypogonadism.
Kallmann syndrome is characterized by failure of GnRH-producing neuron migra-
tion and anosmia due to the failure of olfactory neuron migration. In summary,
hypogonadotropic hypogonadism is a result of failure at the hypothalamus or pitu-
itary level with subsequently impaired spermatogenesis.

Diagnostic Testing and Monitoring

A thorough history and physical exam is critical to the assessment of a male patient
with hypogonadism. While taking the history, clinicians should pay particular atten-
tion to any childhood illnesses or issues with development, history of any urologic
trauma or disease such as epididymitis or orchitis, history of traumatic brain injury,
or exposure to chemicals or radiation. Medications and any supplements should be
noted along with past medical and surgical history, especially as some nutritional
supplements have been found to contain prohibited anabolic steroids [4]. Any prior
or current testosterone or anabolic steroid use should be documented, as these sup-
press the HPG axis.

The physical exam should be comprehensive and include a general assessment in
addition to a genitourinary exam. Notable physical exam findings include body
habitus, gynecomastia, and nonpalpable or small testes.

Initial laboratory workup should include two separate semen analyses, separated
by at least 1 month. Initial endocrinologic workup should include at minimum a
morning serum testosterone and serum FSH. Serum levels of free testosterone, sex
hormone-binding globulin (SHBG), and prolactin may be obtained as well. Based
on history or physical exam findings, the pathophysiology underlying the patient’s
hypogonadism may be deduced. Karyotyping may be used to confirm diagnoses of
genetic conditions such as Klinefelter syndrome, which displays a 47, XXY geno-
type. Imaging may be needed to supplement history, physical exam, and laboratory
findings when indicated. For example, magnetic resonance imaging (MRI) of the
pituitary may be indicated for a patient presenting with hypogonadal symptoms,
bitemporal visual field loss, and hyperprolactinemia.

Medical Management of Hypergonadotropic Hypogonadism/
Primary Testicular Failure

For patients with hypergonadotropic hypogonadism, primary testicular failure is the
cause of hypogonadism. Testosterone supplementation may be used to treat symp-
toms of hypogonadism such as decreased libido, fatigue, and decreased muscle
mass. However, exogenous testosterone serves as a natural contraceptive and can
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lead to azoospermia in men. Testosterone supplementation would not improve fer-
tility in the cases of hypergonadotropic hypogonadism, and for a long time, these
patients were thought to be irreversibly sterile [5]. Intranasal testosterone — which
has been found to restore serum testosterone levels while minimally affecting
gonadotropin levels — is currently being researched as a possible treatment modality
of testosterone supplementation that can potentially preserve fertility [6].
Developments in microsurgery have led to assisted reproductive technologies (ART)
including testicular sperm extraction (TESE), microsurgical testicular sperm extrac-
tion (MTESE), and intracytoplasmic sperm injection (ICSI) that can be performed
to achieve a pregnancy in patients with primary testicular failure. These procedures
are performed with the goal of obtaining an adequate amount of sperm from the
testes for ICSI. If sperm is unable to be obtained from the testes through these tech-
niques, donor insemination may be contemplated.

The patient in the case had bilateral varicoceles for many years. Varicocele repair
may improve testosterone levels in a specific subset of hypogonadal patients. Sathya
et al. performed a prospective study of 200 men who received either varicocelec-
tomy or observation [7]. In the group that received varicocelectomy, serum testos-
terone levels increased on average 80 mg/dL after the procedure. Further, 78% of
the patients who received varicocelectomy developed normal serum levels of testos-
terone compared to 16% of the control group. Li et al. performed a meta-analysis
that included 814 patients who underwent varicocele repair, finding that varicoce-
lectomy increased serum testosterone levels by approximately 100 ng/dL [8].
Ultimately, men who present with hypogonadism and varicocele may benefit from
varicocele repair.

Medical Management of Hypogonadotropic Hypogonadism

Patients with hypogonadotropic hypogonadism have low LH, FSH, and testoster-
one. While exogenous testosterone administration would increase serum testoster-
one and possibly treat hypogonadal symptoms such as low energy and low libido,
the patient would remain infertile. Intrinsic testosterone production is critical to the
maintenance of spermatogenesis, and exogenous testosterone would lead to the
inhibition of endogenous testosterone production through a negative feedback loop.
In the hypogonadal patient desiring fertility, other treatment options exist including
aromatase inhibitors (Als), human chorionic gonadotropin (HCG), and selective
estrogen modulators (SERMs).

Als inhibit the conversion of testosterone to estradiol by inhibiting the aromatase
enzyme, which subsequently decreases the inhibitory effect that estradiol has at the
pituitary gland. With reduced negative feedback at the anterior pituitary, LH secre-
tion increases with subsequent increases in intrinsic testosterone production. Current
Als with available data include anastrozole, letrozole, and testolactone. Dosages for
these Als vary widely, with anastrozole doses of 1 mg daily or twice weekly,
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letrozole 2.5-17.5 mg weekly, and testolactone 1 g daily. Leder et al. conducted a
randomized controlled trial assessing anastrozole administration in a cohort of 37
elderly men with serum testosterone levels <350 ng/dL and found that anastrozole
significantly increased serum testosterone levels [9]. Two prospective studies evalu-
ating varying doses of letrozole administered to obese men with testosterone defi-
ciency syndrome demonstrated that letrozole significantly increased testosterone
(+395-470 ng/dL) [10, 11]. Common side effects of Als include hot flashes, weight
gain, and insomnia [12]. AIs have also been associated with decreased bone mineral
density [13].

HCG is an injectable agent that acts as an LH receptor agonist and directly stimu-
lates Leydig cells to produce testosterone, bypassing the HPG axis, which may still
be effective even in a patient with absent HP function. Exogenous HCG is generally
administered intramuscularly at doses ranging from 500 IU every other day to
10,000 IU twice weekly. Kim et al. administered HCG 1500-2000 IU 3 times a
week for 8 weeks to 20 men with hypogonadotropic hypogonadism and found sig-
nificant increases in mean serum testosterone levels at 24 weeks after treatment
compared to baseline [14]. While testosterone alone inhibits spermatogenesis, HCG
can stimulate spermatogenesis given its direct positive effects on the testis. In fact,
Hsieh et al. found that hypogonadal men receiving testosterone therapy and con-
comitant low-dose HCG were able to maintain semen parameters [15]. Due to this
quality, HCG should be considered in men with secondary hypogonadism who wish
to preserve fertility. Possible side effects include headache, irritability, restlessness,
and fatigue. However, studies addressing long-term safety of HCG treatment are
lacking.

SERMs such as clomiphene citrate (clomiphene) have an antagonistic effect at
estradiol receptors in the anterior pituitary. By blocking the negative feedback effect
of estradiol, SERMs increase LH production and testosterone secretion. However,
the success of this approach requires signaling from a somewhat intact hypogo-
nadal—pituitary axis (e.g., this may preclude patients with anatomic destruction of
the axis from a local tumor). Katz et al. performed a prospective study in 2011
examining 86 men with testosterone levels <300 ng/dL [16]. Patients received clo-
miphene 25-50 mg every other day and demonstrated a statistically significant
increase in mean serum testosterone level from a baseline of 192-485 ng/
dL. Clomiphene is currently used off-label in men with hypogonadism. Few studies
have assessed SERMs in a prospective fashion, and as a result, the true incidence of
complications associated with SERMs is understudied.

Patients with hypogonadotropic hypogonadism due to anabolic steroid use or
exogenous testosterone administration should cease usage of these substances, as
elevated circulating testosterone will act through a negative feedback loop through
the pituitary gland and reduce LH and intrinsic testosterone secretion, which is vital
to the maintenance of spermatogenesis. However, many patients who abruptly dis-
continue the use of exogenous testosterone or anabolic steroids complain of hypo-
gonadal symptoms. The process of return to regular spermatogenesis may also be
prolonged, which may not be compatible with a couple’s desired timeline for a
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pregnancy [17]. To this end, gonadotropic agents may be administered to speed up
the return of regular spermatogenesis [18]. In men who recently stop long-term
exogenous testosterone therapy, as in this case with Joe, the testosterone level will
decline first and the LH and FSH levels will take a longer time to increase. Thus,
these men will appear to have hypogonadotropic hypogonadism. Younger and
healthier men generally tend to have a greater and quicker recovery of their gonado-
tropins. However, there have been studies assessing the use of HCG, clomiphene
citrate, and recombinant FSH to help men who have a history of steroid abuse
recovered their spermatogenesis. Wenker et al. assessed the use of HCG-based com-
bination TTh in men with testosterone-related azoospermia or severe oligospermia.
Forty-nine men with azoospermia or severe oligospermia were asked to discontinue
TTh and initiate combination therapy, which included 3000 units HCG subcutane-
ously every other day supplemented with clomiphene citrate, tamoxifen, anastro-
zole, or recombinant follicle-stimulating hormone (or combination) according to
physician preference. The average time to return of spermatogenesis was 4.6 months
with a mean first density of 22.6 million/mL with 95.9% of men having return of
spermatogenesis. There was no significant difference in recovery by type of
TTh [18].

There is some data to suggest that giving HCG with concomitant TTh may not
significantly impair semen parameters. The theory is that the administration of HCG
preserves intratesticular testosterone and thus preserves sperm production. A study
by Hsieh et al. assessed the use of intramuscular HCG 500 IU every other day with
concomitant TTh in 26 men with a mean age of 35.9 years. These authors found that
there was no difference in semen parameters before and after TTh and HCG treat-
ment during greater than 1 year of follow-up. In addition, no patient became azo-
ospermia [15].

Nonpharmacologic Approaches to Improving
Endogenous Testosterone

While medical therapy plays a critical role in the management of hypogonadism,
lifestyle modifications are important to consider as well. Chronic health conditions
such as obesity and metabolic syndrome are associated with decreased serum tes-
tosterone levels [19]. These patients with a history of hypertension, hyperlipidemia,
or obesity who present with hypogonadism are encouraged to make lifestyle modi-
fications prior to initiating medical treatment. In a longitudinal study of 2736 men,
Camacho et al. identified a bidirectional relationship between weight and serum
testosterone levels [20]. The authors found that men who lost >15% of their body
weight demonstrated a significant increase in free testosterone (+51.8 pmol/L).
Further, men whose body weight increased by >15% demonstrated significant
decreases in free testosterone (—47.1 pmol/L). A meta-analysis of 22 studies found
that weight loss through both diet and bariatric surgery significantly increased



84 E. M. Lo and M. Khera

serum total and free testosterone [21]. A low-calorie diet resulted in a 9.8% weight
loss and an 83 ng/dL increase in serum testosterone. Bariatric surgery resulted in a
32% weight loss and a 250 ng/dL increase in serum testosterone. Weight loss
through dietary and surgical means has demonstrated that lifestyle modification
may improve serum testosterone levels without requiring medical therapy.

Sleep also plays an important role in maintaining normal levels of serum testos-
terone. Obstructive sleep apnea (OSA) causes nocturnal hypoxia and is associated
with lower serum testosterone levels [22]. Treatment of OSA either through a con-
tinuous positive airway pressure (CPAP) machine or surgically by uvulopalatopha-
ryngoplasty [23]. Leproult et al. demonstrated that restricting sleep duration to 5 h
per night for 8 nights can decrease serum testosterone levels by 10—15%, providing
further evidence of the effect that sleep can have on testosterone levels [24]. For
patients with poor sleep habits, restructuring sleep schedules to increase overall
duration of sleep may improve serum testosterone levels.

Returning to the case, the most likely cause of his male-factor infertility is his
4-year history of anabolic steroid usage. Following an appropriate assessment, the
initial treatment plan would be to encourage him to discontinue taking anabolic
steroids and any other nutritional supplements that may contain anabolic steroids.
If he does not mind waiting for spontaneous return of spermatogenesis, then he
would arrange to simply follow up at regular intervals for semen analysis. However,
if Joe wants to recover regular spermatogenesis as quickly as possible, he should be
started on a regimen of 3000 IU HCG administered intramuscularly or subcutane-
ously every other day [25]. Clomiphene citrate 25-50 mg PO daily should also be
added to facilitate production of FSH, and semen analyses should be obtained every
2-3 months. Additionally, he should make lifestyle modifications such as weight loss
due to his obesity. Treatment of his sleep apnea and his bilateral grade 3 varicoceles
should be considered as well.

Conclusion

For male patients with hypogonadism desiring fertility, it is important to character-
ize the cause as hypogonadotropic or hypergonadotropic to tailor medical manage-
ment appropriately. For primary testicular failure, assisted reproductive technologies
may be needed. Those with central hypogonadism may be responsive to aromatase
inhibitors, selective estrogen receptor modulators, or human chorionic gonadotro-
pin; the choice of the appropriate therapy will depend on an understanding of the
residual integrity of hypothalamic—pituitary—gonadal signaling. Additional lifestyle
interventions such as weight loss or treatment of sleep apnea may have a posi-
tive effect.



6 Maintenance of Fertility in the Male Patient with Hypogonadism 85

References

1.

2.

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Bojesen A, Juul S, Gravholt CH. Prenatal and postnatal prevalence of Klinefelter syndrome: a
national registry study. J Clin Endocrinol Metab. 2003;88(2):622—6.

Hawksworth DJ, et al. Infertility in patients with Klinefelter syndrome: optimal timing for
sperm and testicular tissue cryopreservation. Rev Urol. 2018;20(2):56.

Jarow JP, Lipshultz LI. Anabolic steroid-induced hypogonadotropic hypogonadism. Am J
Sports Med. 1990;18(4):429-31.

. Geyer H, et al. Analysis of non-hormonal nutritional supplements for anabolic-androgenic

steroids-results of an international study. Int J Sports Med. 2004;25(02):124-9.

. Patel AS, et al. Testosterone is a contraceptive and should not be used in men who desire fertil-

ity. World J Mens Health. 2019;37(1):45-54.

. Conners W, et al. 107 Preservation of normal concentration of pituitary gonadotropins despite

achievement of normal serum testosterone levels in hypogonadal men treated with 4.5% nasal
testosterone gel (NATESTO). J Sex Med. 2018;15:S22-3. Elsevier Sci Ltd., The Boulevard,
Langford Lane, Kidlington, Oxford, OX5 1GB.

. Sathya Srini V, Belur Veerachari S. Does varicocelectomy improve gonadal function in

men with hypogonadism and infertility? Analysis of a prospective study. Int J Endocrinol.
2011;2011:916380.

. LiF, et al. Effect of surgical repair on testosterone production in infertile men with varicocele:

a meta-analysis. Int J Urol. 2012;19(2):149-54.

. Leder BZ, et al. Effects of aromatase inhibition in elderly men with low or borderline-low

serum testosterone levels. J Clin Endocrinol Metab. 2004;89(3):1174-80.

Loves S, Ruinemans-Koerts J, de Boer H. Letrozole once a week normalizes serum testoster-
one in obesity-related male hypogonadism. Eur J Endocrinol. 2008;158(5):741-8.

De Boer H, et al. Letrozole normalizes serum testosterone in severely obese men with hypogo-
nadotropic hypogonadism. Diabetes Obes Metab. 2005;7(3):211-5.

Garreau JR, et al. Side effects of aromatase inhibitors versus tamoxifen: the patients’ perspec-
tive. Am J Surg. 2006;192(4):496-8.

Burnett-Bowie S-AM, et al. Effects of aromatase inhibition on bone mineral density
and bone turnover in older men with low testosterone levels. J Clin Endocrinol Metab.
2009;94(12):4785-92.

Kim S-O, et al. Penile growth in response to human chorionic gonadotropin (HCG) treatment in
patients with idiopathic hypogonadotropic hypogonadism. Chonnam Med J. 2011;47(1):39-42.
Hsieh T-C, et al. Concomitant intramuscular human chorionic gonadotropin preserves sper-
matogenesis in men undergoing testosterone replacement therapy. J Urol. 2013;189(2):647-50.
Katz DJ, et al. Outcomes of clomiphene citrate treatment in young hypogonadal men. BJU Int.
2012;110(4):573-8.

Liu PY, et al. Rate, extent, and modifiers of spermatogenic recovery after hormonal male con-
traception: an integrated analysis. Lancet. 2006;367(9520):1412-20.

Wenker EP, et al. The use of HCG-based combination therapy for recovery of spermatogenesis
after testosterone use. J Sex Med. 2015;12(6):1334-7.

Corona G, et al. Psychobiologic correlates of the metabolic syndrome and associated sexual
dysfunction. Eur Urol. 2006;50(3):595-604.

Camacho EM, et al. Age-associated changes in hypothalamic-pituitary-testicular function in
middle-aged and older men are modified by weight change and lifestyle factors: longitudinal
results from the European Male Ageing Study. Eur J Endocrinol. 2013;168(3):445-55.
Corona G, et al. Body weight loss reverts obesity-associated hypogonadotropic hypogonad-
ism: a systematic review and meta-analysis. Eur J Endocrinol. 2013;168(6):829-43.



86

22.

23.

24.

25.

E. M. Lo and M. Khera

Burschtin O, Wang J. Testosterone deficiency and sleep apnea. Sleep Med Clin.
2016;11(4):525-9.

Santamaria J, Prior J, Fleetham J. Reversible reproductive dysfunction in men with obstructive
sleep apnoea. Clin Endocrinol (Oxf). 1988;28(5):461-70.

Leproult R, Van Cauter E. Effect of 1 week of sleep restriction on testosterone levels in young
healthy men. JAMA. 2011;305(21):2173-4.

Ramasamy R, Armstrong JM, Lipshultz LI. Preserving fertility in the hypogonadal patient: an
update. Asian J Androl. 2015;17(2):197.



®

Check for
updates

Chapter 7
Preconception Management of Female
Patients with Hypopituitarism

Greisa Vila and Maria Fleseriu

Case Presentation 1

A 26-year-old female with a history of pituitary adenoma, status post transsphenoi-
dal surgery (TSS) at age 23 years has postoperatively biochemically confirmed pan-
hypopituitarism. The patient notes that she stopped taking estrogen/progesterone
replacement 3 months prior and wishes to discuss the possibility of pregnancy. She
weighs 59 kg and measures 164 cm in height. There is no relevant additional medi-
cal history. Current hormonal replacement includes hydrocortisone 20 mg/day
(10-10-0), levothyroxine 75 ug/day in the morning, desmopressin 120 ug/day
(60-0-60), and somatotropin 0.5 mg/day.

Pathophysiology
Hypopituitarism

Hypopituitarism has a multifaceted clinical phenotype with various etiologies, con-
genital or acquired disturbances of pituitary function, or lack of hypothalamic
releasing hormones that lead to pituitary failure [1]. The most common causes of
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hypopituitarism are sellar and parasellar tumors. This includes pituitary tumors,
craniopharyngiomas, meningiomas, other central nervous system (CNS) tumors,
and very rarely metastasis from non-CNS tumors. Other etiologies include genetic
causes, brain damage (e.g., after traumatic brain injury or radiotherapy), pituitary
infarction (e.g., Sheehan’s syndrome), hypophysitis, and infiltrative and autoim-
mune disorders [1]. In the last decade, a rising prevalence of hypopituitarism has
been observed as a side effect of immune checkpoint inhibitor use, which are is
increasingly prescribed to treat many cancers [2]. Based on the time-point of dis-
ease onset, hypopituitarism can be diagnosed in early life/childhood or during
adulthood.

Fertility Outcomes

Notably, more recently, the rate of healthy live births in women with hypopituita-
rism who receive adequate hormone replacement and achieve pregnancy is compa-
rable to that of the normal population [3, 4]. Nevertheless, fertility is considerably
impaired in this population, and approximately two-thirds of patients require
assisted reproductive treatments (ART), not only ovulation induction/ovarian stimu-
lation but also in vitro fertilization (IVF) [5, 6]. A systematic review of the literature
evaluated data from six studies (all using ART), which revealed that the pregnancy
rate of women with hypopituitarism seeking fertility was 67% [7]. This is a lower
percentage than that of women with hypogonadotropic amenorrhea, which reaches
81% [7]. Therefore, poor fertility outcomes in patients with hypopituitarism cannot
be attributed only to failure of the hypothalamic—pituitary—gonadal (HPG) axis;
disturbances in other pituitary hormonal axes seem to also play an important role in
the maturation and function of the reproductive system [7]. Glucocorticoids (GC),
thyroid hormones, and growth hormone (GH) indirectly affect fertility by modifying
different ovarian functions [8—11]. Hypopituitarism also affects the morphology
and consequently the function of reproductive organs, especially in the sub-cohort
of patients with childhood-onset growth hormone deficiency (GHD) presenting
with a small uterine size and polycystic ovary syndrome (PCOS)-like changes of
ovarian morphology [12]. A normal functioning uteroplacental unit is needed for a
successful pregnancy, which may additionally depend on the long-term impact of
pituitary deficiencies on uterine morphology [7, 13]. Furthermore, a tendency for
worse outcomes in patients with hypopituitarism diagnosed at a young age, which
is thought to be due to disruptions in ovarian, uterine, and placental function, has
been reported [4, 7, 14]. This dysfunction might be partially overcome by the
hormonal replacement protocols that accompany ART. However, there remains an
associated increased risk of having a baby who is small in gestational age [13]. The
close link between pituitary hormones and reproduction leads to the hypothesis that
adequate hormone replacement throughout preconception might be necessary for
optimizing fertility.
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In conclusion, successful reproduction in women with hypopituitarism necessi-
tates simultaneously: (1) optimal function or replacement of all pituitary-dependent
hormone axes, and (2) functionally and morphologically healthy reproduc-
tive organs.

Hormonal Replacement

Women with hypopituitarism and World Health Organization (WHO) type 1 anovu-
lation lacking both gonadotropins and estradiol necessitate ovarian stimulation
techniques and often IVF, as well as adequate replacement of other pituitary-
dependent hormonal axes [7, 15]. During the immediate preconception period, opti-
mal hormonal replacement is mandatory, as even single hormone deficiencies are
associated with impaired outcomes [16—18]. While the importance of GC and thy-
roid replacements for fertility and pregnancy are well-established [3, 16—18], the
role of GH replacement remains to be elucidated [7, 19]. Although therapy aiming
to mimic normal physiology appears reasonable, GH is not approved by any agency
for use at conception and/or during pregnancy [3, 10]. Indeed, the literature contains
reports of patients with GHD reaching pregnancy both with/without GH replace-
ment, and fertility seems to be normal in females with GH insensitivity [10, 20-22].
An analysis of a large cohort of patients with GHD from 85 medical centers in 15
countries participating in a pharmacoepidemiological registry (KIMS; the Pfizer
International Metabolic Database) revealed that over 92% of women continued GH
replacement while seeking fertility [4]. Two-thirds necessitated ART and were
under medical care during preconception; therefore, GH replacement was continued
while seeking fertility [4]. While the KIMS study captures routine clinical care in
specialized centers and assesses pregnancy outcomes, the study lacks information
on fertility rates, as only pregnant women were included. Additional studies have
noted optimal fertility outcomes in women with hypopituitarism receiving GH
replacement in physiological doses [5, 21]. The development of ART during the last
four decades has led to an increasing number of pregnancies in women with
hypopituitarism, and to an accumulating experience with their clinical management.
Fortunately, outcomes have improved in recent years [7]; current reports on fertility
in women with hypopituitarism describe restarting or optimization of GH
replacement in all patients prior to ovarian stimulation treatments [5, 7].

The introduction of additional hormonal therapies (either estrogens, progester-
one, or GC) during ART may also impact the required dose of pituitary hormone
replacements given the multiple possible interactions [3] (Fig. 7.1).

A very common example in the context of fertility is estrogen—somatotroph axis
interaction, with estrogens impairing insulin-like growth factor-1 (IGF-1) secretion
[23]. Oral estrogen replacement also increases the production of thyroid-binding
globulin (TBG) and cortisol-binding globulin (CBG), thereby changing the ratio
between free and bound hormones and thus the need for further dose adjustments [3].
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Fig. 7.1 Interactions between replacement hormones (abbreviations: Al, adrenal insufficiency;
DDAVP, 1-deamino-8-D-arginine vasopressin or desmopressin; DI, diabetes insipidus;
E2,estradiol; GC, glucocorticoids; GH, growth hormone; HPA, hypothalamic—pituitary—adrenal)

Tumor Size

Pregnancy is associated with considerable pituitary enlargement, which is mainly
attributed to the hypertrophy of lactotroph cells [24]. In patients with pituitary
tumors, especially macroadenomas, there is a significant risk of enlargement during
pregnancy [25]; up to 20-30% of macroprolactinomas can increase in size [26].
Therefore, patients with a history of pituitary/hypothalamic tumor will also need
pituitary magnetic resonance imaging (MRI) as part of preconception management,
as discussed elsewhere in this book.

Diagnostic Testing and Monitoring

The patient described “Case Presentation 1™ has previously confirmed panhypopitu-
itarism following pituitary tumor surgery. Hence, a preconception examination con-
sists of monitoring adequate replacement of all hormone deficiencies and
reevaluating residual tumor by pituitary magnetic resonance imaging (MRI). The
following laboratory tests are usually recommended; cortisol, thyroid-stimulating
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hormone (TSH), free T4 (thyroxine), GH, IGF-1, estradiol (E2), follicle-stimulating
hormone (FSH), luteinizing hormone (LH), and full chemistry including electro-
lytes. Three months after stopping an E2 containing oral contraceptive pill (OCP),
IGF-1 elevation and a possible need to reduce GH doses are expected [23, 27, 28]
(Fig. 7.1). Furthermore, estrogens increase CBG and TBG; therefore, 3 months after
stopping OCP patients might need GC and thyroxine replacement therapy adjust-
ments [3, 29, 30]. A complete list of tests for assessing pituitary-dependent hor-
monal axes is shown in Table 7.1 [3, 7, 31].

Table 7.1 Hypopituitarism preconception diagnostic workup

Preconception Early pregnancy
Baseline
hormonal Functional
AXIS Tasks measurements | testing Tasks
Adrenal Known AlI: continue | Cortisol ACTH If doses of HC are
or switch replacement | ACTH (corticotropin) | clinically appropriate,
therapy to HC. stimulation no dose changes are
No previous workup: CRH needed for most
test for Al stimulation patients.
Insulin
tolerance test
Thyroid Known Free T4 Generally not | Increase levothyroxine
hypothyroidism: TSH necessary dose required, ~
adjust levothyroxine | (T4, TBG as 20-30%.
dose, target free T4 in | needed) Target free T4 and
the mid to upper total T4 within the
normal range. upper half of normal
No hypothyroidism: range.
measure free T4 and
TSH.
Gonadal Known E, Generally not | Not applicable.
hypogonadism: refer | FSH necessary
the patient to a LH
fertility clinic.
No previous workup:
test gonadotropic
function if history of
abnormal
menstruation or
infertility.
Growth Known GHD: discuss | GH Insulin Discuss GH
hormone— | GH replacement IGF-1 tolerance test | replacement during
insulin-like | therapy, adjust dose if Macimorelin pregnancy.
growth needed. GHRH-arginine | If GH started
factor 1 No previous workup: Glucagon preconception, a

test for GHD.

physiological decrease
in doses is usually
recommended starting
from the second
trimester.

(continued)
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Table 7.1 (continued)
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Preconception Early pregnancy
Baseline
hormonal Functional
AXIS Tasks measurements | testing Tasks
Posterior Known DI: adjust Serum Water Known DI: dose
pituitary dose as needed per electrolytes deprivation (if |increase usually
fluids requirements Serum needed) needed, adjust per
and sodium levels. osmolality fluid requirements and
No DI: obtain clinical | Copeptin, if sodium levels.
history of polyuria available Pregnancy may
and polydipsia and Urine unmask mild forms of
sodium levels. electrolytes DI
Urine
osmolality

ACTH adrenocorticotropic hormone, Al adrenal insufficiency, CRH corticotropin-releasing hor-
mone, DI diabetes insipidus, E2 estradiol, FSH follicle-stimulating hormone, GC glucocorticoids,
GH growth hormone, GHD growth hormone deficiency, GHRH growth hormone-releasing hor-
mone, HC hydrocortisone, /GF-1 insulin-like growth factor 1, LH luteinizing hormone, TBG
thyroxine-binding globulin, 7SH thyroid-stimulating hormone, 74 thyroxine

Management

The preconception management of the patient described in “Case Presentation 17
with panhypopituitarism 3 years after TSS for pituitary adenoma includes (1)
discussing results of a recent pituitary MRI at a multidisciplinary pituitary board,
ensuring that there is no significant residual tumor; (2) adjusting doses of thyroxine,
hydrocortisone, and desmopressin to ensure adequate replacement for optimizing
fertility; (3) discussing GH replacement with the patient, especially given that GH
is not approved for use during conception and fertility treatment. However, patients
should be informed on current evidence in the literature [7, 19], which includes
successful conception in the absence of GH, but also of patients who need GH
replacement for reproduction. Therefore, GH treatment decisions during this phase
should be taken together with the patient balancing all pros and cons; (4) the patient
should be referred to a fertility center for ovulation induction/ovarian stimulation +
IVF; and (5) adequate hormone replacement and a healthy lifestyle are also
required.

Hydrocortisone is the drug of choice for substituting hypothalamic—pituitary—
adrenal (HPA) axis, as in physiological concentrations, hydrocortisone is inacti-
vated by placental 11-beta-hydroxysteroid dehydrogenase-2 and therefore cannot
pass to the fetus [31]. Dexamethasone should be avoided. During the preconception
phase, it is important to avoid GC over replacement, yet patients need to adequately
react to the increased needs of stressful situations. All patients should have an
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emergency card/bracelet notifying others that they have adrenal insufficiency (AI)
and an emergency kit containing a high dose of injectable GC.

Attention should also be paid to the fact that patients with hypopituitarism, espe-
cially those who also have diabetes insipidus (DI), can be at increased risk of mor-
tality and adverse clinical outcomes once hospitalized for acute medical conditions
[32]. Therefore, a multidisciplinary collaborative treatment plan is needed for
women with hypopituitarism who desire pregnancy, especially for those who have
additional medical conditions that could require hospitalization.

Case Presentation 2

A 35-year-old female patient with congenital GHD attends an outpatient clinic for
a routine visit. She started GH replacement therapy at the age of 2 years and expe-
rienced normal puberty development (Tanner V at 13 years of age). She weighs
68 kg and measures 167 cm in height. Hashimoto thyroiditis was diagnosed at age
25 years and she has no other medical history to report. Her medications include
0.7 mg/day somatotropin, 87.5 ug/day levothyroxine, and a combined estrogen—pro-
gesterone OCP, which the patient started when she was 16 years of age. She wishes
to get pregnant and is planning to stop her OCP and asks for an advice on the
next steps.

Pathophysiology

Patients with childhood-onset GHD tend to have a lower proportion of healthy live
births when compared to patients with adult-onset GHD [4]. This is mainly attrib-
uted to GH impact on reproductive organ development [10].

Of special interest in “Case Presentation 2” is that idiopathic childhood-onset
GHD might be accompanied by further development of additional pituitary
deficiencies. Notably further hypopituitarism can be diagnosed not only during
childhood but also later in life [33, 34]. Therefore, these patients should be moni-
tored for life for potential development of pituitary deficiencies.

The physiology of pregnancy includes continuous changes in the secretion pat-
terns of all pituitary hormones and their target hormones [7]. Thyroid hormone pro-
duction increases up to 40% during the initial pregnancy trimester. Control of
cortisol production is multifactorial and partially also from fetal-derived
corticotropin-releasing hormone (CRH). In addition, pregnancy-associated marked
increase in estradiol levels leads to significant increases in concentrations of binding
globulins. As thyroid diseases are quite common in the normal population, most
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TSH and thyroid hormone assays have pregnancy trimester-specific reference
ranges. However, to date, normal values of circulating cortisol concentrations dur-
ing pregnancy are lacking. Moreover, no pregnancy-specific cutoffs exist for the
classic dynamic tests used in endocrinology, such as the CRH test or ACTH test.
Therefore, it becomes of paramount importance to test for potential additional hor-
monal deficiencies before conception, if possible.

Patients with one congenital/idiopathic pituitary deficiency are at risk of devel-
oping additional deficiencies during their lifetime [35]. The preconception manage-
ment in “Case Presentation 2" includes two steps: (1) a thorough initial evaluation
of the functionality of all pituitary axes, and (2) adequate replacement of all hor-
mones for optimizing fertility.

Diagnostic Testing and Monitoring

In “Case Presentation 27, the patient has confirmed GHD and is taking thyroxine
replacement for autoimmune thyroiditis. Replacement of the somatotroph and
thyroid axes should be evaluated in addition to testing all other pituitary-dependent
hormonal axes, adrenal and gonadotropic function, and, if there are
symptoms, for DI.

Diabetes insipidus can be excluded usually based on clinical features (absence of
polyuria and polydipsia). However, if symptoms are mild, further testing to diag-
nose partial DI might be needed before pregnancy (Table 7.1) [3, 7, 31]. Growth
hormone and thyroxine doses should be evaluated not only at the initial outpatient
clinic visit but also after stopping OCP (Fig. 7.1).

The gonadotroph axis is assessed after stopping the OCP. This axis needs further
assessment only in the absence of normal menstruation (or later on with infertility).
If there is oligomenorrhea or amenorrhea and after excluding pregnancy and hyper-
androgenemia, the gonadotroph axis can be evaluated by measuring serum E2,
FSH, and LH. The gonadotropin-releasing hormone (GnRH) test was commonly
used in the past but has highly variable results and is not always cost-effective,
especially in an era of ultrasensitive assays, which allow an adequate determination
of baseline gonadotropin levels [36]. Low estradiol accompanied by inappropriately
low FSH and LH after exclusion of other hormonal and functional causes confirms
hypogonadotropic hypogonadism [3].

For assessing the thyrotropic axis, measurement of both TSH and free T4 is
needed. A thyrotropin-releasing hormone (TRH) stimulation test is no longer rou-
tinely recommended [3]. Low free T4 in the presence of an inappropriately low TSH
confirmed on two separate measurements and after excluding confounding factors
(drugs such as GC, dopamine, etc.) supports a hypothyroidism diagnosis [37]. In
addition, normal TSH levels do not exclude a pituitary deficiency. In patients receiv-
ing thyroxine replacement, free T4 within the middle to upper part of the normal
range should be targeted [37].
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Evaluation of the HPA axis prior to conception is of paramount importance in all
patients who have any history of pituitary disease, as diagnosing Al during pregnancy
is usually not an easy task. The main reasons include difficulties in assessing clinical
signs and symptoms of hypocortisolism in the context of early pregnancy, which is
usually accompanied by fatigue, nausea, and vomiting, even in healthy women. In
addition, both free and total maternal cortisol concentrations rise during pregnancy,
mainly due to hormonal contributions from the fetus and placenta, but also through
estrogen-induced CBG increase [3, 31]. Therefore, a diagnostic workup to detect
secondary Al should be performed before pregnancy, whenever possible, baseline
cortisol and ACTH levels, and functional testing if cortisol levels are <15 pg/dl
(Table 7.1) [3, 7, 31].

Management

As the patient in “Case Presentation 2” is 35 years of age, an age when natural con-
ception rates continuously decrease, a next visit should be scheduled soon. She
would be advised to stop OCP and to have pituitary function reevaluated after a few
months. The proposed management in “Case Presentation 2” is: (1) schedule the
next appointment approximately 3 months after stopping the OCP (2) measure TSH
and free T4, (3) measure cortisol and ACTH (when cortisol is <15 pg/dl, a functional
test evaluating HPA axis is needed), (4) ask about the presence of polyuria and
polydipsia, and (5) ask about spontaneous menstruation; in the absence of normal
periods, measure E2, FSH, and LH concentrations. Low E2, FSH, and LH exclude
functional hypogonadism; however, performing a GnRH test might be needed in
selected cases.

Three months after stopping OCP, the patient reported no subjective changes, no
complaints, a normal daily fluid intake, and no weight changes; she did describe a
lack of spontaneous menstruation. Estradiol was low, and FSH and LH were inap-
propriately low. A detailed medical history was taken and there were no lifestyle
patterns associated with functional hypogonadism. A GnRH test, as shown in
Fig. 7.2a, confirmed hypogonadotropic hypogonadism (previously masked by OCP
use). Biochemical evaluation of the thyroid axis was within the normal range, with
T4 and free T4 being both in the upper-thirds of the normal range. As a fasting
8 AM cortisol was <15 pg/dl, a CRH test was performed per hospital protocol at that
time (Fig. 7.2b, c¢). Adequate cortisol and ACTH increases following CRH adminis-
tration excluded Al In light of the newly diagnosed hypogonadotropic hypogonad-
ism, the patient was referred to a fertility clinic for ovulation induction/stimulation
protocols.
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Fig. 7.2 Dynamic tests
performed in a patient with
idiopathic/congenital
growth hormone
deficiency. (a) A
gonadotropin-releasing
hormone test was
performed as follows:

100 pg of growth
hormone-releasing
hormone administered (2
ampules of 50 pg
Somatobiss [Ferring]) at
time-point 0 and measuring
follicle-stimulating
hormone and luteinizing
hormone concentrations at
minutes 15, 0, 30, 60, 90,
and 120. (b, ¢)
Corticotropin-releasing
hormone (CRH) testing
using 100 pg CRH (1
ampule of 100 pg CRH
[Ferring]) at time-point O
and measuring cortisol and
adrenocorticotropic
hormone at minutes 5, 0,
30, 60, 90 and 120
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Chapter 8
Acromegaly: Preconception Management

Raquel S. Jallad and Marcello D. Bronstein

Case Presentation

A 29-year-old woman reported irregular menstrual cycles since she stopped oral
contraceptives 2 years ago, desiring pregnancy. Initial investigations revealed high
serum monomeric prolactin (PRL) levels and normal thyroid function. When
referred to the pituitary center for further investigation, she reported mild com-
plaints of weakness, hyperhidrosis, arthralgias, and headaches, with occasional
visual impairment, all within the last year. Weight was stable, but the patient reported
developing hypertension and diabetes mellitus. She denied galactorrhea, symptoms
of hyperandrogenism, and the use of medications that could raise serum PRL levels.
Medications included metformin, gliclazide, losartan, and amlodipine. Past gyneco-
logical and obstetric history revealed menarche at 12 years of age, regular menstrual
cycles before starting oral contraceptives, two spontaneous pregnancies success-
fully delivered at 21 and 23 years of age, and regular menstrual cycles in the inter-
pregnancy period. Clinical evaluation depicted mild coarsening of facial features
and enlargement of the hands and feet, body mass index of 25 kg/m?, and blood
pressure of 150/100 mmHg. Neuro-ophthalmologic assessment revealed bitemporal
hemianopia. Laboratory evaluation is shown in Table 8.1. Pituitary magnetic
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Table 8.1 Biochemical and hormonal data for the patient in case presentation
Eight
weeks
At Four months | Pregnancy Pregnancy after
Hormone (normal values) | diagnosis | postoperative | 2nd trimester | 3rd trimester |delivery
Growth hormone (ng/mL) | 63.7 5.7 4.9 5.5 10.8
Insulin-like growth 1067 434 202 176 588
factor-1 (78-270 ng/mL)
Prolactin (non-pregnant 150 18 120 194 49
4.2-24.2 ng/mL)
Glucose (mg/dL) 223 180 142 104 108
Hemoglobin A1C (%) 8.5 7.8 7.3 74 7.6

Fig. 8.1 Pituitary MRI findings (a) at diagnosis, (b) postoperatively, and (c¢) 12 weeks after
delivery

resonance imaging (MRI) disclosed a pituitary lesion with suprasellar extension
impinging the optic chiasm (Fig. 8.1). Transsphenoidal surgery was performed,
leading to the removal of a somatotroph tumor resulting in visual normalization and
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improvement of hypertension and diabetes mellitus (Table 8.1). Histopathologic
analysis showed diffuse positivity for GH on immunohistochemistry.

Hormonal evaluation performed 4 months after surgery showed improved but
elevated growth hormone (GH) and insulin-like growth factor (IGF)-1 levels, normal
PRL, and the absence of additional pituitary hormonal deficiencies. MRI scan
revealed a residual tumor near to the right cavernous sinus (Fig. 8.1). Patient decided
to pursue another pregnancy and refused medical treatment for acromegaly. After
12 weeks, the transvaginal ultrasonography confirmed a single topical fetus. At this
point, she was started on insulin that replaced oral anti-diabetes drugs. Throughout
pregnancy, blood pressure remained stable, but adjustments of insulin dosing were
necessary to ensure glycemic control. The pregnancy progressed uneventfully, with-
out significant signs or symptoms of acromegaly or tumor growth (Fig. 8.1). Also,
IGF-1 levels remained in the normal range for age, and there was no evidence of
other pituitary hormonal changes. Fetal growth was adequate, with no evidence of
malformations on morphological ultrasound. At 36 weeks gestation, a healthy female
neonate was delivered by cesarean section, with Apgar scores of 9 and 10 at 1 and
5 min, respectively. The postpartum period was uneventful. The patient breastfed in
the postpartum period. After delivery, hormonal and MRI evaluations were per-
formed at 8 and 12 weeks, respectively. The patient exhibited high IGF-1 levels and
imaging evidence of a pituitary adenoma with a size similar to the preconcep-
tion period.

Introduction

Acromegaly is a rare, chronic disease, caused by hypersecretion of growth GH
IGF-1 [1]. In almost all cases, hormonal hypersecretion results from a benign pitu-
itary tumor and usually a macroadenoma in 70% [2]. Diagnosis is usually delayed
by several years after onset of clinical symptoms. The main manifestations include
headaches, enlarging extremities, paresthesias, changes in facial features, joint pain,
and hyperhidrosis. Symptoms resulting from the tumor compression of adjacent
structures such as hypopituitarism and visual defects also can occur. Comorbidities
include glucose intolerance, hypertension, heart disease, sleep apnea, and non-
pituitary neoplasia [1]. The goals of acromegaly treatment are normalization of
IGF-1 levels, reduction and/or stabilization of tumor volume, and management of
comorbidities [1]. In general, transsphenoidal surgery (TSS) is the primary treat-
ment of choice. Medical treatment with somatostatin receptor ligands (SRLs), cab-
ergoline (Cab), or a GH receptor antagonist is used as an adjuvant therapy in
uncontrolled patients after surgery or as primary treatment in selected circumstances
including severe clinical comorbidities preventing surgery, tumors that are not
expected to be surgically cured, or refusal of surgery. Radiotherapy is usually con-
sidered as a third-line treatment [1].
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Acromegaly can affect patients of reproductive age who may or may not exhibit
hypogonadism at presentation [3]. While in the past, pregnancy in acromegaly was
a rare event, the advancement of diagnostic methods and therapeutic options in
recent decades increased the likelihood of pregnancy [3]. Therefore, clinicians now
are caring for more women with acromegaly considering motherhood [4, 5].

Preconception counseling is important to optimize obstetric outcomes. Ideally,
conception should occur in a period of remission of the disease, under proper plan-
ning and careful monitoring by a multidisciplinary team [3, 4, 6-8]. The purpose of
this article is to illustrate the current management of women with acromegaly dur-
ing the reproductive period desiring pregnancy.

Case Discussion

The patient first sought medical advice due to menstrual irregularity associated with
hyperprolactinemia while desiring pregnancy. After clinical and laboratory evalua-
tion, the diagnosis of acromegaly was confirmed, and a pituitary MRI depicted a
pituitary macroadenoma with suprasellar extension. Pituitary surgery was recom-
mended, as first-line treatment for acromegaly, especially with visual impairment
(Fig. 8.2). Following pituitary surgery, oligomenorrhea and visual impairment
resolved, and serum PRL levels normalized. Despite the persistence of IGF-1 levels

n anal

Fig. 8.2 Proposed algorithm for the management of female patients with acromegaly desiring
pregnancy. (Used with permission from Ref. [45])
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and the residual tumor, the patient conceived naturally. During pregnancy, IGF-1
levels decreased, and there were no complications. Postpartum, the patient desired
and was able to breastfeed.

General Aspects

Over the years, a decrease in delays in diagnosis of acromegaly has increased the
number of women of childbearing age with this condition. Also, advances in endo-
crinology, reproductive technologies, obstetrics, and neonatology have enabled
more pregnancies with better outcomes in women with acromegaly. Therefore,
awareness of the complexity of pregnancy and the patient with acromegaly has
become imperative.

Reproductive Life Planning

Adequate counselling, planning, and care before, during, and after pregnancy are
essential in women of reproductive age with acromegaly. In the preconception
stage, counseling should include information about the fetal and maternal effects of
acromegaly in pregnancy, as well as the impact of pregnancy on comorbidities. The
risks for fetal and maternal complications are assessed, and medications are
reviewed to identify those that are associated with pregnancy risks. In addition,
appropriate interventions can be adopted in order to enable women to optimize care
before conception.

Postponing conception is usually recommended in women with uncontrolled
comorbidities and those with optic nerve compression by a macroadenoma.

Hypopituitarism

Hypopituitarism can be caused by mass effect causing compression or damage of
the pituitary gland with the expansion of the somatotropinoma. Hypopituitarism
also can be an iatrogenic complication after pituitary surgery and/or radiotherapy.
The incidence of hypopituitarism following pituitary surgery varies from 10% to
25% [9]. Therefore, at prenatal counseling, evaluation for pituitary hormone defi-
ciencies is indicated to detect unknown pituitary deficiencies and/or to adjust hor-
mone replacement dosing. These measures will prevent negative impact of
hypopituitarism on fertility and pregnancy.

Gonadal dysfunction is reported in 44—81% of female patients [10, 11]. Fertility
impairment in patients with acromegaly may directly result in GH and IGF-1 action



104 R. S. Jallad and M. D. Bronstein

on the ovaries and gonadotroph inhibition [3, 10, 12—15]. The latter could also be
related to mass effect of macroadenomas and hyperprolactinemia [16]. Screening
for secondary thyroid dysfunction is indicated even in asymptomatic women, and
replacement treatment is recommended if needed.

In patients with secondary adrenal insufficiency, hydrocortisone is the only glu-
cocorticoid recommended for use during pregnancy, and the dose should be indi-
vidualized [17-21]. There are no significant risks of fetal malformations associated
with hydrocortisone replacement during pregnancy, which also is not contraindi-
cated during breastfeeding [19].

Hyperprolactinemia

About 30% of patients with acromegaly have elevated PRL levels, due to hormonal
co-secretion or pituitary stalk effect [1]. In such patients, hyperprolactinemia can
cause defective ovulation and decreased fertility. Therefore, in patients with persis-
tent hyperprolactinemia after surgery, the dopamine agonist cabergoline usually is
used [22]. Treatment of hyperprolactinemia may allow spontaneous ovulatory
cycles or normalization of the defective luteal phase [23]. In general, successful
conception is observed in the first 6 months of dopamine agonist treatment [23].

Acromegaly Complications

Acromegaly is associated with systemic complications including cardiometabolic
disorders with prediabetes, diabetes, hypertension, cardiovascular disease, and
hyperlipidemia, all of which can impact the health of the mother and fetus in preg-
nancy [1]. In addition, pregnancy itself may cause an increased risk of metabolic
complications including gestational diabetes mellitus, hypertension, and preeclamp-
sia [24]. Therefore, these comorbidities must be strictly controlled before concep-
tion and during pregnancy in patients with acromegaly [3, 6, 7, 22, 25, 26].

The pathophysiologic aspects related to pregnancy, aside from GH excess,
include elevated postprandial glucose levels and decreased insulin sensitivity due to
the effects of placental hormones, growth factors, and cytokines [24]. GH excess
further increases lipolysis and gluconeogenesis and predisposes to insulin resis-
tance [27]. Normalization of GH levels decreases blood glucose and improves insu-
lin sensitivity [28, 29]. In the evaluation of pregnant patients with acromegaly, about
60% of cases show carbohydrate intolerance and 12-53% have gestational diabetes
[3, 6, 12, 22, 30]. Preconception counseling should address the importance of
achieving glucose levels as close to normal as possible, ideally A1C <6.5% [31].
Management is similar to what is recommended for women with type 2 diabetes in
pregnancy [2, 19, 31, 32].
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Hypertension is one of the most frequent complications in patients with acro-
megaly, with a median frequency of 33.6% (ranging from 11% to 54.7%) [1, 33]. In
pregnancy, the risk of gestational hypertension also increases [3, 6, 7, 26, 34] and
careful monitoring for preeclampsia is needed, mainly in patients with diabetes and
or chronic hypertension [31, 35]. Therefore, suggested blood pressure targets are
110-135/85 mmHg to reduce the risk for maternal complications and impaired fetal
growth [31, 35].

Treatment of GH Excess During Prenatal Care

Transsphenoidal surgery is the first-line treatment for all microadenomas and mac-
roadenomas, especially in patients with neurological and visual problems. In
patients with microadenomas, the surgical remission rate is high, which prevents the
onset or progression of comorbidities [2, 36-38]. In addition, post-surgical hypopi-
tuitarism in patients with microadenomas is rare [2, 39]. In macroadenomas, sur-
gery can provide clinical and biochemical improvement and recovery of the
gonadotroph axis and also decrease the chance of mass effects during pregnancy
[10, 40, 41] (Fig. 8.2). In patients with compressive tumor features, pituitary sur-
gery promptly alleviates symptoms and prevents the potential tumor growth during
gestation [42]. Pregnancy itself can lead to a physiological increase in the size of the
pituitary gland by 30-40% [43, 44] mainly due to hyperplasia of lactotrophs [44].
There also is concern regarding an increase in the size of the tumor during preg-
nancy, which may become clinically evident for patients with macroadenomas, with
symptoms of headache, visual changes, and other neurological manifestations [45,
46]. Clinical apoplexy is a rare event during pregnancy, but it can occur with mac-
roadenomas, especially for tumors larger than 1.2 cm, and may require urgent surgi-
cal decompression [42, 47, 48]. In these cases, there is also an increased risk of
hypopituitarism after neurosurgical intervention [49, 50].

In patients who refuse surgery, the recommendations regarding conception must
be highly individualized. In patients with small tumors, conception with the risk of
tumor growth during pregnancy is small (Fig. 8.2). For macroadenomas, pituitary
surgery before pregnancy usually is advised [25, 46] (Fig. 8.2).

In general, medical treatment of acromegaly can be considered for patients with
persistent or recurrent disease after initial surgical management, providing that no
tumor mass effects are present. Currently available medical therapies include soma-
tostatin receptor ligands (SRLs), cabergoline (Cab), and pegvisomant (Peg) [1, 51].
The treatment usually follows a stepwise approach: SRLs, with addition of cabergo-
line, and Peg (which can replace or be added to previous treatments depending on
the disease control).

According to the FDA’s classification of potential risk in pregnant women and
infants, drugs used to treat acromegaly are risk category B (Cab and Peg) or C
(long-acting SRLs) [52]. However, in the literature, there are few adverse events
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reported with the aforementioned drugs [3-8, 34, 53-56]. Medications are usually
stopped at the time of conception but may be reintroduced during pregnancy, if
needed. During pregnancy, some studies show worsening of acromegaly features,
while others show clinical stability. Biochemically, most patients undergo a decrease
or even normalization of IGF-1 levels and nonsignificant changes in tumor size [6,
12, 57-59]. IGF-1 normalization is attributed to placental estrogen production,
which increases GH-binding proteins and inhibits GH activation of signal transduc-
tion, thus leading to a state of GH resistance [6, 59-61]. Therefore, careful clinical
monitoring is warranted. If acromegaly symptoms or comorbidities develop during
pregnancy, medical management of comorbidities, surgery (optimally performed in
the second trimester of pregnancy), and acromegaly-directed medications could be
considered.

Conclusion

Advances in the recognition and treatment of patients with acromegaly have
increased the possibilities for pregnancy in this patient population. Preconception
counseling is important to evaluate the possible risks of an unplanned pregnancy to
the mother and fetus. The desire for pregnancy impacts the choice of the therapeutic
modalities for acromegaly. Management of comorbidities before and during preg-
nancy is essential to optimize maternal and neonatal outcomes.
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Chapter 9
Hyperprolactinemia and Preconception
Management

Wenyu Huang and Mark E. Molitch

Case Presentation

A 30-year-old woman presented to our clinic with galactorrhea and amenorrhea.
She reported menarche at age 12, and her menstrual cycles had been regular until
about 12 months ago when her cycles started becoming irregular. Her last menstrual
cycle was 6 months ago. She is not on oral contraceptives. Upon further question-
ing, she also noticed nipple discharges that started around 1 year ago. She denies
headache or vision changes. She is not currently taking any medications. On physi-
cal examination, she appears well and there are no abnormal findings except
expressible galactorrhea bilaterally.

Pathophysiology

Her presentation with amenorrhea and galactorrhea raises the possibility of hyperp-
rolactinemia, which is a common cause of female infertility [1]. Prolactin (PRL) is
synthesized and secreted from the lactotrophs in the anterior pituitary [2].
Hypothalamic dopamine (DA) tonically inhibits PRL secretion through the D2 DA
receptor [3, 4]. There are several possible hypothalamic releasing factors for
PRL. Vasoactive intestinal polypeptide (VIP) stimulates PRL synthesis [5].
Thyrotropin-releasing hormone (TRH) can acutely increase PRL secretion but
probably plays only a minor role [6]. The pituitary lactotroph and PRL secretion are
also stimulated by estrogen [7-9], which explains why pregnant women have mark-
edly elevated PRL levels [10].
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PRL molecules from the pituitary and in circulation are usually in the mono-
meric form, which accounts for 80-90% of all PRL. However, 8-20% of PRL mol-
ecules are dimeric and 1-5% are polymeric [11, 12]. These larger-molecular-weight
polymers have a decreased binding to receptors and display a decreased bioactivity
in a variety of receptor assays [11, 12]. PRL can also bind to IgG to form large-
molecular-weight moieties. In some patients, these larger-molecular-weight forms,
referred to as macroprolactin, can circulate in excess amounts, a condition referred
to as macroprolactinemia [13]. Circulating levels of PRL display a strong circadian
rhythm, in which PRL levels peak during the first half of the sleep period followed
by a gradual decrease to lower levels during daytime [14].

PRL is essential for both morphological breast development and lactation, which
includes synthesis of milk and maintenance of milk production [15]. Therefore,
hyperprolactinemia can lead to galactorrhea, which occurs most commonly in
women but has also been reported in men.

In addition to galactorrhea, hyperprolactinemia suppresses the hypothalamic—
pituitary—gonadal axis by inhibiting the gonadotropin-releasing hormone (GnRH)
neurons likely through kisspeptin neurons [16], thereby suppressing luteinizing hor-
mone (LH) pulsatile secretion. The ensuing hypogonadotropic hypogonadism can
then manifest as amenorrhea or oligomenorrhea, anovulation, low libido, erectile
dysfunction, gynecomastia, infertility, and osteoporosis [17].

Causes of Hyperprolactinemia

A number of conditions can cause elevation in prolactin through an increased secre-
tion and/or reduced clearance. Common causes of hyperprolactinemia are dis-
cussed here.

Pituitary Tumors

Pituitary tumors comprise the most common cause of hyperprolactinemia.
Prolactinoma is the most common pituitary tumor and is classified by its size into
two types: microadenoma (<1 cm) and macroadenoma (>1 cm) [18, 19]. Circulating
PRL levels usually parallel tumor size, such that macroadenomas usually result in
PRL levels >250 pg/L. On the other hand, if a large (>3 cm) macroadenoma is found
with a normal or only mildly elevated PRL level, the “hook effect” must be sus-
pected. The hook effect is an assay artifact caused by an extremely high level of
PRL, which saturates the detecting antibody used in the PRL assay, thus resulting in
a falsely low reported value [20, 21]. If a hook effect is suspected, the sample should
be subjected to at least 1:100 dilution to verify the PRL concentration [22].
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About 20-50% of the pituitary adenomas of patients with acromegaly also
secrete prolactin [2, 23]. Growth hormone also has lactogenic effect, which
explains why some acromegalic patients have galactorrhea without hyperprolac-
tinemia [24].

Other Cause of Hyperprolactinemia

1. Disorders involving hypothalamus or pituitary stalk

Suprasellar or intrasellar lesions extending dorsally to involve the pituitary
stalk can lead to hyperprolactinemia, the so-called stalk effect. It is due to either
impairment of dopamine secretion from the hypothalamus or its transport to the
anterior pituitary [25]. These lesions include large nonfunctioning pituitary ade-
nomas, germ cell tumors, craniopharyngiomas, Rathke’s cleft cysts, Langerhans
cell histiocytosis, and neurosarcoidosis [26]. An empty sella has also been
reported to cause hyperprolactinemia, probably due to deviation of the pituitary
stalk [27]. PRL levels rarely rise above 100 pg/L due to stalk effect [28].

2. Hypothyroidism

Hypothyroidism has been associated with mild hyperprolactinemia and
galactorrhea, likely due to elevated TRH levels and increased sensitivity to TRH
as result of less negative feedback from the thyroid hormone [2, 29].

3. Renal insufficiency

Hyperprolactinemia has also been encountered in renal insufficiency [30, 31].
Levels up to 1000 pg/L have been reported, especially when patients are taking
medications that may cause hyperprolactinemia. The mechanism is probably due
to decreased clearance of PRL and continued autonomous secretion. After renal
transplantation, the hyperprolactinemia can usually be corrected or significantly
improved, even within days [32].

4. Medication induced

Hyperprolactinemia is often caused by medications [33-39]. Among these
medications, the most common ones are antipsychotics [40], gastrointestinal
promotility agents [41], and verapamil (Table 9.1).

The antipsychotic agents (phenothiazines and butyrophenones) are dopamine
receptor blockers and uniformly result in elevated PRL levels—generally no
higher than 100 ng/ml. Atypical antipsychotic agents that are combined sero-
tonin/dopamine receptor antagonists, such as risperidone and molindone, cause
similar elevations of PRL. However, many of the other atypical antipsychotic
agents, such as quetiapine, olanzapine, and aripiprazole, do not cause hyperpro-
lactinemia [33]. Metoclopramide and domperidone are commonly used to
increase gastrointestinal motility by blocking D2 receptors. These GI motility
medications can cause hyperprolactinemia in over 50% of patients [33].
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Table 9.1 Medications that can

; g Antipsychotics (neuroleptics)
cause hyperprolactinemia

Butyrophenones

Phenothiazines

Thioxanthenes

Atypical antipsychotics

Antidepressants

Monoamine oxidase inhibitors

Tricyclic and tetracyclic antidepressants

Selective serotonin reuptake inhibitors (rare)

Selective serotonin and norepinephrine reuptake
inhibitors (rare)
Others

Opiates, cocaine

Antihypertensive medications
Methyldopa
Reserpine

Verapamil
Gastrointestinal medications

Metoclopramide

Estrogen (please see text for detail)

5. Hyperestrogenemia
Estrogen stimulates lactotroph proliferation and PRL secretion by direct [42]
and indirect mechanisms [7]. The most common cause of estrogen-induced
hyperprolactinemia is, of course, pregnancy. Some patients with polycystic
ovary syndrome may also have mildly elevated prolactin. An extreme example is
with ovarian hyperstimulation syndrome due to a follicle-stimulating hormone
(FSH)-secreting tumor, and this has been associated with hyperprolactinemia,
which resolved after tumor removal, indicating that the high estrogen contributes
to the above clinical features [43]. Of note, oral contraceptives have not been
associated with an increased risk of development of prolactinoma [44].
6. Lesions involving chest wall
Chest wall irritations can cause hyperprolactinemia, such as mammoplasty
surgery [45, 46], burns [47], herpes zoster [48], trauma [49], nipple piercing
[18], and spinal cord injury [50]. The signal from the chest wall is postulated to
be first transmitted to the spinal cord and then further relayed to the hypothala-
mus to dampen the DA signal, thereby inducing hyperprolactinemia [49].
7. Idiopathic hyperprolactinemia
Occasionally, no apparent cause is identified for hyperprolactinemia, which is
termed idiopathic. With long-term follow-up, some women with idiopathic
hyperprolactinemia are found to have microprolactinomas, which were too small
to be detected originally [51]. About one-third of the idiopathic hyperprolac-
tinemia will resolve and one half will remain stable over time [22, 52, 53]. The
PRL levels are usually less than 100 pg/L [54].
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Diagnosis
History and Physical Examination

Patients with prolactinoma may present with symptoms or signs associated with
hyperprolactinemia and/or the pituitary tumor. In women, hyperprolactinemia can
cause amenorrhea or oligomenorrhea, galactorrhea, low libido, and infertility.
Infertility is usually a result of anovulation. Pituitary tumors, especially macroade-
nomas, can cause anterior pituitary dysfunction and visual field deficits due to mass
effect. It is thus important to ask symptoms related to compromised adrenal and
thyroid function, including fatigue, light-headedness, dizziness, and weight loss.
Attention should also be paid to evaluate visual symptoms and headache.

Physical examination can confirm galactorrhea. Galactorrhea is usually bilateral,
multi-ductal, and milky. The color can range from clear to yellow, green, or brown
[55, 56]. On the other hand, nipple discharges that are from a single duct, bloody or
serosanguinous, or associated with palpable or radiological evident breast masses
will need further evaluation for breast tumors [57]. The patient should be examined
sitting up and leaning forward. Gentle massaging of the areolae toward the nipple in
all four quadrants is then done. The physician should bear in mind that breast and
nipple manipulations can transiently increase PRL secretion, so PRL levels should
not be checked shortly after a breast exam.

Laboratory and Imaging Evaluation

An elevated PRL level should be confirmed at least once. If hook effect is suspected,
a 1:100 dilution of the original blood sample should be done to confirm the PRL
level [21]. As discussed above, macroprolactin is usually comprised of PRL bound
to immunoglobulin (IgG), but sometimes, it is in the form of oligomers. The large
molecules can be detected as prolactin in regular assays. If there is a clinical suspi-
cion for the presence of macroprolactinemia, the blood samples can be precipitated
by polyethylene glycol (PEG) first to remove the macroprolactin from the serum
and then re-measured. Macroprolactinemia is diagnosed when macroprolactin
accounts for >60% of all prolactin [13].

In addition, TSH, hCG, and renal function should be done to rule out the second-
ary causes of hyperprolactinemia. If hypogonadism is suspected, reproductive hor-
mones such as estrogen or testosterone, LH, and FSH should also be checked.

If no cause for the hyperprolactinemia is found by history, examination, and
routine testing indicated above, an intracranial lesion is suspected to be the cause
and a pituitary magnetic resonance imaging (MRI) with intravenous contrast should
be done. For prolactinomas, there is a fairly good correlation between PRL levels
and the size of the tumor [58]. Patients with microprolactinomas rarely have PRL
levels >250 mg/dl [59]. Characteristics of the lesion, mass effects on adjacent
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structures such as the optic chiasm, and stalk can be determined at the same time. A
visual field test should also be done for patients with vision complaints or whose
tumor is found to abut the optic chiasm on MRI. A computed tomographic (CT)
scan can be done if MRI is not available, but the resolution is inferior. Other pitu-
itary hormones should be also checked in case of macroadenoma to evaluate for
hypopituitarism. A bone density scan should be done in hyperprolactinemic patients
with hypogonadism who are at risk for osteoporosis or fracture.

Treatment

If prolactinoma is confirmed, the treatment is usually indicated for bothersome
galactorrhea, hypogonadotropic hypogonadism, infertility, and premature osteopo-
rosis or if the causative lesion is concerning such as a macroadenoma or an enlarg-
ing microadenoma [60, 61] (Fig. 9.1).

Microadenoma

Treatment may not be necessary for microadenomas if they are not associated with
complications such as bothersome galactorrhea, hypogonadism, and infertility and
the tumor is stable in size. If the major concern is hypogonadism and if fertility is

Elevated prolactin level

Yes

Check TSH, Cr, hCG, ask about medications
and recent chest manipulation

|

TSH4 nhcgt crt ? medication related No other causes identified

Hypothyroidism Pregnancy  Renal Discontinue or replace Pituitary MRI
insufficiency  offending medication

Thyroid
hormone

Sellar or supra- ~ Normal
replacement

sellar lesion Idiopathic hyper-

) v ) prolactinemia
dopamine agonist or

surgery (see text)  Monitor or
dopamine agonist

Fig. 9.1 Diagnostic algorithm for the patient with hyperprolactinemia (abbreviations: Cr, creati-
nine; hCG, human chorionic gonadotropin; TSH, thyroid-stimulating hormone)
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not an issue, then replacement with estrogen/testosterone may be all that is neces-
sary. If tumor-directed treatment is indicated, medical therapy is usually the treat-
ment of choice [18, 19]. DA agonists have been shown to be very effective in
normalization of PRL, restoration of reproduction, and tumor shrinkage [17, 62]
and increase in bone density [63]. Bromocriptine and cabergoline are available in
the United States. Cabergoline has a very long half-life and can be given orally once
or twice weekly, while bromocriptine is given two or more times daily. Compared
to bromocriptine, cabergoline is more effective and is better tolerated [64]. Both
drugs are safe to give to facilitate ovulation and pregnancy, although the safety data-
base for bromocriptine is about tenfold larger [65, 66].

Surgery or radiation treatment is rarely needed for microprolactinomas [19].
Surgery may be indicated for the 5% of patients who either cannot tolerate or do not
respond to DA agonists. Radiation therapy has a very restricted role in patients with
microadenomas, being limited to those who do not respond to or are intolerant of
DA agonists and who are not cured by surgery.

Macroadenoma

Macroadenomas have already shown a propensity to grow and thus would warrant
treatment. DA agonists are usually the initial recommended treatment for mac-
roadenomas, owing to their excellent results. Surgery can be performed later in
patients whose tumor responses to DA agonists are not optimal. Even if this sub-
sequent surgery is necessary for tumor debulking, it rarely is curative, and a DA
agonist is usually necessary for treatment of the hyperprolactinemia. Radiation
therapy again has a very limited role here, being used for those who have no
response to or are intolerant to dopamine agonists or whose tumor actually grows
while on dopamine agonists and after incomplete surgical removal. Stereotactic
radiotherapy appears to be the best form of radiotherapy at this point; although
long-term complications have not yet been assessed fully, hypopituitarism com-
monly occurs over time.

Common side effects of cabergoline include light-headedness, dizziness, nausea,
vomiting, and headache. Impulse control disorders, such as hypersexuality and
compulsive gambling, have also been associated with cabergoline [67]; patients and
family members should be alerted to these adverse effects. Cardiac valvular lesions
can be seen in patients treated with the high doses of cabergoline used in treating
Parkinson’s disease. Clinically significant cardiac valvular lesions have not been
generally reported in patients treated with the lower doses generally used for treat-
ment of prolactinomas, i.e., doses 2 mg per week or less. However, for patients with
cabergoline-resistant prolactinomas in whom doses of cabergoline greater than
2 mg/week are used, it is prudent to monitor for cardiac valvular lesions with peri-
odic echocardiograms [68].
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Treatment of the Consequences of Hyperprolactinemia

Sometimes it is not clinically appropriate or safe to treat the cause of hyperprolac-
tinemia or the treatment is not effective. Thus, the treatment can be directed to cor-
rect the effect of prolactinoma, i.e., hypogonadism. In this scenario, reproductive
hormones can be replaced. However, it should be discussed with female patients
that estrogen replacement using oral contraceptives will not restore ovulation.
Likewise, in male patients, replacement of testosterone may not help with spermato-
genesis. If osteoporosis is found, additional treatment can be added to prevent frac-
ture. If fertility is desired, but the patient is not amenable to or responsive to DA
agonist, then clomiphene, gonadotropins, and GnRH can be used to restore fertility
[69, 70].

Treatment of Other Common Causes of Hyperprolactinemia

For medication-induced hyperprolactinemia, ideally the offending medication(s)
should be discontinued. If the underlying condition warrants continuation of such
medications, switching to another medication in the same class that has a lower or
no potential to cause hyperprolactinemia would be the most appropriate manage-
ment. It is very important to work closely with the provider who initially prescribed
the medication to address the adjustment of such medication [33, 71]. For hypotha-
lamic or pituitary lesions other than prolactinoma, a proper neurosurgery referral
should be done, especially when the lesion also presents with mass effects [26].

Withdrawal of DA Agonists

In patients who have had normalization of their PRL levels for several years, caber-
goline may be withdrawn gradually to see if hyperprolactinemia recurs. Overall, the
rates of recurrence of hyperprolactinemia after withdrawal are lower for cabergoline
compared to bromocriptine [72]. In a recent retrospective study, it was shown that
the remission rate was 72% after DA agonist withdrawal. Compared to macropro-
lactinomas, the relapse rate is lower in microprolactinomas. Recurrence seems to be
associated with higher initial serum PRL levels and a lower duration of therapy [73].

Case Follow-Up

Our patient came back 4 months after she started cabergoline 0.25 mg twice weekly.
She resumed her menses 2 months after starting cabergoline and is now having
regular menses around every 28-30 days. She reported brief headaches and
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dizziness right after starting cabergoline, but these disappeared a few weeks later.
She recently became engaged and plans to get married in about 1 year. She wonders
how the prolactinoma would affect her fertility and how to manage her prolacti-
noma before she attempts conception.

Preconception Counseling

As hyperprolactinemia is the cause of anovulation and infertility, dopamine agonists
must be continued to allow normalization of PRL levels and ovulation to occur [1].
Thus, by the time a woman has missed a menstrual period by 1 or more weeks, the
developing fetus has been exposed to the dopamine agonist for several weeks. When
women with prolactinomas get pregnant, two important issues arise: (1) the effects
of the DA agonist on early fetal development and (2) the effect of pregnancy on
prolactinoma size [74].

Effects of DA Agonists on the Developing Fetus

Generally, DA agonists should be stopped upon confirmation of pregnancy.
Bromocriptine has been shown to cross the placenta in human studies [74]; while
cabergoline has been shown to do so in animal studies, such data are lacking in
humans. In over 6000 pregnancies, bromocriptine has not been associated with
adverse pregnancy outcomes [1, 74]. Bromocriptine has been used throughout ges-
tation in slightly over 100 women, with no abnormalities noted in the infants except
for one with an undescended testicle and another with a talipes deformity [1, 74].
Data regarding exposure to cabergoline in pregnancy have been reported in just
over 1000 cases. There is no increase in malformations or other adverse pregnancy
outcomes including up to 12 years’ follow-up after exposure [1, 74-77]. A sum-
mary of cabergoline use throughout gestation indicated that healthy infants were
delivered at term in 13 and at 36 weeks in one, but one had an intrauterine death at
34 weeks when the mother had severe preeclampsia [78]. In contrast to the above
reassuring information regarding cabergoline and bromocriptine, Hurault-Delaure
et al. reported some adverse outcomes of dopamine agonist use [79]. Of the 57,408
mother—baby outcome pairs, 183 (0.3%) had received dopamine agonists at some
time during their pregnancy (75% in the first trimester) [79]. Compared to a control
group, dopamine agonist exposure was associated with an increased risk of pre-
term birth and early pregnancy loss and an insignificant increase in fetal malforma-
tions but no difference in psychomotor development at ages 9 and 24 months [79].
There were no differences between the dopamine agonists with respect to these
outcomes.
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Effect of Pregnancy on Prolactinoma Size

The increasing level of estrogen stimulates lactotroph hyperplasia and increase in
PRL levels over the course of pregnancy [80]. In normal pregnancy, MRI scans
show a gradual increase in pituitary volume to a final height of 12 mm [81].
Prolactinomas can enlarge during pregnancy due to high estrogen levels plus the
discontinuation of the dopamine agonist. The risk of symptomatic (headaches,
visual field defects) tumor enlargement in pregnant women with microprolactino-
mas is 2.5% and 18.1% for macroprolactinomas with no prior surgery or irradiation
and 4.7% for macroadenomas with prior surgery/irradiation [82]. The management
of patients with prolactinoma during pregnancy is discussed in detail in Chap. 15.

Management options related to prenatal care of women prolactinoma are (1)
attempt to slowly wean off the DA agonist, especially if the patient has a microad-
enoma which has had a good PRL response to cabergoline for at least 2 years and
the tumor is no longer visible on MRI, (2) switch cabergoline to bromocriptine
given the large data baseline concerning cases of bromocriptine during pregnancy,
and (3) continuation of current treatment of cabergoline. For options 2 and 3, the
medication should be stopped once pregnancy is confirmed.

Our Case

Jane opted to continue cabergoline and seek the possibility that we can attempt
cabergoline withdrawal before her planned conception. She was recommended to
use effective contraception, preferably barrier contraception, before the withdrawal
attempt of the cabergoline.

Disclosure Statement Wenyu Huang has nothing to disclose related to this article.
Mark Molitch has nothing to disclose related to this article.
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Chapter 10
Cushing’s Disease: Preconception
Management

Lynnette K. Nieman

Case Presentation

A 34-year-old woman returns to you for evaluation of recurrent Cushing’s disease.
Four years earlier, she presented with weight gain, hypertension, amenorrhea, “brain
fog,” fatigue, and difficulty getting through the day as an elementary school teacher.
Screening tests were consistent with Cushing’s syndrome, with bedtime salivary
cortisol values 50% above normal and 24-hour urine free cortisol (UFC) values two-
to fourfold above the upper limit of normal. Pituitary MRI showed a right-sided 6.5
by 7.7 mm lesion (Fig. 10.1), and cortisol and ACTH both increased by more than

Fig. 10.1 Coronal T1 spin echo MRI sequences after gadolinium demonstrate a hypo-intense
right-sided lesion before surgery (left panel) and at the time of recurrence (right panel)
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50% above baseline after corticotropin-releasing hormone (CRH) administration.
She had an uncomplicated resection of an ACTH-producing pituitary adenoma that
was adjacent to the right cavernous sinus, without obvious invasion, and postopera-
tive cortisol values were less than 3 pg/dL (83 nmol/L). She required hydrocortisone
replacement for about 9 months, with resolution of her symptoms by 1 year after
surgery. An MRI done at that time showed postoperative changes without any obvi-
ous lesion.

In the last 6 months, some of her earlier symptoms returned, beginning with a
five-pound weight gain, “brain fog,” and fatigue, some of which she attributed to the
COVID-19 pandemic and related difficulties in teaching young children via video
conference. However, over time, her blood pressure rose from its usual 110/75 to
125/80 mmHg. She continues to have menses, but her cycles are not as regular as
they were 2 years ago.

Repeat evaluation shows UFC at the upper limit of normal, with two high normal
bedtime cortisols and four that are 20-40% increased. Pituitary MRI shows a lateral
6.3 by 3.3 mm right-sided lesion (Fig. 10.1). Over the next few months, more UFC
are elevated and her blood pressure remains between 125 and 135/75 and 85 mmHg.
She becomes impatient with the testing and says that she wants to “do something”
because she and her husband want to have a child and she is worried about getting
too old, as she is about to turn 35.

Pathophysiology

In contrast to ACTH-dependent causes of CS, benign adrenal causes of CS rarely
recur. This chapter focuses primarily on recurrent Cushing’s disease in women
desiring fertility but will provide additional information on patients with recurrent
ectopic ACTH secretion, which usually occurs because of metastasis.

Up to 65% of patients with Cushing’s disease recur [1], always at the same site
[2]. Several factors are associated with recurrence, including large tumor size, par-
ticularly macroadenomas, piecemeal tumor removal (vs. pseudocapsule technique),
dural invasion, postoperative eucortisolemia, and early recovery (less than 6 months)
of cortisol secretion [3—5]. Taken together, these data suggest that the tissue was left
behind at the time of initial surgery, possibly in the dura, allowing for higher post-
operative hormone levels and subsequent growth of residual tissue leading to early
recovery of the axis.

A persistent positive ACTH response to the desmopressin stimulation test after
surgery predicts recurrence [6]. However, as up to 30% of CD patients do not
respond to this test before surgery, it does not have universal applicability [7].

Salivary cortisol is the first screening test that becomes abnormal when recur-
rence occurs [8]. This makes sense, as a small increase in bedtime cortisol will be
interpreted as abnormal; by contrast, UFC does not become abnormal until many
cortisol pulses exceed cortisol-binding globulin (CBG) capacity and are excreted in
the urine.
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Even mild increases in circulating cortisol can affect cognitive functioning, lead-
ing to “brain fog” and difficulties in performing normal tasks [9]. Anecdotally,
endocrinologists have noted that the return of preoperative cognitive and emotional
deficits often accompanies a true recurrence.

Diagnostic Considerations

Patients should be evaluated for recurrent CS with the screening tests recommended
by the Endocrine Society [10]. In contrast to the recommendation for at least two
abnormal screening tests for the initial diagnosis, there is no explicit guidance on
the number of abnormal tests needed to establish recurrence. However, given that
mild elevations in salivary cortisol can occur in patients without CS, it seems pru-
dent to require at least two abnormal tests or sets of tests (recognizing that both sali-
vary and urine cortisol should be measured at least twice because of inherent
variability).

As with de novo CS, the screening tests should be individualized to each patient.
Because it is the first test to become abnormal, consideration should be given to
prioritizing a late-night salivary cortisol measurement. This test is more appropri-
ately termed a bedtime salivary cortisol, as the nadir of the diurnal cortisol rhythm
is tightly entrained to the onset of sleep [11]. However, even if collected at the
appropriate time, a salivary cortisol result may be falsely abnormal in older patients
and those with hypertension or diabetes [12] and those experiencing excitement or
stress shortly before bedtime [13] or who have inconsistent bedtimes (e.g., shift
workers) [14].

Urine free cortisol may be normal in the earliest stage of recurrence. When recur-
rence seems likely based on clinical features, repeated measurement of UFC will
eventually lead to an abnormal result, as our patient demonstrated. Urine free corti-
sol is not a good test for patients with very high (>4 L) fluid intake or low urine
output due to renal failure (¢GFR<30 ml/min), and as noted above, it may be falsely
normal in patients with mild (or cyclic) hypercortisolism [15]. Urine must be col-
lected in a way that includes one post-sleeping void and not the other. If this is not
followed, erroneous results will reflect under- or over-collection. Some of these
problems can be assessed by noting the volume of the specimen and obtaining a
creatinine measurement. Urine creatinine should not vary by more than 15% or so
from day to day.

The final recommended first-line screening test is the dexamethasone suppres-
sion test. Here, cortisol is measured around 8 am after oral intake of dexamethasone,
1 mg, between 2300 h and 0000 h the previous night. Cortisol-binding globulin
(CBQG) levels increase in high estrogen states so that cortisol levels may be falsely
elevated; thus, this test may not be ideal in women taking oral contraception with
daily ethinyl estradiol doses of 20 mcg or more [16]. Because dexamethasone is
metabolized by CYP3A4, it is susceptible to impaired or enhanced clearance (and
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hence an increased or decreased effect), in patients taking medications that interact
with that enzyme complex [17]. This potential pitfall can be addressed by measur-
ing dexamethasone at the time of the cortisol blood draw, as normal ranges for the
1 mg dose are available.

Pituitary MRI is not a recommended screening test for CS. However, when
patients with CS recur, they recur with the same type of CS as before. Hence, in this
case, it was reasonable to obtain a pituitary MRI. A new lesion would help to con-
firm recurrence and assist in management, as it would represent a possible target for
repeat surgery. The postoperative pituitary MRI is often heterogeneous and difficult
to interpret, and it is possible that the 6 mm “lesion” in this case is not a true lesion.
Because its location matches what is expected (recurrence in the same place as the
original tumor), if it has a round shape, with hypo-enhancement on T1SE or SPGR
sequences after administration of contrast [18], it would be a good candidate for
resection.

The desmopressin stimulation would be another helpful diagnostic test if it had
been done before surgery and had been positive.

When patients present with few symptoms that might be explained in other ways
(such as mild weight gain during the COVID-19 epidemic), a dexamethasone—
corticotropin-releasing hormone (Dex-CRH) test with measurement of cortisol and
dexamethasone levels might be useful. However, patients with mild CS might not
respond, and this test has not been studied extensively in patients with early
recurrence.

Other tests are not necessary, as their risk—benefit ratio makes them inappropriate
for use in this setting. These include a peripheral corticotropin-releasing hormone
(CRH) test, which is expensive, and inferior petrosal sinus sampling (IPSS), which
carries risk. Because the etiology of CS does not change with recurrence, tests for
the differential diagnosis are not needed if the initial etiology was confirmed by
pathology.

Management in the Context of Future Pregnancy

All patients with CS should be managed in as expeditious a way as possible to
reduce the number, severity, and duration of comorbidities [19]. In this case, there
is an additional pressure of time because of the couple’s wish to conceive and the
patients “older” maternal age, recognizing that her somewhat irregular menstrual
periods may take some time to resolve after eucortisolism is restored. In addition to
the specific treatments of the cause of Cushing’s syndrome, any associated comor-
bidities should be optimized in the context of a potential future pregnancy, espe-
cially obesity, hypertension, and diabetes. Consideration should be given to physical
therapy so that the patient will be able to meet the physical challenges of pregnancy
and life with an infant.
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Table 10.1 Factors influencing the choice of treatment for recurrent Cushing’s disease in a woman

desiring pregnancy

Repeat
pituitary Bilateral
Factor surgery adrenalectomy Radiation therapy Medical therapy
Probability | 43-72%, 100% unless cells are | 22-84% 50-100%
of endocrine | depending on | left behind depending on
remission whether there tolerated dose,
is a surgical level of UFC,
target or dural agent used
invasion
Time to Immediate if | Immediate Mean 15-24 months | Weeks to months
remission successful (but up to 10 years)
Effects on | Little effect No effect 50% have Mifepristone
fertility unless hypogonadism by prevents
extensive 10 years ovulation;
exploration of mitotane is
the gland abortifacient
Effectson | No effect Lifelong No effect once Many drugs are
pregnancy/ glucocorticoid and pregnancy is not approved or
fetus mineralocorticoid established; may recommended
replacement; may be | need adjustment of | for pregnancy
difficult if emesis hypopituitary
occurs replacement drugs
(e.g., levothyroxine)

While surgery to remove the causal tumor(s) is the optimal initial treatment, the
choice is not so clear-cut with a recurrence. Because of this, the values and prefer-
ences of the patient/the couple should be taken into consideration after discussion of
the advantages and disadvantages of the various options (Table 10.1), which are
described below.

Repeat Transsphenoidal Surgery

The success rate of repeat surgery ranges from 42% if a tumor is not found and
subtotal or total hypophysectomy is performed to 73% when a tumor is located and
resected. Factors that predict success include the presence of a surgical target on
MRI, knowledge of the site of the previous tumor (when there is no lesion on MRI),
and lack of dural involvement at the first surgery [20]. The advantage of repeat
transsphenoidal surgery is the possibility of immediate cure and the high likelihood
that the adrenal axis will recover, given the low rate of hypopituitarism after selec-
tive adenomectomy [20]. The disadvantage of pituitary surgery is the high rates of
panhypopituitarism including hypogonadism when larger amounts of the gland are
removed.
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Bilateral Adrenalectomy

Like successful transsphenoidal surgery (TSS), bilateral adrenalectomy immedi-
ately cures Cushing’s syndrome. However, unlike TSS, this procedure has a 100%
success rate. Its disadvantages include a lifelong need for glucocorticoid and miner-
alocorticoid replacement therapy and the concomitant risk of acute adrenal insuffi-
ciency. Of additional concern in our patient’s situation are the possible difficulties
of hormone replacement if pregnancy is complicated by hyperemesis. The possibil-
ity of Nelson’s syndrome (corticotrope tumor progression) also is a concern,
although the risk is probably less than 20% [21] and one small study suggested that
pregnancy per se does not accelerate tumor enlargement [22].

Radiation Therapy

Radiation therapy has a similar success rate as transsphenoidal surgery, up to 84%,
regardless of the way in which it is given. The mean rate of initial endocrine control
in a recent comprehensive review was 65.8% for stereotactic radiosurgery and
67.5% for conventional radiotherapy [23]. While some reports suggest that focused
radiosurgery may achieve remission slightly quicker than fractionated radiotherapy,
the same literature review reported similar times to remission, with a median of
15-24 months, but a range of up to 10-12 years. As might be expected, hypopituita-
rism may occur more quickly when the large dose is given over one to three ses-
sions, with up to 50% rates of hypopituitarism at 5 years. Eventually it seems that
both approaches lead to hypopituitarism in up to 80% at 10 years [24, 25].

Medical Therapy

Patients who receive radiation therapy must also receive adjunctive medical therapy
to normalize cortisol levels until radiation takes effect. In general, medical therapy
is not recommended for women who wish to attempt pregnancy, for a variety of
reasons. Mitotane and mifepristone are abortifacients; mifepristone blocks ovula-
tion, so pregnancy would not occur. Ketoconazole may feminize a male fetus. The
safety of pasireotide in pregnancy is not known as few fetuses have been exposed;
the FDA places it in category C: animal reproduction studies have shown an adverse
effect on the fetus, and there are no adequate and well-controlled studies in humans,
but potential benefits may warrant use of the drug in pregnant women despite poten-
tial risks. Cabergoline has been used in a larger group of women with prolactino-
mas, without an obvious increase in congenital anomalies [26], and it carries FDA
category C. However, cabergoline is not very effective when UFC levels are more
than 3 times normal [27]. Although metyrapone may aggravate hypertension if it
develops, there are limited data on its off-label use in pregnancy, and it appears to
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be effective and safe [28]. However, because of the risk of fetal mortality and mater-
nal morbidity, medical treatment is not recommended as the sole treatment of
Cushing’s syndrome, with the intention of normalizing ovulation and becoming
pregnant [29]. Instead, medical treatment is reserved for the unfortunate situations
when Cushing’s syndrome is recognized during an established pregnancy.

Elements Leading to Our Patient’s Management Decisions

Regarding the case, the patient is almost 35 years old and wishes to become preg-
nant soon. She now has mild, progressive, recurrent Cushing’s disease, presumably
caused by re-growth of tumor in the right lateral portion of the pituitary gland.
Issues driving the management decision include:

1. Probability of remission with each treatment option

She has about a 75% chance of remission with repeat transsphenoidal surgery,
based on the MRI target and known location of the initial tumor. However, given the
position of the tumor, it is possible that she has dural invasion. She has a 100% prob-
ability of remission after a bilateral adrenalectomy, if no tissue is left behind, with a
similar probability of short duration to return of menses and discontinuation of
replacement therapy. The probability of remission with radiation therapy is close to
that of repeat surgery, 80% at best.

2. Length of time to remission

If remission occurs with either surgery, it will be immediate. It may take up to
10 years to achieve remission after radiation therapy, making this a less attractive
option [23-25].

3. Length of time to discontinuation of replacement glucocorticoid

Because the hypercortisolism is mild, it is possible that the length of time of
requiring replacement therapy will be short after either surgery. She will need to take
medical treatment (possibly with replacement glucocorticoid) until radiation is effec-
tive. It is possible that she will subsequently require replacement glucocorticoids.

4. Potential effects on return of regular menses and fertility

Radiation therapy carries a risk of hypogonadism; she may have a return to normal
menses before hypogonadism occurs if adjunctive medical therapy achieves eucorti-
solism. Because the hypercortisolism is mild, it is likely that menses will become
regular within a few months of either surgery. Extensive pituitary surgery also carries
arisk of loss of gonadal function, but in her case, the location of the tumor is known
so that this risk is extremely small. Bilateral adrenalectomy does not affect fertility.

5. Potential effects on the pregnancy/fetus

The need to take medication during and after radiation therapy until remission is
achieved will present additional difficulties in terms of the choice of an agent and its
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efficacy, which cannot be known a priori. Repeat pituitary surgery should not affect
a subsequent pregnancy. Bilateral adrenalectomy complicates pregnancy manage-
ment if there is hyperemesis, and the dose of replacement glucocorticoid will need
to be increased in the second or third trimester.

Final Synthesis and Outcome

The patient felt that repeat pituitary surgery provided the optimal mix of risk and
benefit for her and her husband. The neurosurgeon, chosen because of extensive
experience and high remission rates, planned to resect the lesion using a pseudocap-
sular technique and to biopsy and possibly remove the dura and wall of the cavern-
ous sinus if the tumor was directly adjacent to it. A desmopressin test was done
before surgery and was positive. At surgery, the tumor was adjacent to the dura and
the resected tumor and dural specimen contained ACTH-positive cells. Postoperative
cortisol levels were less than 2 pg/dL, but the desmopressin test was still positive,
though to a lesser extent. Additional discussion of the possibility of cells in the
remaining tissues led to a decision to undergo stereotactic radiation therapy to the
right cavernous sinus and to then attempt pregnancy as soon as menses became
regular, even if she was on replacement glucocorticoid. The rationale was that this
might prevent further growth of any remaining tumor cells and allow them to have
more children. The long-term plan was to have bilateral adrenalectomy if CD
recurred after this.

What if our patient had ectopic ACTH secretion? Recurrence of ectopic ACTH
secretion usually occurs due to metastatic disease, often one or two enlarged lymph
nodes in the context of pulmonary neuroendocrine tumors. Here, the evaluation is
directed to the possibility of remission after nodal resection, which may provide
long-term remission and, if not, a window of opportunity for pregnancy. Other pos-
sibilities include bilateral adrenalectomy, particularly if metastases are multiple and
small (or microscopic, if not seen on imaging). This approach may or may not be
coupled with chemotherapy or oncologic treatment, depending on the tumor burden
and type, which might also reduce fecundity. Clearly, there are additional issues of
survival time and the implications of delaying additional tumor-directed treatments
during a pregnancy that must be explored with a multidisciplinary team.

Conclusion

Consideration of short- and long-term risk goals is important when prioritizing indi-
vidualized choices for the treatment of recurrent Cushing’s syndrome. The hope for
childbearing is just one of the many considerations for these patients, but all patients



10

Cushing’s Disease: Preconception Management 133

of childbearing age should be asked if preservation of this option is important to
them. Our goals are not just to reverse hypercortisolism and address morbidity but
also to allow patients to consider all the options in life that they had before CS.
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Abbreviations

FSH Follicle-stimulating hormone
GnRH Gonadotropin-releasing hormone
HCG  Human chorionic gonadotropin
LH Luteinizing hormone

NFPA  Non-functioning pituitary adenoma
PCOS  Polycystic ovary syndrome

SF-1 Steroidogenic factor 1

TSH Thyroid-stimulating hormone

Case Presentation

A 33-year-old female presented to the emergency department with abdominal pain.
She had a presumptive diagnosis of polycystic ovary syndrome after assessment for
oligomenorrhea and subfertility by her gynecologist. However, an ultrasound
revealed bilaterally enlarged ovaries with multiple multiseptated ovarian cysts of
2-5 c¢cm and a thickened endometrial stripe of 16 mm and free fluid in the pelvis.
Estradiol was elevated at 420 pg/ml (1542 pmol/l), and FSH was 9.2 1U/l, but LH
was 0.2 IU/l with a prolactin of 70 mcg/l. On the basis of the disconcerting FSH:LH
ratio, hyperestrogenemia, and hyperprolactinemia, an MRI of the sella was per-
formed showing a 2.9 cranio-caudal x 2.1 transverse x 2.6 cm anterior-posterior
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Fig. 11.1 Sagittal (left panel) and coronal (right panel) images of T1-weighted gadolinium-
enhanced MRI images of the sellar/suprasellar mass

mass with suprasellar extension and compression of the optic chiasm but without
cavernous sinus invasion (Fig. 11.1). The patient underwent complete resection by
transsphenoidal approach, and the FSH dropped to 0.5 IU/I on postoperative day 1.
Histopathology showed strong staining for FSH in 70% of cells with LH in scattered
cells (5%) and negative prolactin staining; tumor tissue also stained strongly for
alpha-subunit and the gonadotroph transcription factor SF-1 (Fig. 11.2). Her men-
strual cycles normalized at 3 months postoperatively, and repeat pelvic ultrasound
showed resolution of the cysts.

Introduction

The term non-functional pituitary adenoma (NFPA) often is used to describe an
overarching category of pituitary adenomas that do not have clinically apparent
hormone hypersecretion and absent knowledge of their immunohistochemistry.
NFPAs comprise just under one-third of all pituitary tumors [1]. The prevalence of
NFPAs is estimated to be in the range of 7-41 per 100,000 [2], and a majority of
these tumors are considered gonadotroph-type tumors [3] with higher incidence in
older adult patients around 50 years of age [2, 4]. With the updated fourth edition of
the World Health Organization (WHO) 2017 classification of endocrine tumors [5],
the term “null cell tumor” is reserved for those tumors without expression of pitu-
itary transcription factors and hormones, whereas tumors of the gonadotroph lin-
eage are distinguished by varied expression of gonadotroph transcription factors
(mostly steroidogenic factor 1, GATA2, and occasionally estrogen receptor o) and
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Fig. 11.2 Immunohistochemistry of adenoma tissue using antibodies to (a) steroidogenic factor 1,
(b) alpha-subunit, (c) follicle-stimulating hormone beta subunit, and (d) luteinizing hormone
beta subunit

occasionally gonadotropin subunits FSH-f, LH-f, and/or a-subunit. These tumors
also can express other neuroendocrine gene products including secretogranin-II and
chromogranin A [6-8]. Pituitary adenomas of gonadotroph lineage often are dis-
cussed within the context of NFPAs because, in the vast majority of cases, there is
no hypersecretion of the gonadotropins although they are positive on immunostain-
ing or, in around one-third, those gonadotropins that are secreted and detected in the
serum by commercial immunoassays are not biologically active [9].

There are patients who present with truly functional gonadotroph tumors that can
cause significant clinical signs and symptoms beyond the local mass effects of a
macroadenoma, although they are rare. From a high-volume pituitary center, only
seven patients (five men, two women) were identified in the pituitary database over
17 years [10]. In women, functional gonadotroph tumors comprised only about an
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estimated 3% of the whole grouping of null and gonadotroph tumors or an estimated
8% of gonadotropin-staining tumors [11]. These tumors can have a significant
impact on reproductive health, fertility and sexual function, beyond mass effect, and
need to be managed appropriately, which usually means surgical resection. This
chapter explores the reported clinical presentations and potential biochemical and
imaging findings for patients with functional gonadotroph tumors and the approach
to management.

Pathophysiology

Follicle-stimulating hormone (FSH) and luteinizing hormone (LH) are members of
the glycoprotein hormone family which includes human chorionic gonadotropin
(HCG) and thyroid-stimulating hormone (TSH): they share a commonly expressed
a-subunit, while their f-subunits are unique. The degree of glycosylation can be
variable with di- and triglycosylation of tetraglycosylation of the FSH -subunit and
di- or triglycosylation of the LH p-subunit [12—-14]. Further, the composition of the
oligosaccharides can differ including the terminal monosaccharides of the glycan
residue, such as with sialic acid or sulfonated N-acetyl galactosamine [12-14].
These variations in glycosylation are biologically meaningful, and variations have
been documented during the menstrual cycle, in menopause, or with polycystic
ovary syndrome [15]. Glycosylation has been proposed to impact the gonadotropin
half-life in circulation as well as the activity of the gonadotropins at their receptors,
such as with increased FSH activity when glycosylation residues such as N-acetyl
galactosamine render it more basic [12, 14, 15].

The clinical presentation of patients impacted by hypersecretion of active gonad-
otropins from these tumors is predicted by the physiologic roles of the gonadotro-
pins in sexual development and function [16, 17]. As its name implies, FSH
stimulates follicle development during the follicular phase of the menstrual cycle
(beginning at day 1 of menstruation). After prior regression of the corpus luteum,
the estradiol, progesterone, and inhibins (A and B) are low, reducing feedback on
the hypothalamic-pituitary-gonadal to promote secretion of FSH [17]. The granulosa
cells that surround the follicles express FSH receptors that allow them to respond to
FSH with secretion of estrogen. Several ovarian follicles are recruited, the dominant
follicle begins to mature, and estradiol increases which feeds back on the
hypothalamus and pituitary to downregulate GnRH and FSH secretion. Inhibin B
also is secreted from developing follicles and dampens FSH secretion from the
pituitary [17].

When the estradiol levels are sustained at their peak, this promotes the surge in
LH which stimulates subsequent release of the ovum. The luteal phase is the time
from the LH surge to the beginning of menstrual bleeding. LH stimulates progester-
one and androgen production in the theca cells, the latter of which is aromatized to
estrogen in the granulosa cells. LH also promotes progesterone production from the
corpus luteum during the luteal phase.
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In males, FSH binds to its receptor on the Sertoli cells of the testes to induce cell
proliferation and gene expression patterns that provide nutritional support to sper-
matogenesis in the seminiferous tubules [18]. The clinical correlate is that testicular
volume reflects FSH levels in adults. The Sertoli cells produce inhibins which
directly feedback on the pituitary secretion of FSH. LH stimulates Leydig cells in
the interstitium of the seminiferous tubules to stimulate local testicular testosterone
production to support spermatogenesis [18]. Testosterone feeds back on the
hypothalamus which downregulates GnRH and gonadotropin secretion.

Clinical Presentation

For silent gonadotroph adenomas, their presence usually is brought to light by local
mass effect from the tumor with headaches, visual changes from compression on
the optic apparatus, and symptoms of hormonal deficits. Symptoms of mass effect
also can be part of the presentation of functional gonadotroph tumors, but there can
be additional impacts on the reproductive axis. Although the mean age of non-
functioning gonadotroph tumors is around the fourth to fifth decades, case reports
in the literature regarding functional gonadotroph adenomas in women involve
younger, reproductive-aged patients. One explanation is that the effect of the gonad-
otropins is mitigated with age, especially in postmenopausal women, because of the
development of ovarian insensitivity (e.g., FSH sensitivity of the ovaries wanes after
age 45). In postmenopausal females, high gonadotropins would not be considered
abnormal so that excess secretion from a gonadotroph tumor might go unnoticed,
and there would be no effect on estradiol levels because of a lack of preantral folli-
cles. In men, functional gonadotroph tumors are described in all ages, from prepu-
berty to patients >65 years of age [10, 19].

Functional gonadotroph tumors secrete FSH, LH, or both [20], although those
with disproportionately higher FSH secretion appear to be the most common.
Notably, tumor cell expression of FSH and LH can diverge, with FSH often more
diffusely expressed throughout the tumor, while LH immunostaining is “patchy” in
a subset of tumor cells [4]. Predominately LH-secreting tumors appear to be much
rarer and have been published as case reports [19].

Clinical and Laboratory Presentation: Females (Tables 11.1
and 11.2)

Active, secreted FSH from an adenoma in a reproductive age female can cause a
clinical presentation reminiscent of polycystic ovary syndrome (PCOS) (Table 11.1).
From a consecutive series of 200 gonadotroph tumor surgeries, there were 26
women under 50 years of age, with 7.7% who had ovarian cysts with a high FSH:LH
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Table 11.1 Differential laboratory and imaging findings with polycystic ovary syndrome
compared to functional FSH pituitary adenomas

PCOS FSH-secreting adenoma
Gonadotropins LH > FSH FSH >LH
Hyperandrogenism Yes No

Estrogen

Normal to mildly elevated

Very elevated

Prolactin

Normal or minimally elevated
due to hyperestrogenemia

Normal or elevated from the stalk
effect but <100 ng/ml (2.3 pmol/l)

Anti-Mullerian
hormone (AMH)

Mildly elevated

Elevated or low

Alpha-subunit

Normal range
a-Subunit:gonadotropin <1

Elevated
a-Subunit:gonadotropin >1

Pelvic ultrasound

Mildly enlarged ovaries
Subcapsular cysts (< 1 cm)
enlarged ovarian stroma
Thickened endometrium

Markedly enlarged ovaries (can be
>20 cm in length)

Multiseptated anechoic cysts
(1.5-5 cm)

Pseudoseptate

Thickened endometrium

Ascites

Adnexal torsion

Modified from Ntali et al. [6].

Table 11.2 Findings
associated with FSH-

producing pituitary adenomas

in female patients

Mild to moderate Oligomenorrhea/amenorrhea
(polycystic ovaries) | Menorrhagia
Galactorrhea
Polycystic enlarged ovaries
Infertility
Severe (ovarian Abdominal distension
hyperstimulation) Ascites

Severe pelvic or abdominal pain
Nausea and vomiting

Ovarian torsion

Respiratory distress

Acute kidney injury
Hypercoagulability

ratio, so this may be a missed diagnosis in a proportion of patients with a label of
PCOS [21]. Symptoms can include amenorrhea and oligomenorrhea (Tables 11.1
and 11.2). Multiple cysts are apparent on pelvic imaging, and ovaries as large as
20 cm have been described (Fig. 11.3) [22]. Endometrial hyperplasia and dysfunc-
tional bleeding or menorrhagia can occur [23]. In some case reports, estrogen-
progesterone containing oral contraceptive pills (OCPs) may mask the presentation
[24, 25] so that symptoms of pelvic pain and oligomenorrhea manifest only after
exogenous estrogen and progesterone are discontinued but without a thickened
endometrium, likely because of the protection by the cyclical progesterone in the

OCPs [24].
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Fig. 11.3 MRI of the
abdomen and pelvis
showing multiple enlarged
cysts of the ovaries in a
patient with ovarian
hyperstimulation syndrome
(OHSS) and a functional
follicle-stimulating
hormone-secreting
pituitary adenoma.
(Reproduced with
permission of Springer
Nature from Ref. [11])

A more severe presentation also has been described for FSH-dominant tumors
which are evocative of ovarian hyperstimulation syndrome (OHSS) (Table 11.2)
[26], with the first case described in 1995 [23]. OHSS also has been described in a
13-year-old postmenarchal girl [27]. From a series of 171 cases of premenopausal
women with a clinical diagnosis of non-functional pituitary adenomas, 36.6% had
positive gonadotroph immunohistochemistry, but only 2.9% (n = 2 patients) had
ovarian hyperstimulation findings which comprised 8.1% of gonadotropin-
immunostaining tumors [11]. GnRH analog administration for fertility treatments
has been shown to precipitate OHSS in women with functional gonadotroph tumors,
such as with one case with a macroadenoma with 15% FSH staining and with estra-
diol above 30,000 pg/ml (normal range 22.4-398 pg/ml) [28]. This adverse event
may be because of a paradoxical increase in FSH secondary to GnRH receptor
stimulation, exacerbating the hormonal dysregulation [29, 30]. The perilous find-
ings of unilateral and bilateral adnexal torsion also have been reported [28, 31].

From the reproductive endocrinology literature, OHSS is a dangerous adverse
event that can occur during ovarian stimulation for egg retrieval for in vitro fertiliza-
tion [26]. Some cases may be mild, but vascular permeability as mediated by vascu-
lar endothelial growth factor (VEGF) and other vasoactive factors can lead to more
serious manifestations of ascites, pleural effusions/hydrothorax, adult respiratory
distress syndrome, acute kidney injury/anuria, and hypercoagulability with venous
or arterial thromboembolism [26]. Abnormal laboratory findings can include
increased white blood cell counts, decreased glomerular filtration rate, hypovolemic
hyponatremia, hyperkalemia, and liver test abnormalities. An increased risk for
OHSS with ovarian stimulation correlates with elevated anti-Mullerian hormone
(AMH) levels >10 ng/ml and antral follicle counts >24 [26]. Inpatient care for
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OHSS is mostly supportive with fluid resuscitation, anticoagulation, and paracente-
sis or culdocentesis as indicated [26]. Notably, cabergoline has been investigated for
treatment of OHSS in the context of assisted reproductive technologies, and there is
evidence that it may decrease the incidence of OHSS manifestations, including asci-
tes [26].

Regarding the laboratory findings in patients with functional gonadotroph
tumors, discordant levels of FSH and LH can be an important clue (Table 11.1).
Although LH and FSH can differ somewhat during the menstrual cycle, the usual
ratio of LH to FSH is between 1 and 2 [32], and even narrower LH/FSH quotients
have been proposed where the ratio is 0.82 in the follicular phase and 1.12 in the
luteal phase. Laboratory results showing that the FSH is disproportionately higher
than LH can hint toward autonomous secretion of FSH from a pituitary adenoma.
Rather than the LH > FSH pattern often observed in patients with PCOS (Table 11.1),
patients with functional FSH tumors may have a normal or elevated FSH with a low
or completely suppressed adenohypophysial LH due to hyperestrogenemia feed-
back, prolactin elevation, and/or damage to native gonadotrophs from tumor com-
pression of the gland. Tumoral FSH may not necessarily need to be tremendously
elevated, but it is out of proportion with the LH [33]. One explanation of how a
“normal range” FSH might be able to cause such extreme manifestations as OHSS
may be secondary to increased bioactivity of the tumoral FSH in these cases [6, 25],
possibly impacted by glycosylation.

Estrogen is elevated, with levels reported in the 1000s to 10,000s pmol/L
(300-3000s pg/ml) range, severalfold above the normal follicular range [24, 34].
Hyperestrogenemia may be dependent on some level of concomitant functional LH
production, as suggested by a patient case reported to have an undetectable LH with
estrogen levels that were not elevated in spite of multiple ovarian cysts [35].
Supranormal prolactin also may be found, possibly driven by the hyperestrogen-
emia or due to the stalk effect from a macroadenoma. Inhibin B is elevated [8],
stimulated by the FSH.

The practical role of AMH for diagnostic testing is not clear, but it would be
expected to be elevated as stimulated by FSH. However, in most case reports, it was
not tested or mentioned. In one case in a reproductive-aged woman, it was low and
decreased further after tumor resection; the authors speculate that there may have
been exhaustion of preantral follicles after continuous stimulation by FSH [36].

Some older reports discuss dynamic testing when a gonadotroph tumor is sus-
pected. TRH stimulation has been utilized [37] but with a paradoxical increase in
gonadotropin release from the tumor. The lack of available TRH decreases the more
widespread application of this test, and it is not clear that it is necessary when the
constellation of clinical findings discussed above is present. Further, there is a risk
of tumor apoplexy [38]. GnRH stimulation tests also have been used to examine
FSH and/or LH suppression versus paradoxical hypersecretion from these tumors,
but, as with TRH testing, there is the possibility of tumor apoplexy and also precipi-
tation of OHSS in response to GnRH [38, 39].

LH-secreting pituitary adenomas are less common compared to FSH or mixed
FSH/LH tumors and are more often reported in men. In one case [8], described
as an LH-secreting adenoma, a reproductive-aged woman presented with
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hyperprolactinemia with hyperestrogenemia (estradiol 980 pg/ml), elevated inhibin
B (352 pg/ml), an LH of 3.3 IU/], and an FSH of 9.53 TU/I. The authors character-
ized this tumor as an LH adenoma based on the immunostaining (50% LH with only
5% FSH). However, given the reported serum FSH > LH ratio and the clinical pre-
sentation, it is possible that this tumor was behaving clinically more as an FSH-
dominant adenoma in spite of the higher proportion of LH immunostaining. From
lessons with other non-functional gonadotroph tumors, immunostaining does not
necessarily translate into secretion of an active gonadotropin. Another case of an
LH tumor has been described in a female patient with irregular cycles and infertility,
with elevated LH (50.62 IU/I preoperatively) with a low normal FSH (4.23 TU/1
preoperatively), and with no FSH immunostaining on pathology [19]. The patient
had normal pelvic ultrasound findings, unlike with the multiple ovarian cysts
observed with FSH-secreting tumors, and this may be more likely to fit the expected
presentation of a functional LH tumor in a female patient [19].

MRI of the sella can reveal a mass consistent in appearance and enhancement
with a pituitary adenoma. The majority of these tumors will be macroadenomas,
many with invasion and extension although, occasionally, tumors <1 cm have been
described [6-8, 11, 22, 39, 40].

Clinical and Laboratory Presentation: Males (Table 11.3)

In a male patient, FSH will promote increased length of the seminiferous tubules
and testicular volume, and length can be enlarged to >25 cc (range of 37-108 cc)
and 5-7 cm in the long axis, respectively [6, 20, 41-44]. Both increased and
impaired spermatogenesis have been reported [44, 45] (Table 11.3).

Table 11.3 Presentation of male patients with functional gonadotroph tumors

Dominant tumoral

gonadotroph type

FSH

LH

Symptoms

Testicular pain

Testicular enlargement
Decreased ejaculate volume
Dysuria

Increased libido
Precocious puberty

Clinical exam

Macro-orchidism >25 cc
5-7-cm-long axis

Laboratory findings

FSH >>LH

Elevated a-subunit

Elevated prolactin®

Decreased ejaculate volume
Azoospermia/hypospermia
Low, normal, or increased
testosterone has been reported

LH >> FSH

LH range 99 to >200 IU/I’ in adult
males (5 IU/I in precocious puberty)
Elevated a-subunit

Elevated prolactin®

Increased estradiol

Increased testosterone (can be
>1500 ng/ml)

aStalk effect levels <100 ng/ml

"Precocious puberty
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There are a few reported cases of LH-secreting adenomas in adult men [19].
Tumoral LH may be secreted in a pulsatile fashion [46]. One case is reported in a
9-year-old male child who presented with precocious puberty, as referenced by
Zhang [19], but the primary source was not attainable. Although the elevation of
testosterone in a functional LH-secreting tumor could be expected, elevated testos-
terone levels also have been described in male patients with tumors with elevated
FSH, rather than LH, and that stained only for FSH [47]. In one report, a patient
with a macroadenoma had an FSH 36.6 mIU/l and LH 10.7 mIU/1, and the total and
free testosterone were above the assay range at >1500 ng/dl (normal 300-800 ng/dl)
and >410 pg/ml (normal 47-244 pg/ml), respectively [47]. Removal of the tumor
resulted in normalization of FSH, low LH, and low testosterone levels. Leydig cell
hyperplasia was noted on testicular biopsy from a patient with an LH-secreting
tumor [48].

Estradiol can be above the male normal range, possibly derived from aromatiza-
tion from elevated testosterone, remembering that aromatase expression in Sertoli
cells is increased by FSH. Alpha-subunit also may be elevated and has been reported
as high as 72 ng/ml [19]. The ratio of serum alpha-subunit to gonadotropin levels
may be elevated >1 versus <1 in normal or hypogonadal men. Prolactin also can be
increased due to the stalk effect from the tumor. Similar to the finding of a paradoxical
response to GnRH agonists in women with functional FSH tumors, increases in LH
in spite of injection GnRH analog have been reported [20, 46, 48, 49].

Management

First-line therapy is surgical removal of the pituitary adenoma, usually by a micro-
scopic or endoscopic transsphenoidal approach by a high-volume pituitary surgeon.
For women, there can be postoperative regression of the size of ovarian cysts [21]
with resumption of menses [19]. With an adequate resection, women can achieve
fertility. Spontaneous pregnancies have been reported after successful resection of
FSH and LH-dominant adenomas, with conception relatively soon after surgery
(~3-6 months) [19, 34, 50].

Male patients should be counseled that the preoperative testosterone levels may
be driven by the tumor and may drop postoperatively and that androgen replacement
therapy may be needed in the long term. There can be loss of native gonadotrophin
secretion due to gland dysfunction from effects from the tumor or surgery, so that
when the tumoral gonadotropins are lowered, hypogonadism manifests [47].

Since functional gonadotroph tumors are rare, there is only case report level of
evidence for medical therapies to impact tumor size, gonadotropin hypersecretion,
and/or sex hormone abnormalities [51], although there is more literature for non-
functioning subtypes [52, 53]. Long-term dopamine agonist therapy may have ben-
efit in a subset of gonadotroph tumors [52] but is dependent on dopamine receptor
subtype 2 (DR2) expression, particularly the DR2-short isoform [54]. Notably, in
cases of tumoral OHSS, dopamine agonists also have been used [37], remembering
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that there is an acceptable level of evidence for the use of cabergoline for OHSS
associated with assisted reproductive technologies. Bromocriptine has been
associated with resolution of enlarged ovarian cysts and anovulation in a patient
with elevated FSH and prolactin: the tumor stained for FSH (80% of cells) and
prolactin (5% of cells) and expressed DR2 [37].

Somatostatin receptor ligands, such as octreotide, have a limited impact on
NFPAs which is dependent on expression of somatostatin receptors (SSTR), par-
ticularly SSTR2 [55], and have been used in gonadotroph adenomas [52, 53]. Short-
and long-acting octreotide was successfully used to treat a woman with a recurrence
of a functional gonadotroph (LH and FSH) tumor while awaiting the effects of
radiation therapy, with normalization of estradiol and resolution of ovarian cysts
[56]. In a large series of gonadotroph tumors [53], immunostaining for SSTRS was
negative, so that it is not clear that the use of pasireotide, the second general soma-
tostatin receptor ligand with higher affinity for SSTRS5, would be more efficacious
than octreotide or lanreotide, although its affinity for SSTR3 may be intriguing [57].

GnRH analogs have not been shown to be a viable option [58] and should be
avoided as there can be a paradoxical increase in tumor size and gonadotropin secre-
tion, with consequences that include enlargement of the ovaries, precipitation of
OHSS, and pituitary apoplexy [20, 23, 30, 39, 46, 48, 59].

There may be some cases where there is residual tumor after resection that could
be amenable to radiosurgery or radiotherapy. This could include tumoral remnants
proximal to the cavernous sinus. Factors including distance of the tumor from the
optic chiasm and potential damage to the gland would have to be decided on a case-
by-case basis. Notably, the effects of radiation take time, in some cases years.

Conclusion

Functional gonadotroph tumors are rare, with FSH-dominant tumors comprising the
majority. There are important clinical clues that should stimulate the clinician to
recognize the constellation of clinical and biochemical findings that should prompt
imaging of the sella, including disproportionate gonadotropin ratios. Management
requires surgical removal of the culprit tumor with the hope that there will be some
normalization of the reproductive axis and fertility. If there is inaccessible tumor,
such as with cavernous sinus invasion, radiosurgery may need to be considered.
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Chapter 12 )
Optimization of Care for Women

with Complex Pituitary Tumors Who Seek
Fertility

Check for
updates

Lisa B. Nachtigall

Case Presentation

This is a 33-year-old woman with a history of acromegaly treated with transsphe-
noidal surgery and radiation therapy and receiving medical therapy to control
growth hormone excess who wishes to conceive. At age 30, she developed right
visual loss and was found to have bilateral visual field defects and a pituitary mac-
roadenoma (Fig. 12.1a). She had also noted an increase in hand and foot size, dif-
ficulty biting down because of malocclusion of her jaw, headaches, sweating, and
snoring. She had heavy menstrual cycles that were irregular and treated with birth
control pills for several years.

On exam she had facial changes consistent with acromegaly including broaden-
ing of her nose, widening of her forehead, thickening of her lips, coarsening of her
facial features, spaces between her teeth, macroglossia, thickening of her fingers,
and doughy hands. She had multiple skin tags on her face and her back. Laboratory
studies indicated an insulin-like growth factor 1 (IGF-1) level of 900 ng/ml (normal,
53-351), random growth hormone (GH) level of 56 ng/ml (normal <7), and prolac-
tin level of 57 ng/ml (normal, 0.1-23.3). Her other hormonal function testing before
surgery showed a normal free T4, normal TSH, and a normal cosyntropin stimula-
tion test. Hypothalamic-pituitary-gonadal axis could not be assessed reliably given
that she was on birth control pills.

She underwent transsphenoidal surgery. Pathology revealed a sparsely granu-
lated somatotroph adenoma, with an elevated KI-67 proliferation index of 4%. Six
weeks postoperatively, her MRI showed partial resection of the large macroade-
noma with residual lesion in the left cavernous sinus (Fig. 12.1b). Three months

L. B. Nachtigall (P<)
Neuroendocrine and Pituitary Tumor Clinical Center, Boston, MA, USA

Massachusetts General Hospital/Harvard Medical School, Boston, MA, USA
e-mail: Inachtigall@mgh.harvard.edu

© Springer Nature Switzerland AG 2022 149
S. L. Samson, A. G. Ioachimescu (eds.), Pituitary Disorders throughout the Life
Cycle, https://doi.org/10.1007/978-3-030-99918-6_12


mailto:lnachtigall@mgh.harvard.edu
https://doi.org/10.1007/978-3-030-99918-6_12

150 L. B. Nachtigall

Fig.12.1 Pituitary MRI’s T1 coronal post contrast. (a) Preoperative baseline imaging: MRI shows
large pituitary macroadenoma with extension to the left cavernous sinus, mass effect on the adja-
cent optic nerve/chiasm/tracts, anterior mesial left temporal lobe, and inferior left frontal lobe.
Foci of the T2 hypointensity and susceptibility effect within the lesion consistent with blood prod-
ucts. (b) Six weeks postoperative imaging: Evolving post-surgical findings of interval transsphe-
noidal surgery for partial resection of sellar mass with residual hypoenhancing lesion in left sellar
encasing the left cavernous internal carotid artery. (¢) Two years post-radiation imaging: Interval
decrease in size of enhancing soft tissue in the left aspect of the sella extending into the left cavern-
ous sinus and floor of the left middle cranial fossa. The mass continues to encase the left cavernous
internal carotid artery

postoperatively, mild central hypothyroidism developed, and IGF-1 level improved
but remained elevated (Table 12.1). The IGF-1 level failed to normalize on a maxi-
mal dose of first-generation somatostatin analog (lanreotide 120 mg per month).
Pegvisomant was added. On the combination of lanreotide 120 mg per month and
pegvisomant 30 mg per day, she achieved biochemical control with normalization
of the IGF-1 level at 237 ng/ml (53-331) while taking on oral contraceptive, as she
was advised to avoid pregnancy while receiving medical therapies for acromegaly.
However, she wanted to conceive as soon as it would be safe to do so. Given the
high KI-67, suggestive of possible aggressive tumor behavior and the significant
residual tumor, radiation therapy was administered.

Anterior pituitary hormone tests remained normal 6 and 12 months after radia-
tion. However, 2 years post radiation, and off birth control pills for more than
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Table 12.1 Longitudinal biochemical results for the patient preconception

Three months postoperatively*

Hormone Serum concentration Normal range
Am cortisol (pg/dl) 31 5-25
Prolactin (ng/mL) 18 1-23
IGF-1 (ng/ml) 711 53-351
Free T4 (ng/dL) 0.8 0.9-1.8
TSH (pIU/L) 0.12 0.4-5
Two years post-radiation therapy/baseline prior to ovulation induction®
Cortisol (pg/dl) 14¢ >18
Prolactin (ng/mL) 29.7 1-23

IGF-1 (ng/mL) 711 53-351

Free T4 (ng/dL) 1.6 9-1.8

TSH (uIU/L) <0.01 0.4-5

FSH (IU/mL) 7.2 3-30
Estradiol (pg/ml) 7 12-3324
MIF (ng/ml) 146 0.7-7.5~

Abbreviations: /GF-1, insulin growth factor 1, MIF Mullerian inhibitory factor
2On birth control pills

> Off birth control pills

¢1 h post-cortrosyn administration

dFollicular phase normal range

8 weeks, she had no menstrual periods and developed severe fatigue. She was found
to have hypogonadotropic hypogonadism, mild hyperprolactinemia, and adrenal
insufficiency (Table 12.1). She was treated with oral hydrocortisone 10 mg in the
morning and 5 mg in the afternoon daily with improvement of symptoms. Pituitary
imaging revealed ongoing resolution of tumor (Fig. 12.1c). Medical therapy (pegvi-
somant and the long-acting lanreotide) for acromegaly was discontinued in prepara-
tion for ovulation induction. In this setting, headaches recurred, and IGF-1 rose into
the 500 ng/mL range. She was switched to cabergoline 2 mg per week with the goal
of decreasing both the IGF-1 and prolactin levels. In addition, subcutaneous octreo-
tide, short-acting, was administered at a low dose to control her headaches and
stopped 3 days before ovulation induction. IGF-1 was minimally elevated, just
slightly above the normal range, before ovulation induction with human meno-
pausal gonadotropins (HMG) was begun. A low dose and slow regimen of HMG
was started. Two cycles were aborted due to multiple follicles. On the third cycle, a
singleton pregnancy was achieved with low-dose HMG for ovulation induction,
along with intrauterine insemination following hCG trigger of oocyte release.

Cabergoline was stopped at conception. Thyroid replacement was increased by
two pills per week, 28.6% in anticipation of increased needs of pregnancy. The free
T4 level was planned for 1 month. Current dose of hydrocortisone was maintained,
with suggested close monitoring of blood pressure and clinical follow-up planned.
Monitoring for gestational diabetes and maternal fetal consult was suggested. Visual
field testing every trimester was advised. Stress dose steroids were advised during
active labor and at delivery.
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Pathophysiology of Infertility in Patients
with Pituitary Tumors

Hypothalamic-Pituitary-Gonadal (HPG) Axis

Pulsatile-luteinizing hormone (LH) and follicle-stimulating hormone (FSH) secre-
tion are required for ovulatory function [1]. Hypothalamic amenorrhea due to func-
tional causes disrupts the secretion of GnRH resulting in low LH and FSH and may
be associated with endogenous hypercortisolemia and low serum T4 and T3 [2].
Pulsatile gonadotropin-releasing hormone (GnRH) may restore ovulatory function
and fertility in the setting of congenital isolated hypogonadotropic hypogonadism
due to GnRH deficiency and in hypothalamic amenorrhea due to functional disor-
ders [1, 2]. In the setting of pituitary lesions, pituitary surgery and/or pituitary radia-
tion, the absence of, disruption of, or decrease in LH and FSH cause anovulation,
which may be reversed with exogenous administration of gonadotropins [3]. Women
with hypogonadotropic hypogonadism have been found to have higher anti-
Mullerian hormone (AMH) levels than women with male factor or tubal causes of
infertility [4] or compared to normal controls [5]. A hypothesis is that higher AMH
may be due to multiple antral follicles too small in size to be detectable by ultra-
sound [5].

Hypothalamic-Pituitary-Growth Hormone (HPGH) Axis

The ovary has GH and IGF-1 receptors. IGF-1 may augment LH and FSH signaling
in granulosa cells. However, a direct GH involvement in follicular maturation is
shown in GH receptor/growth hormone-binding protein (GHBP) mice knockouts
which have a lower rate of ovulation, are threefold less responsive to gonadotropin
treatment than the wild type, and cannot be rescued with IGF-1, suggesting that the
GH effects on follicular growth are independent of IGF-1 [6]. GHI is thought to
have a beneficial effect on oocyte quality and possibly on endometrial receptivity
when given during ovarian stimulation [7] with improvement in pregnancy rate and
a trend toward a higher but not statistically significant improvement in live birth rate
[8]. However, studies of GH replacement in women with hypopituitarism are lim-
ited. On the other hand, GH excess has detrimental effects on fertility. Polycystic
ovarian syndrome morphology has been reported as a consequence of exogenous
GH therapy in women with hypopituitarism and those with isolated GH deficiency
[9]. Endogenous GH excess due to growth hormone-secreting tumors can also be
associated with polycystic ovarian syndrome morphology and infertility [10].
Acromegaly, as in the clinical case described here, may cause infertility by four dif-
ferent mechanisms: (1) high prolactin, either due to co-secretion with growth hor-
mone or stalk effect, which inhibits GnRH, (2) gonadotropin deficiency due to
tumor mass, (3) gonadotropin deficiency due to surgery or radiation, and (4) GH
and IGF-1 itself causing a polycystic ovarian syndrome-like state [10].
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Hypothalamic-Pituitary-Adrenal (HPA) Axis

There are many interactions between the HPA and the HPG axis which are relevant
when considering fertility in a patient with central adrenal insufficiency. Excessive
amounts of endogenous or exogenous glucocorticoids (GC) inhibit LH secretion,
thereby reducing estrogen and progesterone, and GC may cause endometrial resis-
tance to gonadal steroids [11]. While primary adrenal insufficiency has been associ-
ated with decreased parity, the mechanism for the lower birth rates in women with
adrenal insufficiency is not known [12, 13]. Low adrenal androgens and/or GC over
replacement could be responsible [12, 13], and both are theoretically applicable to
patients with hypopituitarism and central adrenal insufficiency. However, these
studies have been limited to women with primary adrenal insufficiency. During
estrogen treatment in preparation for ovulation induction or during a stimulated
cycle of ovulation induction, high estrogen levels will increase cortisol-binding
globulin (CBQG), resulting in higher serum cortisol levels, an effect that must be
considered in interpreting results in this setting [14].

Hypothalamic-Pituitary-Thyroid Axis

Normal fetal development requires thyroid hormone. Primary hypothyroidism dur-
ing pregnancy is associated with adverse outcomes. While trimester-specific
thyroid-stimulating hormone (TSH) levels have been identified for women with
intact thyroid function, TSH measurement is not useful for women with central
hypothyroidism. There is limited information regarding the diagnosis of central
hypothyroidism during pregnancy. Low free T4 levels in the setting of low or inap-
propriately normal TSH would typically be diagnostic of central hypothyroidism
but may be difficult to interpret during pregnancy. Free T4 by dialysis may be more
reliable than other free T4 assays during pregnancy. A low total T4 would be indica-
tive of central hypothyroidism in early pregnancy, or during a stimulated cycle with
a high estradiol level, given the expected increase in total T4 due to estrogen-
stimulated increase in thyroid-binding globulin (TBG). Therefore, a low total T4
likely reflects central hypothyroidism in patients with known pituitary disorders
after conception.

It is known that hCG stimulates the thyroid gland to produce thyroid hormones,
such that in women with intact thyroid function, free T4 concentrations rise and
TSH decreases beginning at 6 weeks of gestation [15]. The normal cutoffs for free
thyroid hormone levels are not well defined, and the expected pattern of thyroid
levels for women with impaired hypothalamic-pituitary-thyroidal axis during preg-
nancy is unclear. It is conceivable that women with borderline or mild central hypo-
thyroidism may respond to HCG stimulation with sufficient production of thyroid
hormone if the thyroid gland itself remains intact. There are no randomized pro-
spective trials evaluating thyroid hormone replacement preconception in patients
with pituitary dysfunction, known or suspected to have central hypothyroidism.
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However, it is reasonable to consider some of the same principles used in women
without pituitary disease, including assessment of thyroid peroxidase antibodies if
TSH is high or borderline high, adding iodine (150 ug per day) to avoid deficiency,
and following thyroid levels at regular intervals’ preconception and during preg-
nancy. For women at risk for central hypothyroidism in whom the diagnosis is not
confirmed, the proposed protocol of thyroid testing every 3 months of preconcep-
tion and each month during pregnancy starting at 6—8 weeks is not unreason-
able [15].

Posterior Pituitary/Diabetes Insipidus (DI)

Arginine vasopressin has an important role in the LH surge [16] and in the activa-
tion of kisspeptin neurons [17] in mice. However, women with DI may have normal
ovulatory function. Oxytocin deficiency is not associated with reproductive dys-
function in mice [18] or women. In women with hypopituitarism who have previ-
ously untreated adrenal insufficiency and diabetes insipidus, GC replacement may
unmask subclinical DI. This is relevant for any patient who has a risk of hypopitu-
itarism who has begun on steroid replacement including but not limited to women
with pituitary disorders who present preconception.

Diagnostic Testing and Biochemical Monitoring
of the Pituitary Patient Desiring Fertility

Diagnostic testing required for evaluation of the female pituitary patient is illus-
trated in Table 12.2. Evaluation for hormone excess should also be performed prior
to fertility treatments when clinically indicated. In our case, the patient had known
acromegaly, and multiple IGF-1 levels were assessed after surgical therapy, during
medical therapy for acromegaly, and following treatment with radiation therapy.
Preconception, after withdrawal of medical therapy, IGF-1 was re-evaluated. Prior
to ovulation induction and pregnancy, clinical evaluation for signs and symptoms of
acromegaly, blood pressure, and blood glucose levels were assessed. These clinical
assessments are recommended also throughout pregnancy. For evaluation of the
hypothalamic-pituitary-thyroid axis, free thyroxine and TSH were assessed in tan-
dem to evaluate for central hypothyroidism at baseline presentation, following radi-
ation therapy and in preparation for ovulation induction. Once the patient was
placed on thyroid hormone for central hypothyroidism, the free T4 rather than the
TSH was monitored to assess adequacy of replacement treatment. Once the diagno-
sis of central hypothyroidism was established and hormone replacement was initi-
ated, TSH was not used to monitor and guide thyroid hormone replacement therapy
since this is not the appropriate metric to determine thyroid dose in central
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Table 12.2 Diagnosis and management of anterior hypopituitarism in women with pituitary
disorders seeking fertility*

Screening test | Stimulation test to | Replacement during | Replacement during
Axis for deficiency® | confirm deficiency | fertility treatment pregnancy
Growth IGF-1 GH stimulation Controversial® Not approved
hormone test
(GH)
Adrenal a.m. fasting Cosyntropin Yes Yes
cortisol stimulation test Stress dose GC in
labor and delivery
Gonadal FSH and Not indicated No No
estradiol?
Thyroid TSH and free | Not indicated Yes Yes
T4 Increase dose once
pregnancy
confirmed

Abbreviations: FSH follicle-stimulating hormone, GH growth hormone, /GF-1 insulin-like growth
factor 1, TSH thyroid-stimulating hormone, GC glucocorticoids

*If identified, hormone excess (GH, prolactin, cortisol) must be managed before fertility treatments
Screening and stimulation testing are recommended before conception

¢Insufficient data on safety and efficacy of GH replacement during assisted reproduction
4Measurement recommended on day 3 of the menstrual cycle

hypothyroidism. In fact, insufficient TSH secretion may result in low TSH levels
even when the thyroid dose is inadequate and when thyroxine levels are low. Prior
to fertility attempts, a normal free T4, and ideally in the upper normal range, is sug-
gested as the goal of therapy [3].

For evaluation of the HPA axis, cosyntropin stimulation testing was used at the
time of diagnosis, 6 weeks after surgical therapy, and at intervals post radiation
therapy. Monitoring for adrenal insufficiency prior to the start of ovulation induc-
tion and conception is appropriate [19]. Cosyntropin stimulation is not approved for
use in pregnant patients, and interpretation of results of the cosyntropin stimulation
will vary by trimester [19]. Cosyntropin stimulation testing is not a reliable diagnos-
tic test in the setting of acute adrenal insufficiency such as apoplexy, acute hemor-
rhage postpartum, or acute pituitary trauma, since the adrenal glands will remain
responsive to ACTH stimulation after acute endogenous loss of ACTH secretion,
and may mount a sufficient peak cortisol in response to this test even in the absence
of endogenous ACTH secretion. Typically it will take 1-3 months for the adrenal
gland to atrophy, and after that time, the stimulation test will be useful in the confir-
mation of central adrenal insufficiency [20].

For evaluation of the HPG axis, FSH and estradiol levels were obtained once the
patient had discontinued birth control pills to assess hypothalamic-pituitary-gonadal
function. We suggest that birth control pills are withdrawn at least 6 weeks before
reliable assessment of the HPG axis. This allows not just for the washout of the
hormones which may take just a few days but for the HPG axis to recover which
may take a few weeks. Individual variation in the timing to recovery after stopping
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the oral contraceptive may be seen. In this case, the low FSH and low estrogen lev-
els confirmed hypogonadotropic hypogonadism. Mullerian inhibitory factor (MIF)
(or anti-Mullerian hormone, AMH) is used to assess ovarian reserve, and lower
levels indicate a poor likelihood of response to ovulation induction or in vitro fertil-
ization (IVF).

Testing for central diabetes insipidus (DI) prior to fertility in women with pitu-
itary disorders is important since polyuria and polydipsia during pregnancy are not
uncommon in normal pregnancies and untreated DI may be associated with poor
outcomes during pregnancy. A normal serum sodium and the absence of polyuria
and polydipsia sufficiently exclude the diagnosis in this setting. In a patient with
polyuria and polydipsia, a water-deprived serum sodium paired with a urine osmo-
larity or a water deprivation test can be done. In a patient with appropriate urine
concentration after water deprivation, DI is definitively excluded. In such patients,
other causes of polyuria and polydipsia should be sought such as hyperglycemia and
hypercalcemia.

It is advisable to check levels of hormones such as prolactin, free T4, and cortisol
prior to ovulation induction-assisted reproductive therapy since stimulation with
gonadotropins and the associated very high estrogen levels will affect these hor-
mones. In general, cosyntropin stimulation test is avoided once conception has
occurred.

Imaging Evaluation

Performing an MRI of the pituitary prior to the onset of ovulation induction is
essential to determine the proximity of the superior portion of the tumor to the optic
chiasm. Surgery alone or surgery followed by radiation is needed preconception for
large tumors with suprasellar extension which are close to or contact the optic chi-
asm [14]. To avoid vision problems during pregnancy, it is important to keep in
mind that some tumors progress but also that the pituitary gland undergoes lacto-
troph hyperplasia during pregnancy [3, 21]. Hence, formal visual fields should be
obtained at baseline and throughout the pregnancy for macroadenomas. The MRI
scans pre- and postoperatively for our patient are shown in Fig. 12.1. Her visual
field test prior to pregnancy was normal.

Management

Treatment of Pituitary Hormone Excess

For acromegaly, the patient in the case above had been treated with transsphenoidal
surgery and then combination medical therapy with long-acting somatostatin recep-
tor ligand and pegvisomant. She had undergone radiation therapy 2 years before
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receiving fertility treatment, which was recommended to decrease the risk of tumor
growth during pregnancy and to decrease the number of medical therapies required
to achieve control prior to fertility treatment. Since the tumor was large and near the
chiasm, fractionated radiation therapy with protons was administered. In her case,
single-dose radiosurgery was not offered since the large treatment field would
expose the optic chiasm to high-dose radiation and the risk of visual loss [22].

Oral contraceptives were stopped in preparation for fertility treatment with ovu-
lation induction. Notably stopping oral contraceptives may be associated with an
increase in IGF-1 levels in patients with active acromegaly since oral estrogen levels
lower IGF-I, via estrogen’s inhibition of GH signaling [23]. Prior to the initiation of
fertility treatment, medical therapy for acromegaly with the combination of GH
receptor antagonist and long-acting somatostatin receptor ligand was withdrawn.
She was switched to a short-acting somatostatin receptor ligand (subcutaneous
octreotide), which was discontinued prior to fertility treatments (anticipated wash-
out of at least 72 h) [24, 25]. Both prolactin and IGF-1 levels were elevated after
stopping the combination of GH receptor antagonist and long-acting somatostatin
receptor ligand. Therefore, cabergoline was also used prior to and during ovulation
induction and discontinued at the time of conception.

Maternal fetal medicine was consulted regarding the maternal fetal risk includ-
ing gestational diabetes and hypertension. Pituitary imaging during pregnancy was
not advised during pregnancy, unless critically necessary and, if so, with a sugges-
tion to perform without contrast. Instead, formal visual fields were suggested each
trimester, since it is known that the pituitary gland grows during pregnancy, and this
would allow identification of a compressive effect on the chiasm [21]. The normal
IGF-1 range for pregnancy differs compared to non-gravid state [25, 26]. Placental
hormones and IGF-binding protein changes during pregnancy affect the gestational
GH-IGF-1 axis [26, 27]. Phosphorylation and proteolysis result in IGF-binding pro-
teins with reduced affinity for IGFs and result in increased bioavailability of IGFs
[28]. Therefore, the patient would be followed clinically rather than with IGF-1
levels during her pregnancy as per Endocrine Society guidelines [29]. Normalization
of prolactin with dopamine agonist prior to pregnancy was achieved, and then the
dopamine agonist was stopped at the time of conception. Neither cabergoline nor
bromocriptine is approved for use during pregnancy. More data are available on
bromocriptine than cabergoline for use during pregnancy [30], but cabergoline was
used preconception in this case since it has demonstrated efficacy in controlling GH
excess in acromegaly [29, 31].

Treatment of Hypopituitarism
Hypothalamic-Pituitary-Adrenal Axis (HPA)
Women with adrenal insufficiency can be replaced with physiologic GC either with

prednisone or hydrocortisone during pregnancy, since both are deactivated by the
placental 11-p-hydroxysteroid dehydrogenase 2, which protects the fetus from



158 L. B. Nachtigall

excessive cortisol exposure [32]. Dexamethasone is not the recommended replace-
ment choice in women with adrenal insufficiency during pregnancy since it is not
inactivated by placental 11-p-hydroxysteroid dehydrogenase type 2 and thus crosses
the placenta [32]. Optimization of GC dose for the best fertility outcome is an area
in which more scientific information is needed. Given that ovulatory function may
be compromised by adrenal excess and deficiency, it is reasonable to replace gluco-
corticoids at the lowest physiologic replacement dose required to avoid symptoms
or signs of adrenal insufficiency [33] such as weight loss, fatigue, decreased appe-
tite, nausea, hypotension, and hyponatremia. For women with hypopituitarism who
have been clinically well on a physiologic replacement regimen, dose changes may
not be needed when trying to conceive or undergoing fertility therapy. However, the
preparation may be switched in anticipation of pregnancy. Hydrocortisone was used
in this case since it is the preferred choice during pregnancy, as it does not cross the
placenta [19]. In patients taking DHEA, these supplements should be stopped before
fertility attempts due to dose variability, lack of known safety after conception, and
the potential for the androgen interference with ovulation. A meta-analysis sug-
gested that DHEA improved pregnancy rates in women who had previously had
poor IVF outcome for any reason [34], but neither safety nor use in hypopituitarism
has been prospectively evaluated.

The increased stress of surgery under anesthesia demands stress dose GC replace-
ment for patients [35], and, therefore, in women with central hypopituitarism under-
going egg retrieval, stress dose steroids will be needed. GC dose increases should
not generally be required during fertility treatment and during embryo transfer or
hysteroscopy, unless anesthesia is required.

For women with demonstrated GH deficiency, if GH replacement is started dur-
ing fertility treatment to improve the follicular response to gonadotropins, a contro-
versial intervention but one utilized in some centers, it is prudent to consider that the
addition of GH may prompt a need for the increase in GC dose since GH suppresses
the conversion of cortisone to cortisol via its inhibitory effect on the enzyme
11-B-hydroxysteroid dehydrogenase type 1 [33, 36].

Hypothalamic-Pituitary-Thyroid Axis

In the patient case described above, central hypothyroidism was treated with thyroid
hormone to keep the patient clinically and biochemically euthyroid. In preparation
for pregnancy and, to optimize fertility, the thyroid hormone dose was adjusted to
keep free T4 in the upper normal range. TSH is not useful in this setting. Reducing
thyroid hormone replacement based on a low TSH alone is inappropriate and may
result in hypothyroidism with a negative impact on reproductive function. Thyroid
testing must be interpreted differently amidst a stimulated cycle in which very high
estrogen levels will increase TBG, similar to pregnancy when the total T4 will be
higher due to increased TBG. TSH will be lower in the first trimester due to the
thyrotropic effect of human chorionic gonadotropin (HCG) [37]. Some free T4
assays may be unreliable during pregnancy [38]. Free T4 by equilibrium dialysis,
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and other techniques such as liquid chromatography/tandem mass spectrometry
(LC/MS/MS) may have more reliability in pregnancy than automated immunoas-
says for free T4 but also may have less availability, be more expensive, and take
longer for results when monitoring during pregnancy [39]. Typically, a 25-30%
dose increase is needed during pregnancy in women with hypothyroidism on
replacement, but there is limited data on those with central hypothyroidism [3, 39].

Hypothalamic-Pituitary-Gonadal (HPG) Axis

For hypogonadotropic hypogonadism, either ovulation induction or IVF may be
successful in patients, such as the patient described, who demonstrated sufficient
ovarian reserve [3, 4]. Low-dose HMG treatment was used to avoid ovarian stimula-
tion that may occur in patients like this with sufficient ovarian reserve but suppres-
sion due to pre-existing chronic hypogonadotropic hypogonadism.

Hypothalamic-Pituitary-Growth Hormone (HPGH) Axis

In patients with known GH deficiency, GH replacement may improve oocyte qual-
ity, ovarian responsiveness, and uterine size and yield during assisted reproduction.
However, the safety and efficacy of GH in achieving fertility remains unclear, and
GH is not approved for use during pregnancy due to the absence of randomized
control trials or registries [40].

Conclusion

1. All pituitary axes should be evaluated before fertility therapy in patients with
pituitary tumors, and hormone excess should be treated.

2. In patients with persistent pituitary lesions >1 cm, a baseline visual field exam
should be obtained preconception and monitored at least every trimester.

3. The use of oral estrogen may affect thyroid and adrenal testing due to the increase
in TBG and CBG, respectively.

4. Radiation therapy can be used in patients with functioning tumors who fail to
achieve surgical remission and wish to conceive but may be associated with
hypopituitarism.

5. In central hypothyroidism, the free T4 level should be optimized in the upper
normal range before and during fertility therapy, and TSH is not the appropriate
metric to use.

6. Cortisol insufficiency should be optimized prior to fertility treatment, including
the use of the lowest physiologic replacement needed to avoid symptoms or
signs of adrenal excess or deficiency. Stress doses are needed for reproductive
procedures which require general anesthesia.
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7. In GH-deficient states, GH replacement may improve oocyte quality and yield
during assisted reproduction, but GH does not have regulatory approval for use
during pregnancy.
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Ovulation, Pregnancy, and Delivery
in the Female Patient with Hypopituitarism

Check for
updates

Alyssa Dominguez, Rachel Danis, and John D. Carmichael

Case Presentation

A 21-year-old female presents to your clinic with a history of a craniopharyngioma,
resected at age 7. She subsequently developed panhypopituitarism and was treated
with full hormonal replacement, including recombinant growth hormone, and she
experienced pubertal development and attained a normal, expected height. After
reaching her final height, she was continued with hormonal replacement as an adult:

1. Adrenal insufficiency with hydrocortisone 10 mg in the morning and 5 mg in the
afternoon.

2. Hypothyroidism with levothyroxine 88 ug daily

3. Gonadal hormone replacement with oral contraceptive pill containing ethinyl
estradiol 30 ug and levonorgestrel 0.15 mg daily

4. Growth hormone replacement with somatropin 0.4 mg subcutaneously daily

5. Desmopressin acetate 0.1 mg twice per day
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Recent laboratory values show normal serum chemistry with a free thyroxine
(T4) of 1.50 ng/dL (normal 0.93—1.70) and an insulin-like growth factor (IGF)-1 of
139 ng/mL (normal 108-548) with a Z-score of — 1.5. Recent MRI shows no resid-
ual or recurrent craniopharyngioma.

The patient would like to become pregnant, and she presents to discuss ovulation
induction. She is overall in good health and has been having regular menstrual
periods while on the estrogen and progestin-containing contraceptive.

Ovulation Induction

Role of Gonadotropins

Patients with panhypopituitarism are unable to make gonadotropins, follicle-
stimulating hormone (FSH), and luteinizing hormone (LH). Combined estrogen-
progesterone therapy is recommended in premenopausal women, as hormone
replacement and to prevent early bone density loss or fracture. In the setting of the
desire for pregnancy, women must refrain from taking hormonal contraceptives.
The challenge then becomes how to stimulate folliculogenesis and ovulation induc-
tion in the absence of endogenous gonadotropin hormones [1].

Both FSH and LH are needed to induce ovulation in cases of hypogonadotropic
hypogonadism. While initiation of follicular growth from the primordial follicle
stage is gonadotropin independent, this growth is limited and rapidly followed by
follicular atresia [2]. Once the follicle enlarges and progresses to the preantral stage,
there exists a multilayer of granulosa cells, which contain FSH receptors and the
ability to produce estrogen. Both estrogen and FSH have a synergistic effect on the
follicle’s concentration of FSH receptors, production of follicular fluid, and transi-
tion to the antral stage of follicular development [2].

In the mid-follicular phase, once theca cells are present, LH has more of an
active role in oocyte development and maturation. LH regulates the entry of choles-
terol into theca cells, which serves as the backbone for steroidogenesis and ulti-
mately leads to increased androgen production in the theca cell. Androgens then
serve as the substrate for estrogen synthesis in the granulosa cell. This process pro-
motes growth of the dominant follicle for impending ovulation while simultane-
ously suppressing growth of smaller follicles. The final steps prior to ovulation
include granulosa cells generating LH receptors, so the follicle can respond to the
ovulatory LH surge [2].

Oral agents, specifically clomiphene citrate (CC) and letrozole, depend on a
functional pituitary gland in order to induce ovulation and stimulate the ovary in
cases of ovulatory dysfunction and unexplained infertility, respectively [1]. CC is a
nonsteroidal estrogen antagonist, consisting of a racemic mixture of two stereoiso-
mers. It antagonizes estradiol receptors at the level of the pituitary, thereby blocking
one’s natural negative feedback system, in order to increase secretion of FSH [3].
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Letrozole is an aromatase inhibitor, blocking conversion of androgens to estrogens.
In the ovary, this translates into testosterone not being converted to estradiol,
decreasing negative feedback on the pituitary gland, and resulting in increased
secretion of gonadotropins to stimulate folliculogenesis [3].

If the pituitary gland is either non-functional or if it is not receiving signaling
from the hypothalamus, it will not respond to the abovementioned ovulation induc-
tion agents. In cases of hypogonadotropic hypogonadism, like in the case presented,
exogenous gonadotropins must be used in order to mimic the natural hormones in
the follicular phase of the menstrual cycle (Figs. 13.1 and 13.2) [3-6].

With the use of exogenous gonadotropins, successful pregnancies have been
attained in patients with isolated hypogonadotropic hypogonadism [1, 3-5]. In
1938, the ability to induce ovulation via exogenous gonadotropins from purified
pregnant mare serum was discovered [3]. In the 1950s, extraction of FSH and LH
from urine of postmenopausal women led to the development of human menopausal
gonadotropin (hMG) [3, 4, 7]. Early preparations of hMG had a FSH to LH bioac-
tivity ratio of 1:1. Unfortunately, these early preparations (made from urine) were
hindered by their batch-to-batch variability and contamination with impure pro-
teins. Only <5% of proteins present were bioactive [3, 7].

With improvement in immuno-purification techniques and utilization of mono-
clonal antibodies, distinct FSH, LH, and hCG preparations were formulated [7]. By
the late 1980s, human recombinant FSH (rFSH) became the source of exogenous
FSH. In the early 2000s, recombinant LH (rLH) was introduced [3, 7-9]. Issues
with rLH include its short half-life of 1 to 3.5 hours and its low binding affinity for
the LH receptor [2, 9, 10].

To counterbalance the short half-life of rLLH, human chorionic gonadotropin
(hCG) has been used in its place during controlled ovarian stimulation (COS). hCG
is a glycoprotein hormone with similar heterodimeric structure exhibited by FSH,
LH, and thyroid-stimulating hormone (TSH). These hormones share a common
alpha-subunit with 92 amino acids but with distinct beta-subunits. However, the
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Fig. 13.2 Exogenous gonadotropins mimic the follicular phase of the normal menstrual cycle (left
panel) for monofollicular development (middle panel). If exogenous gonadotropins are adminis-
tered in the mid-follicular phase (right panel), multifollicular development occurs. Each arrow
represents a developing follicle. (With permission from Oxford University Press, Macklon et al. [6]

amino acid sequence of the beta-subunit of hCG is 85% similar to that of LH
(Fig. 13.3) [11]. Compared to LH, hCG has the same 120 amino acids, with an
additional 24 amino acids at the C-terminus with four O-glycosylation sites [11].
These glycosylation sites are what give hCG a longer half-life compared to
LH. While the half-life of LH is 1-3.5 hours, that of hCG is about 24 hours [2].
These similarities and the added benefit of a longer half-life have enabled hCG to be
used in place of LH to stimulate ovulation induction. Exogenous hCG mimics LH
both in the mid-follicular phase of the menstrual cycle and just prior to ovulation,
when a natural LH surge would occur. The latter is referred to as the “trigger,”
which occurs about 36 hours prior to follicle rupture [2, 3, 12].

A randomized, double-blind study involving 22 treatment centers over 9 coun-
tries compared the efficacy and safety profile of rLH to those of urinary hCG in
patients undergoing in vitro fertilization while also investigating the minimal effec-
tive dose of rLH to induce follicular maturation [9]. Researchers found that there
was no statistically significant difference between rLH and hCG as far as the num-
ber of oocytes retrieved. However, there was a trend toward the lower number of
oocytes, lower number of embryos, lower implantation rate, lower pregnancy rate,
and lower live birth rate in patients treated with lower doses of rLLH [9].
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Fig. 13.3 Molecular structures of luteinizing hormone (LH) and human chorionic gonadotropin
(hCG) are compared. The heterodimers share a common alpha-subunit (red ribbon) but have a
unique beta-subunit (blue ribbon), albeit with significant homology. These hormones have multiple
glycosylation sites (carbohydrate moieties in light blue), but four additional O-sites are present at
the C-terminal tail of hCG which lends it greater stability. (With permission from Springer, Esteves
and Alviggi [11])

Today, formulations with FSH alone, FSH + hCG, and hCG alone are used to
emulate natural hormones involved in the menstrual cycle to stimulate follicular
growth, follicular maturation, and ovulation induction.

Role of Thyroid Hormone

In patients with central hypothyroidism, if the dose of estrogen is changed, levothy-
roxine dosing should be adjusted to keep the free T4 within the upper half of the
normal range. Patients should be counseled that once they find out they are pregnant,
they should empirically increase their levothyroxine dose by two tablets a week [13].

Role of Growth Hormone

Endocrine Society Clinical Practice Guidelines for the evaluation and treatment of
adult growth hormone (GH) deficiency recommend offering GH replacement ther-
apy to all patients with proven GH deficiency and no contraindications [14]. The
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role of GH replacement prior to conception and during pregnancy in patients with
GH deficiency is controversial. GH replacement therapy is costly and has not been
well studied in the context of fertility in patients with hypopituitarism. Normal fer-
tility does not always require intact GH secretion, though, and interestingly, GH and
gonadotropin co-administration has been shown to improve the rate of ovulation in
women without GH deficiency [15-18].

There are GH receptors on granulosa, theca, and luteal cells. Insulin-like growth
factor 1 (IGF-1) and GH facilitate gonadotropin action on granulosa cells and assist
in follicular maturation. In patients with GH deficiency, normalization of IGF-1 has
been shown to lower the dose of gonadotropins required to stimulate ovarian
response [19]. While successful fertility does not necessarily require GH adminis-
tration in patients with panhypopituitarism, it may be beneficial in patients strug-
gling to conceive.

Impact of GH on Other Hormone Replacement Therapies

GH increases conversion of cortisol to cortisone. If a patient is not on GH prior to
conception and initiation of GH is being considered, the adrenal axis should be
tested before and after initiation of GH therapy. Additionally, estrogen increases GH
resistance, so women on oral estrogen require higher doses of GH for adequate
IGF-1 production.

In our case, with assisted reproductive techniques, the patient conceives and
returns to the clinic now 6 weeks pregnant. She feels well and is not having any
nausea, vomiting, or dizziness. She has increased her dose of levothyroxine by two
tablets a week as instructed and now asks if the doses of any of her medications
need to be changed. In particular, she would like to discuss whether she should
continue GH replacement while she is pregnant because she has read several differ-
ent opinions regarding GH replacement therapy during pregnancy.

Pregnancy

While patients with panhypopituitarism can undergo successful pregnancies, the
patient should be counseled that her pregnancy is deemed ‘“high-risk” because
women with panhypopituitarism are at increased risk of spontaneous abortion [20].
In a single center, 9 women with hypopituitarism had a total of 18 pregnancies with
a live birth rate of 61%, miscarriage rate of 28%, and uterine death rate of 11% [20].
Half of live births were at or below the tenth percentile for weight [20]. Another
study showed 31 pregnancies in 27 women with panhypopituitarism, a significant
increase in the risk for “small for gestational age” infants, transverse lie, and
Cesarean delivery [21].
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The patient should be counseled that she will require close monitoring of hor-
mone levels during pregnancy and should expect to have changes in medication
doses during pregnancy.

Glucocorticoid Replacement During Pregnancy

During pregnancy in women with normal pituitary and adrenal function, circulating
cortisol concentrations are increased two- to threefold due to increases in cortisol-
binding globulin (CBG) levels [22]. The goal of glucocorticoid replacement during
pregnancy is to meet the changing needs of the mother while not harming the fetus.
Hydrocortisone is the only glucocorticoid recommended during pregnancy as it is
degraded by placental 11-#-hydroxylase and thus does not cross into fetal circula-
tion. The suggested daily dose ranges from 12 to 15 mg/m?/day or roughly 15-20 mg
per day. There is no need to increase the daily dose during pregnancy unless signs
or symptoms of adrenal insufficiency develop. The patient should be monitored for
appropriate weight gain, postural hypertension or hypotension, and hyperglyce-
mia [22].

Thyroid Hormone Replacement During Pregnancy

Pregnancy is associated with a higher demand for levothyroxine, which is essential
for normal fetal cognitive development. The total body thyroxine pool increases by
40-50% during pregnancy to maintain a euthyroid state. Maternal hypothyroidism
during pregnancy is associated with premature birth, low birth weight, pregnancy
loss, gestational hypertension, and lower offspring intelligence quotient (IQ) [13].
Production of T4 and triiodothyronine (T3) each increases by 50% during preg-
nancy [22]. Placental production of hCG, which is structurally similar to TSH,
binds to the TSH receptor on the thyroid and gland and causes increased production
of thyroid hormone.

In women with hypopituitarism but otherwise normal thyroid function, there is
no standard thyroid hormone dose escalation. Women should be treated with levo-
thyroxine rather than combined T3/T4 or desiccated thyroid hormone (which con-
tains both T3 and T4) because delivery of T4 is crucial to the development of the
fetal brain. The fetal CNS is relatively impermeable to T3 which precludes the use
of T3 during pregnancy [13].

Thyroid hormone levels should be monitored every 4-6 weeks during the first
trimester of pregnancy. TSH levels should not be used to adjust thyroid hormone
dosing as they are unreliable in the setting of hypopituitarism. Free T4 radioimmu-
noassays may underestimate levels of circulating thyroid hormone due to increased
production of thyroxine-binding globulin during pregnancy, so the free thyroxine
index or total T4 level should be monitored. The dose of levothyroxine should be
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adjusted to maintain total T4 or the free thyroxine index in the upper half of the
normal range. Levothyroxine should be maintained at a stable dose through the
second and third trimesters of pregnancy.

Replacement of GH During Pregnancy

Replacement of GH during pregnancy is debated. GH replacement is not FDA
approved during pregnancy. There are no randomized controlled trials on the effects
of GH during pregnancy specifically in women with hypopituitarism.

In women with intact pituitary function, maternal secretion of GH continues
through mid-gestation (Fig. 13.4). The placenta also produces GH, and placental
GH peaks at 34 weeks of gestation [22]. In women with intact pituitary function,
placental GH binds to pituitary GH receptors, gradually replacing maternal pituitary
production of GH (Fig. 13.4) [22, 23].

A study of 25 women with GH deficiency who did not undergo GH replacement
during pregnancy showed that the absence of GH did not appear to be harmful to the
fetus [24]. Exogenous replacement of GH during pregnancy has been shown to not
suppress the physiologic increase in placental GH [25]. Several studies recommend
continuing prepregnancy dose of GH during the first trimester of pregnancy. If GH
is continued during the first trimester of pregnancy, the dose can be decreased by
30-50% during the second trimester of pregnancy and stopped at the third trimester,
which mimics the decrease in maternal GH production due to replacement by pla-
cental GH in women with intact pituitary function.

A prospective study of patients with hypopituitarism and GH deficiency looked
at a total of 201 pregnancies (173 pregnancies in 144 women with GH deficiency
and 28 pregnancies in partners of 25 male patients with GH deficiency) from 85
clinics in 15 countries [23]. There was no statistically significant difference in the
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number of pregnancies, gestational age, or birth weight in women who stopped GH
replacement therapy prior to pregnancy, those who continued for part of pregnancy
then stopped, and patients who continued GH therapy throughout pregnancy. There
also was no significant difference in pregnancy complications between the groups.

Patients should be counseled on the limited data supporting continuing or discon-
tinuing GH replacement during pregnancy and that it is not currently FDA approved
for this indication, though has not been shown to be harmful during pregnancy. Most
expert recommendations are to stop GH replacement after conception [22].

Management of Central Diabetes Insipidus During Pregnancy

Regarding management of diabetes insipidus during pregnancy, the vasopressin
analogue desmopressin (also called DDAVP for 1-deamino-8-D-arginine) can be
safely continued during pregnancy. In patients with normal pituitary function, vaso-
pressin release from the posterior pituitary is stimulated by increased plasma osmo-
lality, decreased circulating volume, nausea, vomiting, stress, hypoxia, and exercise.
The release of vasopressin is inhibited by reduced plasma osmolality, increased
plasma volume, alcohol, and opiates.

During pregnancy there is a reduced threshold for thirst, with increased thirst at
a lower serum osmolality and lower serum sodium concentration compared to the
non-pregnant state. These effects may be mediated by hCG. Maternal urine output
increases during pregnancy. This constellation of changes results in increased thirst,
urination, and water retention. Biochemically, there is a decreased plasma sodium
concentration and decreased plasma osmolality.

Placental vasopressinase increases in activity between the fourth and 38th weeks
of gestation [26]. Multi-fetus pregnancies produce higher levels of placental vaso-
pressinase. Patients with intact pituitary production of vasopressin are able to com-
pensate with increased production. Patients without adequate production of
vasopressin prior to pregnancy may need to have their dose of DDAVP increased
during pregnancy. In patients without clinically apparent diabetes insipidus prior to
pregnancy, the increased demand for vasopressin due to placental vasopressinase
may unmask a milder form of diabetes insipidus which may require treatment dur-
ing pregnancy.

DDAVP formulations include intranasal, oral, and parenteral forms. The pre-
ferred method of delivery for DDAVP is intranasally, with a starting dose of 10 mcg
at night to prevent nocturia. A morning dose of DDAVP can be added based on clini-
cal response. The need for an increased dose of DDAVP can be monitored clinically
by symptoms of polyuria and polydipsia or biochemically through measurement of
serum osmolality and sodium levels. The dose of desmopressin should be increased
as needed throughout pregnancy.

Our patient continues to feel well throughout pregnancy and does not require an
increase in her hydrocortisone dose. Her dose of levothyroxine is increased from 88
to 100 mcg daily during the first trimester of pregnancy and maintained at that dose
throughout the remainder of her pregnancy. DDAVP is changed to 10 mcg intranasal
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twice daily. She elects to continue GH replacement through the first trimester of
pregnancy and stops at the second trimester.

As the patient nears her due date, the obstetrics team asks for recommendations
regarding adjustments to current medications at the time of labor and delivery. The
patient is planning for a vaginal delivery but is aware of the high likelihood that she
will need to undergo Caesarean section.

Labor and Delivery

Glucocorticoid Replacement During Labor and Delivery

Labor, delivery, and Cesarean section are all physiologically stressful scenarios
requiring stress-dosing of glucocorticoids. For vaginal delivery, 50 mg of hydrocor-
tisone should be given intravenously at the second stage of labor (cervix dilation
>4 cm and/or contractions every 5 minutes for the last hour). Patients undergoing
Cesarean section should receive 50-100 mg hydrocortisone intravenously preopera-
tively and postoperatively every 8 hours as needed [22].

Treatment of Diabetes Insipidus During Labor and Delivery

In both vaginal delivery and Cesarean section, desmopressin dosing should be
adjusted based on fluid requirements. Care should be taken to avoid over-treatment
resulting in hyponatremia and free water retention, and the patient should be
assessed clinically for signs of dehydration and excessive thirst, thus optimizing the
need for treatment of diabetes insipidus.

The patient undergoes Caesarean section and delivers a baby girl at 37 weeks of
gestation. The baby is born at a slightly low birth weight but is otherwise healthy.

The patient is given 100 mg of hydrocortisone preoperatively and every 8 hours
following surgery. The patient does not have nausea, vomiting, or hypotension, and
the hydrocortisone is tapered back to the patient’s home dose over the next sev-
eral days.

The patient asks if she should return to her prepregnancy doses of medications
and re-start GH therapy now that she has given birth.

Postpartum

Postpartum, glucocorticoid dosing can return to prepregnancy dosing within a few
days provided the mother has no complications. All other medications including
thyroid hormone replacement, GH replacement, and desmopressin can also return
to prepregnancy doses.
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Conclusion

Advanced reproductive technologies enable female patients with hypopituitarism,
and especially hypogonadism, to conceive. The preconception and gestational man-
agement of hormonal replacement in the female patient with hypopituitarism is
complex. Hormone levels should be optimized prior to conception. Also, due to the
fluctuations in endogenous hormones and binding protein, hormone replacement
medications require judicious adjustment throughout pregnancy for optimal mater-
nal and fetal outcomes.
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Chapter 14
Management of the Patient
with Acromegaly During Pregnancy

Milica Perosevic and Nicholas A. Tritos

Case Presentation

A previously healthy 32-year-old woman presents to the clinic with daily frontal
headache over the previous 4 weeks. She had obtained little relief from acetamino-
phen or ibuprofen. On review of systems, she also reported gaining 20 1bs. and
endorsed diffuse arthralgias, sweating occurring at rest, and increase in ring and
shoe size (from 8 to 9) over the previous year. Her husband had noted that she had
been snoring on many occasions. She was previously taking an oral contraceptive
until 3 months before. At that time, she stopped it in order to try to conceive but
noted no menses thereafter. She was taking no other medications. There was no
family history of pituitary disease. On examination, she was normotensive and of
normal weight (body mass index, 23.5 kg/m?). Her nose and cheeks appeared dis-
proportionately enlarged. Mild prognathism was noted. The thyroid was symmetric
on palpation without nodules. Visual fields were intact on confrontation testing. Her
hands and feet appeared to be disproportionately enlarged with soft tissue edema.
Laboratory tests were remarkable for the following: insulin-like growth factor I
(IGF-I) 1022 pg/L (normal, 53-331), random growth hormone (GH) 148 pg/L, pro-
lactin 48.6 pg/L (normal, 0-20), TSH 1.5 mIU/L (normal, 0.5-5.0), free T4 1.1 ng/
dL (normal, 0.9-1.8), FSH 2.6 IU/L (normal, 1-18), and estradiol 29 pg/mL (nor-
mal, 20-440). Her peak cortisol response to cosyntropin (250 mcg) stimulation was
21.9 pg/dL (normal, >18). A brain MRI examination showed a 3.9 cm by 2.9 cm by
2.4 cm sellar mass, consistent with macroadenoma, which appeared to be involving
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Fig. 14.1 Coronal
T1-weighted MR image of
the sella, showing a
macroadenoma with
extension into the right
cavernous sinus and
impingement on the optic
chiasm

the right cavernous sinus and was impinging on the optic chiasm (Fig. 14.1). Formal
visual field testing was unrevealing.

She underwent transsphenoidal pituitary surgery to resect the sellar mass.
Pathologic examination was consistent with an adenoma, which was positive for
GH on immunohistochemistry. Postoperatively, she noted transient improvement
in headache frequency and severity. She also noted resolution of snoring, arthral-
gias, and sweating. She lost 15 Ibs. within several months. She remained
amenorrheic.

Three months postoperatively, laboratory tests showed the following: IGF-I
792 pg/L (normal, 53-331) and prolactin 3.0 pg/L (normal, 0-20). During a 75-g
oral glucose tolerance test, her GH level reached a nadir level of 3.0 pg/L (normal,
nadir GH <1 pg/L). Her adrenal and thyroid function remained intact. There was no
clinical or laboratory evidence of diabetes insipidus. A brain MRI examination
showed residual tumor in the right cavernous sinus.

She declined radiotherapy and started treatment with octreotide long-acting
release (LAR), which was titrated up to 30 mg intramuscularly every 4 weeks. She
also started taking an oral contraceptive. On this therapy, laboratory tests showed
normal serum IGF-I of 297 pg/L (normal, 53-331). She underwent screening colo-
noscopy to resect three benign colon polyps. An echocardiogram showed no
abnormalities.

She consulted with a reproductive endocrinologist and a maternal fetal medicine
specialist. After receiving preconception counseling, she stopped octreotide LAR
and started pegvisomant, titrated up to 20 mg subcutaneously daily. She underwent
ovulation induction using recombinant follicle-stimulating hormone (rFSH) and
human chorionic gonadotropin (hCG) with timed intercourse but did not conceive.
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On pegvisomant therapy, she noted a significant increase in headache frequency
and severity despite maintaining normal serum IGF-I of 279 pg/L (normal, 53-331)
and no tumor progression on MRI. Subsequently, she discontinued pegvisomant
and started short-acting octreotide acetate 300 pg subcutaneously three times per
day and cabergoline (2.0 mg total orally per week). Her headache improved signifi-
cantly on this regimen, and her serum IGF-I level remained normal at IGF-I
292 pg/L.

She underwent ovulation induction using human menopausal gonadotropins and
hCG with intrauterine insemination and conceived. She stopped cabergoline and
octreotide acetate when a positive pregnancy test was obtained. She remained rela-
tively asymptomatic during pregnancy and experienced only mild, occasional head-
aches. She did not develop gestational diabetes or hypertension during pregnancy.
Of note, serum IGF-I levels remained normal, ranging between 218 and 326 pg/L
during pregnancy (normal range for non-pregnant patients, 53-331). She delivered
a healthy baby boy at term. Postpartum, she was unable to nurse. She then resumed
taking octreotide LAR 30 mg IM every 4 weeks as well as an oral contraceptive. Her
serum IGF-I level was normal on this regimen at 194 pg/L. Her headaches remained
well-controlled. A brain MRI examination showed stable residual tumor in the right
cavernous sinus.

Pathophysiology

In healthy individuals, GH is released from somatotroph cells in the anterior pitu-
itary gland under the positive effects of GH-releasing hormone (GHRH) and ghrelin
and the inhibitory action of somatostatin. The secretion of GH is stimulated by
exercise, physiologic stress, or sleep and is inhibited by glucose and free fatty acids.
In turn, GH leads to IGF-I expression in the liver and other tissues, causing growth
and anabolic effects on the bone, cartilage, and muscle [1].

Acromegaly is associated with infertility because of diverse mechanisms, includ-
ing gonadotroph dysfunction caused by the tumor mass, pituitary surgery, and radio-
therapy; hyperprolactinemia caused by prolactin co-secretion or stalk effect; and
hyperandrogenism [1]. Women with acromegaly often experience oligomenorrhea
or amenorrhea, as was the case in our patient. As a consequence, ovulation induction
may often be required in women with acromegaly who are planning to conceive.

Several changes in pituitary structure and function normally occur during healthy
pregnancy, including changes in GH secretion and action (Fig. 14.2) [2]. The pla-
centa secretes estrogen, which suppresses GH action by inhibiting JAK/STAT sig-
naling pathways, thereby blunting IGF-I levels in early pregnancy [3]. Of note,
maternal GH originating from the pituitary gland cannot cross the placenta into the
fetal circulation [4, 5]. Starting in the second trimester, the placental syncytiotro-
phoblast secretes a GH variant (placental GH) in increasing amounts as the preg-
nancy progresses [2, 6]. This leads to a progressive increase in serum IGF-I levels
above pregestational levels during late pregnancy and likely results in suppression
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Fig. 14.2 Growth hormone and IGF-I secretion in healthy women and in women with acromegaly
during pregnancy. In healthy women (left panel), secretion of a GH variant from the placenta likely
leads to suppression of pituitary GH secretion via feedback inhibition. In contrast, among women
with acromegaly (right panel), autonomous secretion of GH from the pituitary adenoma persists
despite the secretion of a GH variant from the placenta (Abbreviations: GH growth hormone,
GH-V growth hormone variant, IGF-I insulin-like growth factor I)

of GH secretion from anterior somatotrophs in healthy women [2]. Placental GH
becomes the primary stimulus for IGF-I secretion, and maternal serum IGF-I levels
rise from mid-gestation onward and reach a peak around the 37th week of gestation.
By the end of a healthy pregnancy, serum IGF-I levels can reach up to three times
higher than prepregnancy levels. Due to negative feedback exerted by IGF-I (driven
by placental GH), the secretion of pituitary GH of maternal origin remains sup-
pressed during the second half of a normal pregnancy. Of note, commercially avail-
able immunoassays do not distinguish between pituitary GH and placental GH. As
a corollary, serum GH and IGF-I levels should not be monitored in uneventful preg-
nancies [1, 7].

In women with acromegaly who are pregnant, tumorous pituitary somatotrophs
continue to secrete GH autonomously despite the secretion of a GH variant from the
placenta peaking in the latter half of pregnancy (Fig. 14.2). Both pituitary GH of
tumorous origin and placental GH drive secretion of IGF-I from the liver in these
patients [8]. However, hepatic GH action is also blunted in these pregnant patients
because of the high estrogen levels secreted from the placenta [6]. Indeed, SOCS-2
is induced by estrogen and inhibits GH action, leading to blunting of circulating
IGF-I levels [2, 3, 9]. Of note, oral estrogen was previously used as a treatment of
acromegaly in non-pregnant women. Indeed, women with acromegaly may not
experience symptoms associated with GH excess during pregnancy [10]. These
women may show a decrease in serum IGF-I levels during early pregnancy in com-
parison with pregestational levels despite lack of specific treatment [8, 11].
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There is an increased risk of gestational diabetes mellitus, hypertension, and
preeclampsia in women with active acromegaly [5, 8, 11]. The risk of symptomatic
tumor growth appears to be low in women with acromegaly during gestation but has
been reported in six patients [10, 12—16]. Baseline tumor size before gestation
appears to be a predictor of mass effect developing during pregnancy. In a large
study of 27 patients with acromegaly, pituitary MRI, obtained postpartum, showed
a stable size of the pituitary adenoma in 22 patients, increased size in 3 patients, and
decreased size in 2 patients [8].

Placental GH levels decrease within 24 hours after delivery, so GH levels
obtained a few weeks after delivery are likely to represent maternal pituitary GH
secretion. On the other hand, due to the longer half-life of IGF-I, its levels should be
checked 3 months postpartum (sooner if there is clinical evidence of disease pro-
gression) [17].

Diagnostic Testing and Monitoring

Making the diagnosis of acromegaly can be difficult during pregnancy [15, 18].
Some of the signs associated with acromegaly, such as fluid retention, may mimic
those in healthy women during pregnancy. As noted above, GH assays in common
use do not distinguish between GH of pituitary and placental origin [6]. There is
also lack of GH suppression on oral glucose tolerance testing during pregnancy
(including both pituitary GH and placental GH). As serum IGF-I levels do not nor-
mally rise during the first trimester above prepregnancy levels, elevated serum IGF-I
before mid-gestation may suggest the diagnosis of acromegaly [1, 5]. On the other
hand, as serum IGF-I levels rise above pregestational levels during the latter half of
gestation in healthy pregnancies, there is a need for pregnancy-specific normative
IGF-I data. However, adequately validated, pregnancy-specific IGF-I normal data
currently are not available.

In the absence of alarming symptoms, such as severe headache of acute onset or
vision loss, it is generally prudent to defer testing for acromegaly until after delivery
[19]. Pituitary imaging (obtained by non-contrast MRI of the sella) is best reserved
for patients with suspicion of mass effect, such as vision loss, ophthalmoplegia,
ptosis, severe or unremitting headache, or suspected pituitary apoplexy.

Monitoring of pregnant women with known acromegaly includes careful history
and physical examination for evaluation of symptoms and signs associated with
acromegaly, including headache, arthralgias, edema, and excessive perspiration. In
addition, evaluation for possible mass effect is important, including formal visual
field testing (using perimetry) for patients with macroadenomas close to the optic
chiasm or nerves. Given that the size of the pituitary adenoma at baseline is a pre-
dictor of mass effect developing during pregnancy, patients with microadenomas
may be followed every 3 months, whereas those with macroadenomas should be
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seen more often, even monthly [20]. Evaluation for hypertension, preeclampsia, and
gestational diabetes mellitus is essential. Serum IGF-I levels should be interpreted
in relation to patient presentation, recognizing that serum IGF-I levels progressively
rise during healthy gestation and may exceed the prepregnancy reference range.
Routine pituitary imaging is generally not advisable during pregnancy. However,
patients with evidence of mass effect, including those with abnormal visual fields on
perimetry, may undergo limited imaging of the sella by MRI (without intravenous
contrast).

Management

Definitive treatment for acromegaly (pituitary surgery and/or radiation therapy)
should be ideally completed before pregnancy. In patients with macroadenomas,
there is an increased risk of mass effect developing during gestation if surgery is not
performed before conception [21].

Patient counseling is essential during the preconception setting. Patients with
pre-existing hypertension and glucose intolerance should achieve tight control prior
to conception, using medications that can be safely continued during pregnancy
[17]. Women with acromegaly may require ovulation induction to conceive.

Medical therapies for acromegaly include somatostatin receptor ligands (octreo-
tide, lanreotide, pasireotide), dopamine agonists (cabergoline), and GH receptor
antagonists (pegvisomant). These medical therapies often need to be either modified
or discontinued during preconception and pregnancy (Table 14.1). Indeed, soma-
tostatin receptors are widely expressed in the fetus. In addition, somatostatin recep-
tor ligands cross the placenta and may lead to decreased uterine artery blood flow
and intrauterine growth retardation in some cases [4]. However, this appears to be
rare, as placental somatostatin receptors are type 4 (SST4) and somatostatin recep-
tor ligands have low affinity toward SST4. In a small study, including six children
born to women with acromegaly who were taking somatostatin receptor ligands
until the pregnancy was confirmed, there was no difference, in general, with regard
to the health status of newborns, nor height, weight, or IQ scores later in childhood
[22]. However, studies of large size and long-term follow-up are lacking.
Pegvisomant does not appear to significantly cross the placenta [23]. There is mini-
mal presence of pegvisomant in cord blood of fetuses whose mothers were treated
with this GH receptor antagonist, indicating poor placental transmission [17].
Animal studies showed no teratogenic effects associated with pegvisomant admin-
istration. Limited data from 35 human pregnancies exposed to this agent, including
3 patients with pegvisomant use throughout gestation, did not suggest evidence of
harm to the fetus as a consequence of pegvisomant therapy [24]. Newborns have
been followed for up to 6 months without evidence of growth retardation; however,
due to limited data, it is recommended that women stop pegvisomant therapy once
pregnancy is confirmed [17]. Cabergoline has not been associated with fetal or preg-
nancy-related harm during preconception or gestation; however, available data
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Table 14.1 Treatment options of acromegaly in pregnancy

183

Preconception During pregnancy Postpartum and
breastfeeding

Transsphenoidal Yes Surgery is considered for Yes
pituitary surgery symptoms of mass effect

(e.g. vision loss or pituitary

apoplexy), preferably in the

2 trimester
Somatostatin Long-acting SRLs should be | Medication can be initiated if Unknown®
receptor ligands stopped 2-3 months prior to | significant symptoms occur?
(SRLs) planned pregnancy
Octreotide
Lanreotde Short-acting SRLs should be

asireotice stopped once pregnancy is
confirmed

Dopamine agonist | Should be stopped once Medication can be initiated if No
Cabergoline pregnancy is confirmed significant symptoms occur?
GH receptor Should be stopped once Medication can be initiated if Unknown®
antagonist pregnancy is confirmed significant symptoms occur?
Pegvisomant
Radiotherapy Yes No (contraindicated) Yes

“Patient counseling and careful maternal and fetal monitoring are advised
"Unknown safety to neonates of lactating mothers

mainly pertain to women with hyperprolactinemia who were treated with cabergo-
line in the preconception setting [25]. There are very limited data on women treated
with cabergoline during pregnancy but have not shown evidence of fetal or preg-
nancy-related harm [25].

Patients with mild or no symptoms are advised to come off medical therapy
before attempting conception. It is advisable to stop long-acting somatostatin recep-
tor ligands at least 2-3 months prior to a planned pregnancy to minimize fetal expo-
sure once pregnancy is established. During preconception, patients who require
medical therapy for symptom control may be switched from long-acting somatosta-
tin receptor ligands to short-acting formulations (octreotide acetate), cabergoline or
pegvisomant, as was the case in our patient. These drugs are generally discontinued
when a positive pregnancy test is obtained [7, 20]. Patients who are taken off medi-
cal treatment should be monitored clinically for evidence of possible mass effect
arising as a consequence of tumor growth following withdrawal of therapy. Fetal
growth can be monitored by serial obstetric ultrasound examinations, particularly
among women who received long-acting somatostatin receptor ligands during pre-
conception [12].

During pregnancy, elective pituitary surgery should be deferred. In rare cases,
transsphenoidal pituitary surgery may be required to alleviate mass effect, including
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vision loss or pituitary apoplexy [13, 14]. Any surgical procedure during pregnancy
is associated with some risk of spontaneous abortion; therefore, it is recommended
that elective procedures should be deferred during pregnancy [26]. Radiation ther-
apy is contraindicated during pregnancy.

Medical therapy for acromegaly is generally deferred during gestation but can be
initiated for women with significant symptoms, such as debilitating headache. In
these patients, cabergoline, pegvisomant, or short-acting somatostatin receptor
ligands can be tried with careful maternal and fetal monitoring and patient counsel-
ing [16, 27]. It should be recognized, however, that experience with all medical
therapies is limited during gestation and no medication is specifically labeled for
use during pregnancy.

Women with acromegaly who have hypopituitarism generally require dose
adjustments in several replacement therapies, including hydrocortisone, levothyrox-
ine, and desmopressin. Women with hypoadrenalism should receive stress-dose glu-
cocorticoid coverage during labor and delivery [28].

Medical therapy of acromegaly can be challenging in mothers who are nursing.
Dopamine agonists will generally inhibit lactation. Some somatostatin receptor
ligands are secreted into breast milk, while pegvisomant secretion appears to be
minimal; however, possible risks to newborn development cannot be entirely ruled
out with either agent. There is no evidence that lactation per se is harmful to women
with acromegaly. However, the safety of medical therapy for acromegaly in women
who are nursing has not been adequately established with regard to neonatal out-
comes [17].

In summary, women with acromegaly generally do well during pregnancy, and
the outcome for their fetuses is usually favorable [8, 12, 29, 30]. However, there is
a higher risk of gestational diabetes mellitus, hypertension, and preeclampsia in
these women, who require careful monitoring for these conditions [8]. Other comor-
bidities associated with acromegaly, such as sleep apnea or compression neuropa-
thies, have not been reported during pregnancy [1, 17]. Specific treatments for
acromegaly are often deferred during pregnancy; however, surgery and medical
therapies can be used in women with evidence of mass effect in the sella or signifi-
cant symptoms.
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Case Presentation

A new patient who is pregnant at 6 weeks of gestation and is taking cabergoline for
a prolactinoma is referred to you by her primary care physician. She was initially
diagnosed with a macroprolactinoma 3 years prior. The tumor measured 1.5 cm,
and prolactin was 437 ng/ml (4.8-23.3 ng/mL). She also had visual field testing at
that time which was normal. She was started on cabergoline 0.25 mg twice per week
which was increased to 0.5 mg twice per week, and she has been maintained on that
dose with a prolactin of 10 ng/ml 5 months prior to the visit. The last MRI was
5 months ago at which time the tumor was 0.9 cm by 0.8 cm in the left and central
sella with suprasellar extension and no cavernous sinus invasion. The distance
between the upper edge of the tumor and optic chiasm was 3 mm. The patient had
moved and was lost to follow-up, and cabergoline was refilled by her primary care
provider. The patient asks for a prolactin level to ensure she is optimized for her
pregnancy.
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Pathophysiology

Traditionally, prolactin has been discussed in relation to lactation in women and
later the impact on reproduction. Hyperprolactinemia commonly presents with
symptoms of galactorrhea and oligo-/amenorrhea in 75% of patients presenting
with these symptoms. In some cases, the first presenting symptom of hyperprolac-
tinemia can be infertility with work-up demonstrating suppressed gonadotropins
and anovulation. Amenorrhea and infertility are a result of prolactin suppression of
gonadotropin-releasing hormone (GnRH) with a subsequent decrease in pulsatile
secretion of luteinizing hormone (LH) with shortening of luteal phase of the men-
strual cycle [1]. Additionally, hyperprolactinemia has been demonstrated to cause
loss of positive estrogen feedback on gonadotropin secretion at mid-cycle. Prolactin
also exerts a direct effect on ovarian granulosa cells involved in progesterone pro-
duction [2]. At low levels (<20 ng/mL), prolactin augments in vitro expression of
type II 3B-hydroxysteroid dehydrogenase which carries out the final step in proges-
terone synthesis [3]. However, at higher concentrations, prolactin exerts an inhibi-
tory effect on progesterone synthesis. Prolactin also results in decreased estrogen
production by antagonizing the stimulatory effect of follicle-stimulating hormone
(FSH) on aromatase [1, 4, 7].

The pituitary lactogenic hormone prolactin and placental lactogen are responsi-
ble for several physiologic actions that occur during pregnancy especially in gonadal
function, mammary development, and lactation. Estrogen is known to have a
stimulating effect on prolactin secretion [3]. As a result, the high estrogen state of
pregnancy stimulates proliferation of pituitary lactotroph cells. At 6-8 weeks of
gestation, maternal prolactin secretion rises gradually until term [8]. In fetal
circulation, prolactin begins to rise at approximately 10 weeks, reaches a steady
level, and then rapidly increases at 30 weeks until term [8]. Prolactin levels during
normal pregnancy range from 6 ng/mL during early pregnancy to a mean of 212 ng/
mL at 34 weeks [5]. Despite the elevated levels of prolactin, the initiation of lactation
remains inhibited during pregnancy due to the high levels of estrogen and
progesterone until the postpartum period [6].

Hyperprolactinemia has a prevalence ranging from 0.4% in a normal adult popu-
lation to 9-17% in women with reproductive disorders. The differential diagnosis
for hyperprolactinemia includes many different causes but can generally be catego-
rized into physiological, pathological, pharmacological, or idiopathic origin.
Although a prolactin-producing tumor is the most common cause for hyperprolac-
tinemia, it is the culprit in about 50%, and other potential causes need to be ruled
out [6] (see also Chap. 9). Prolactinomas can be characterized into two groups
according to size: Microadenomas are smaller than 1.0 cm and are more common in
premenopausal women; macroadenomas are 1.0 cm or larger and are more common
in men and postmenopausal women [9].

A woman who is found to have a prolactinoma and is started on dopamine ago-
nist (DA) with subsequent normalization of prolactin levels often experiences return
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of ovulation and fertility [1]. Therefore, the provider must keep in mind a pregnancy
may occur shortly after initiating therapy and advise the patient.

An increased stimulatory effect of estrogen during pregnancy results in global
pituitary hyperplasia; lactotroph number can increase by 40% in pregnancy. MRI
scans demonstrate a growth in pituitary volume beginning in the second month of
pregnancy and peaking the first week after delivery [1, 10]. Furthermore, pituitary
weight increases by approximately one-third during pregnancy with an increase in
size by 2.6 mm in all three dimensions [11]. As approximately 60-80% of prolacti-
nomas express estrogen receptors [12], there is further concern for tumor growth
from estrogen stimulation. An increase in tumor volume during pregnancy can
result in mass effect and visual loss [13]. The risk of tumor growth in microadeno-
mas is low (~3%), while tumor enlargement occurs in 23-31% of macroadenomas
that have not undergone surgery and in 4.8% of the macroprolactinomas that were
previously radiated [1, 14]. Macroadenomas demonstrate a median increase in size
of 3.0 mm, while microadenomas have a median increase of 0.5 mm during gesta-
tion [15].

Diagnostic Testing, Monitoring, and Management

Reassurance is recommended so that the patient does not focus on the prolactin
levels during pregnancy. Because prolactin will physiologically increase during
pregnancy, it does not reliably reflect tumor growth and therefore is not a useful
clinical tool. Baseline formal visual field testing should be performed at the time of
tumor diagnosis if the tumor touches the optic chiasm. The decision of when and
how often to obtain formal visual field testing should not be based solely on tumor
size (microprolactinoma versus macroprolactinoma), as it is very important to con-
sider the location of the tumor and its distance from the optic chiasm. Tumors
located further away from the optic chiasm may be followed clinically every
2-3 months during pregnancy with no need for serial formal visual field testing dur-
ing pregnancy. Patients with tumors at greater proximity to the optic chiasm should
have formal visual field testing at each trimester [11]. In order to document baseline
tumor size and distance from the optic chiasm, magnetic resonance imaging (MRI)
should be performed before conception. During pregnancy, if necessary, MRI
without contrast should be performed if the patient has progression of headache
symptoms or if there is a change in the visual fields or neurologic exam [11, 14].
In women with a tumor pressing on or in very close proximity to the optic chi-
asm, and who are seeking pregnancy in the near future, consideration of surgical
resection is recommended with the goal of debulking if total resection is not possi-
ble. Initial medical therapy is reasonable, but plans for fertility should be delayed
until appropriate tumor shrinkage is documented with imaging, to a degree that the
expected pituitary expansion during pregnancy does not threaten the optic chiasm.
Women who do not experience tumor shrinkage with DA therapy or who experience
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side effects that necessitate the discontinuation of the medication should be referred
for surgical resection prior to attempting pregnancy. If a patient declines surgery,
then DA therapy should be continued during pregnancy [14].

Another concern during pregnancy, especially for patients with macroprolactino-
mas, is pituitary apoplexy. Pituitary apoplexy usually happens in an underlying
lesion, and the risk of occurrence is correlated with the size of the tumor. This emer-
gency condition is defined as the sudden destruction of pituitary tissue resulting
from infarction or hemorrhage into the pituitary. The increased size of the pituitary
during pregnancy favors acute ischemia and thrombosis with subsequent hemor-
rhage and swelling. Shortly after, hormonal deficiencies can ensue [16]. A review of
the literature demonstrates the median gestational age at symptom onset was
24 weeks [17]. The presenting symptoms included sudden headache, visual
disturbances, and nausea and, less commonly, polyuria, polydipsia, and altered
mental status [17]. Pregnant patients with prolactinoma should be counseled to seek
care if any symptoms of apoplexy develop [16, 17].

All therapeutic options are discussed with the patient. The patient is aware of the potential
risks but decides to stop the cabergoline and opts for close monitoring.

As discussed above, hyperprolactinemia is associated with anovulation and
infertility. However, in cases of prolactinoma, treatment with DA therapy often
restores fertility [1]. This leads to the question of what approach to take with the DA
after conception is achieved. It is recommended that a woman discontinues DA
therapy upon confirmation of pregnancy. This recommendation stems from the gen-
eral principle that fetal exposure to all drugs be limited as much as possible.
Bromocriptine crosses the placenta, and fetal exposure can occur very early after
conception [1, 14].

Bromocriptine has been the recommended drug when optimizing for pregnancy
due to the larger amount of published data; however, current evidence does not
demonstrate superior outcomes when compared with cabergoline [1]. Studies have
demonstrated that women taking bromocriptine in early pregnancy have rates of
spontaneous abortion, ectopic pregnancy, multiple births, and congenital malforma-
tion no higher than the general population. This result was seen in more than 6000
pregnancies achieved and reported in women taking bromocriptine. There is less
data, about 950 reported pregnancies achieved while on cabergoline; however, cur-
rent evidence indicates there is no significant difference in adverse outcomes during
pregnancy compared with the general population. In a prospective study of 80
women who achieved pregnancy on cabergoline and the drug discontinued at
5 weeks of gestation, there were no fetal complications. Based on this evidence,
there is no harm from fetal exposure to bromocriptine or cabergoline in early preg-
nancy [1, 14]. Quinagolide, a DA approved for use outside of the United States, has
a poor safety profile during pregnancy with studies reporting higher rates of sponta-
neous abortions and fetal malformations; therefore, quinagolide should not be used
when fertility is desired [11, 14].

At 16 weeks gestation, the patient experiences blurry vision and worsening headaches;
visual fields show bitemporal hemianopsia. A brain MRI without contrast is ordered which
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shows pituitary hyperplasia as well as a larger mass with suprasellar extension and bowing
of the optic chiasm, but with no intratumoral or intrasellar hemorrhage. Cabergoline 0.5 mg
twice weekly is restarted.

The high estrogen state of pregnancy results in physiologic lactotroph hyperpla-
sia in the normal pituitary as well as the direct stimulatory effect on the prolacti-
noma. Additionally, as patients discontinue dopamine agonist therapy once
pregnancy is confirmed, the tumor shrinkage achieved with these medications may
be reversed upon cessation [1]. As described previously, patients who experience
severe headaches and/or visual field changes should be referred for urgent formal
visual field assessment and MRI without contrast. In women who present with these
symptoms and demonstrate substantial growth of the prolactinoma during preg-
nancy, the immediate reinstitution of bromocriptine or cabergoline is recommended
and continued throughout pregnancy. There have been no large-scale or long-term
studies investigating bromocriptine or cabergoline safety late in gestation, but cur-
rent data suggests that such use is probably safe [14]. Bromocriptine use throughout
pregnancy or restarted late in pregnancy due to symptomatic tumor enlargement in
approximately 100 patients did not demonstrate teratogenicity or adverse develop-
mental outcomes. A study of 23 children born to mothers taking bromocriptine
throughout the duration of pregnancy showed no increase in respiratory distress or
motor development [18]. The use of cabergoline throughout pregnancy was evalu-
ated in 15 women, 13 of which delivered healthy infants at term, one at 36 weeks,
and one having intrauterine death at 34 weeks in the setting of severe preeclampsia.
DA therapy will usually lead to shrinkage of the prolactinoma and improved symp-
toms. If this is not the case, alternatives include transsphenoidal surgery in the sec-
ond trimester or delivery if pregnancy is close enough to term [11, 19].

At 19 weeks, the visual field exam did not show significant improvement and her headaches
did not subside. You recommend transsphenoidal resection of the tumor and refer her to a
neurosurgeon with expertise in pituitary surgery.

In patients with macroadenomas, especially with suprasellar extension, there is a
23% risk of significant tumor enlargement during pregnancy when DA is the sole
treatment prior to conception. In these cases, a careful discussion of all therapeutic
options with the patient is needed assuming there was tumor shrinkage with DA
prior to pregnancy (Fig. 15.1). If the patient is unresponsive to DA, surgery is
needed. Patients who develop tumor growth during pregnancy resulting in visual
changes or headache, and who are subsequently restarted on DA, should be moni-
tored very closely with monthly visual field testing. Repeat MRI without contrast is
reserved for patients with persistent or worsening symptoms of tumor enlargement
or developing/worsening visual field defects [19]. Patients in whom there is no
response to re-initiating the dopamine agonist or worsening vision should be recom-
mended for surgery (best in the second trimester) or delivery (if pregnancy is suffi-
ciently advanced in the third trimester). Other indications for surgery include
intolerance of DA, cerebrospinal fluid leaks due to tumor shrinkage after DA ther-
apy, and cranial nerve palsies due to tumor hemorrhage or apoplexy [19, 20].
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Prolactinoma in a woman considering
pregnancy

|

Obtain pre-conception MRI brain and formal
visual fields testing (if tumor touching the
optic apparatus)

pd !

~

Tumor touching or in very close

Tumors with suprasellar extension (<3 mm

proximity to optic chiasm
«Consider surgical resection or
medical therapy with documented
tumor shrinkage prior to
conception

to the optic chiasm)
*Maintain dopamine agonist (DA) therapy
until pregnancy confirmed—consider
continuing medication during pregnancy
(not FDA approved)
*Formal visual fields testing each trimester
during pregnancy
*No need to check prolactin level

Intrasellar tumors

(>3 mm till the optic chiasm)
*Maintain DA therapy until
pregnancy confirmed
«Follow clinically every 2-3 months
during pregnancy
*No need for serial formal visual
fields testing
*No need to check prolactin levels

New/worsening headache or change in /
vision anytime during pregnancy

+Obtain MRI without contrast and formal
visual fields

Substantial growth of the
prolactinoma/abnormal visual fields
*Restart bromocriptine or cabergoline and
maintain throughout pregnancy
« |f tumor was nonresponsive to DA therapy
prior to pregnancy, consider surgery
*Monthly formal visual fields testing

!

Persistent/worsening headache. visual fields
*Repeat MRI

*Recommend surgery (if second trimester)
or delivery (if pregnancy is sufficiently
advanced)

Fig. 15.1 Algorithm for the management of the female patient with a prolactinoma prior to con-
ception and during pregnancy

The optimal time for surgical intervention during pregnancy is during the second
trimester as anesthesia given in the first trimester carries a 1.5-fold higher risk of
spontaneous abortion and in the third trimester is associated with an elevated risk of
premature labor [21]. A small number of published case reports demonstrate suc-
cessful transsphenoidal surgery in the second trimester. Proper positioning during
surgery should be maintained as the weight of the uterus may compress the inferior
vena cava, decreasing preload, resulting in arterial hypotension and placental insuf-
ficiency. It is recommended that a wedge be placed underneath the right hip to dis-
place the uterus and lessen this effect [21]. Induced arterial hypotension, a technique
commonly used in pituitary surgery to minimize bleeding from the nasal mucosa,
should be avoided. Continuous fetal monitoring should be used to provide informa-
tion about fetal well-being and if there is a need for immediate intervention [22]. A
team approach between the obstetrician, perinatologist, anesthesiologist, and sur-
geon is crucial to ensuring the best outcome [23].
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At 20 weeks gestation the patient undergoes transsphenoidal resection of the enlarging
prolactinoma with resolution of the headaches and normalization of the visual fields and
cabergoline is stopped. She delivers a healthy baby girl at 39 weeks gestation.

Conclusion

Care of the pregnant patient with a prolactinoma requires a multidisciplinary
approach. MRI should be obtained prior to conception with formal visual field test-
ing performed if the tumor is touching any components of the optic apparatus.
Dopamine agonist therapy is often discontinued once pregnancy is confirmed.
While checking prolactin levels during pregnancy is not a useful clinical tool, the
patient should be cautioned to monitor for symptoms that would raise concern for
growth of the prolactinoma with a subsequent impact on the optic chiasm or pitu-
itary apoplexy. Bromocriptine or cabergoline should be restarted and maintained in
patients who experience significant tumor growth during pregnancy. Women who
do not demonstrate a response to re-initiation of the dopamine agonist or experience
worsening vision should be recommended for surgery or delivery.

References

1. Molitch ME. Prolactinoma in pregnancy. Best Pract Res Clin Endocrinol Metab.
2011;25(6):885-96.

2. Ramasharma K, Li CH. Human pituitary and placental hormones control human insulin-like
growth factor Il secretion in human granulosa cells. Proc Natl Acad Sci U SA. 1987;84:2643-7.

3. Feltus FA, Groner B, Melner MH. Stat5-mediated regulation of the human type II 3beta-
hydroxysteroid dehydrogenase/delta5-deltad isomerase gene activation by prolactin. Mol
Endocrinol. 1999;13:1084-93.

4. Dorrington JH, Gore-Langton RE. Antigonadal action of prolactin: further studies on the
mechanism of inhibition of follicle-stimulating hormone-induced aromatase activity in rat
granulosa cell cultures. Endocrinology. 1982;110:1701-7.

5. Biswas S, Rodeck CH. Plasma prolactin levels during pregnancy. BJOG Int J Obstet Gynaecol.
1976;83(9):683-17.

6. Majumadar A, Mangal NS. Hyperprolactinomeia. ] Hum Reprod Sci. 2013;6(3):168-75.

7. Glass MR, et al. An abnormality of oestrogen feedback in amenorrhoea-galactorrhoea. Br Med
J. 1975;3:274-5.

8. Binart N. Prolactin and pregnancy in mice and humans. Ann Endocrinol. 2016;77:126-7.

9. Biller BM, et al. Guidelines for the diagnosis and treatment of hyperprolactinemia. J Reprod
Med. 1999;44(12):1075-84. (6).

10. Gonzalez JG, et al. Pituitary gland growth during normal pregnancy: an in vivo study using
magnetic resonance imaging. Am J Med. 1998;85:217-20.

11. Almalki MH, et al. Managing prolactinomas during pregnancy. Front Endocrinol. 2015;6:85.

12. Kaptain GJ, Simmons NE, Alden TD, Lopes MB, Vance ML, Laws ER. Estrogen receptors in
prolactinomas: a clinicopathological study. Pituitary. 1999;1:91-8.

13. Laway BA, Mir SA. Pregnancy and pituitary disorders: challenges in diagnosis and manage-
ment. Indian J Endocrinol Metab. 2013;17(6):996—-1004.



194 J. N. Falcone and G. A. Dobri

14. Melmed S, et al. Diagnosis and treatment of hyperprolactinemia: an endocrine society clinical
practice guideline. J Clin Endocrinol Metab. 2011;96(2):273-88.

15. Lebbe M, et al. Outcome of 100 pregnancies initiated under treatment with cabergoline in
hyperprolactinaemic women. Clin Endocrinol. 2010;73:236—42.

16. Radeva HS, et al. Classical pituitary apoplexy: clinical features, management, and outcome.
Clin Endocrinol. 1999;51:181.

17. Grand’Maison S, et al. Pituitary apoplexy in pregnancy: a case series and literature review.
Obstet Med. 2015;8(4):177-83.

18. Raymond JP, et al. Follow-up of children born of bromocriptine-treated mothers. Horm Res.
1985;22:239-46. (15).

19. Molitch M. Management of the pregnant patient with a prolactinoma. Eur J Endocrinol.
2015;172(5):205-13.

20. Kreutzer J, et al. Operative treatment of prolactinomas: indications and results in a current
consecutive series of 212 patient. Eur J Endocrinol. 2008;158:11-8.

21. Abbassy M, et al. Surgical management of recurrent Cushing’s disease in pregnancy: a case
report. Surg Neurol Int. 2015;6(25):640-5.

22. Mellor A, et al. Cushing’s disease treated by trans-sphenoidal selective adenomectomy in mid-
pregnancy. Br J Anaesth. 1998;80:850-2.

23. Sam S, Molitch M. Timing and special concerns regarding endocrine surgery during preg-
nancy. Endocrinol Metab Clin N Am. 2003;32(2):337-54.



Chapter 16
Management of the Patient with Cushing’s
Syndrome During Pregnancy

Check for
updates

Elena Valassi, Luciana Martel, and Susan M. Webb

Case Presentation

A 28-year-old woman presented with weight gain (more than 10 kg), irregular men-
ses, proximal muscle weakness, and severe back pain for 8§ months. She was in her
11th week of pregnancy. On examination, her gynecologist observed facial plethora,
dorsocervical and supraclavicular fat pads, purple striae on the thighs, bruises in the
lower limbs, and a gravid uterus consistent with gestational age. Her body mass
index (BMI) was 29 kg/m?, blood pressure was 160/100 mmHg, and fasting glucose
was 112 mg/dL. Her urinary free cortisol (UFC) was 394 pg/24 h (normal range,
70-270). Her gynecologist considered these findings to be related to the gestation.
Monitoring of glycemic values and treatment with methyldopa were started. Two
weeks later, at the 13th week of gestation, she was referred to an endocrinologist due
to worsening of glycemic values. Cushing’s syndrome (CS) was suspected. UFC
(average of three consecutive measurements) was 1008 mcg/24 h; late-night salivary
cortisol (LNSC) was 12.6 mmol/L and 13.2 mmol/L on 2 consecutive days (normal
range, 2—6.5 mmol/L); serum cortisol did not suppress after high-dose dexametha-
sone suppression (HDDST) (21% suppression from baseline serum cortisol of
36 pg/dL); and Adrenocorticotropic hormone (ACTH) was 11 pg/mL (5—46 pg/mL).
An adrenal ultrasound showed a right adrenal adenoma of 31 x 28 mm.

Glycemic control was difficult despite high doses of insulin, and hypertension
was resistant to treatment. Fetal growth restriction was documented. At 15 weeks of
pregnancy, metyrapone (250 up-titrated to 1500 mg/day) was started, which
decreased the hypercortisolemia (UFC 384 pg/24 h). Glycemic control improved,
and insulin was rapidly down-titrated, while blood pressure decreased but did not
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fully normalize. In the 24th week of gestation, laparoscopic right adrenalectomy
was performed, after which LNSC normalized, hypertension was controlled with
low doses of methyldopa, and glycemic values improved, leading to further reduc-
tions in insulin. Hydrocortisone replacement was started (20 mg/day divided in
three doses). Despite her clinical improvement, the fetal size and growth velocity
remained below the 10th percentile, and she developed preeclampsia in the 33rd
week. Labor was induced at 35 weeks, and an intravenous stress dose of hydrocor-
tisone was administered. A female infant weighing 1855 g was delivered. The new-
born initially developed respiratory distress which was successfully treated in the
neonatal intensive care unit.

Pathophysiology

CS in pregnancy is extremely rare, due to the negative effects of hypercortisolism
on the gonadal axis. CS women frequently present with hyperandrogenism, oligo-
or amenorrhea, and, in severe cases, hypogonadotropic hypogonadism and infertil-
ity secondary to impaired follicular development and ovulation [1]. A recent
systematic review collected information on 263 pregnancies published between
1952 and 2015, of which 81% occurred in women with active CS and 19% after
remission. CS was diagnosed during gestation in 65% of cases [2].

To diagnose new-onset or recurrent CS in a pregnant woman is challenging due
to the physiological and transient hyperactivation of the hypothalamic-pituitary-
adrenal (HPA) axis occurring during normal gestation, which may mask underlying
pathological cortisol excess [3]. Similarities between clinical features commonly
associated with CS and typical physical/emotional changes of normal gestation may
further complicate recognition of CS in pregnancy [3]. A key point is that extra-
abdominal purple striae, easy bruising, thin skin, proximal myopathy, and spontane-
ous fractures are specific features of CS which rarely occur in normal pregnancy.
Their appearance in a pregnant woman is highly suggestive of cortisol excess.

Physiological Changes of the HPA Axis in Normal Pregnancy
(Fig. 16.1)

Placental corticotropin-releasing hormone (CRH) exponentially increases from the
8th week until the third trimester, peaking around 4000 pg/mL at the 40th week [4].
It is secreted in a noncircadian, nonpulsatile fashion, and plays a prominent role as
modulator of maternal and fetal HPA axes in pregnancy, as well as a regulatory
clock of the length of gestation [5]. While the concomitant rise of CRH-binding
protein prevents the HPA axis from being exposed to excessive CRH in the first two
trimesters, bioavailable CRH rises in the last weeks of pregnancy, due to the late
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Fig. 16.1 Hypothalamic-pituitary-adrenal axis hormone and binding protein changes during nor-
mal pregnancy. (Abbreviations: ACTH, adrenocorticotropic hormone; CBG, cortisol-binding glob-
ulin; CRH; corticotropin-releasing hormone; CRH-BP, corticotropin-releasing hormone-binding
protein; LNSC, late-night salivary cortisol; UFC, 24-h urinary free cortisol)

decline of its binding protein [6]. Increased placental production of CRH in the third
trimester is the main stimulus for hyperactivation of the HPA axis and is a contribu-
tor to parturition and fetal lung maturation [6].

ACTH also is produced by the placenta, and plasma levels progressively increase
threefold from the 10th to 12th week until the third trimester, achieving maximal
concentrations during labor and delivery [5]. The rise of placental ACTH, dose-
dependently modulated by CRH, contributes to cortisol hypersecretion observed in
pregnancy [7].

Plasma cortisol concentrations rise two- to threefold throughout gestation, start-
ing from the 11th week until the delivery [8]. This increment is not only due to the
elevation of placental CRH and ACTH but also to the stimulatory effect of estrogens
on hepatic production of corticosteroid-binding globulin (CBG) [8]. Indeed, CBG
levels increase progressively and reach a threefold peak in the third trimester, lead-
ing to an overestimation of total serum cortisol measurements during normal preg-
nancy [3]. Free cortisol concentrations also increase from the first and second
trimester and remain subsequently stable [9]. Hyperactivation of the HPA axis and
glucocorticoid resistance associated with high levels of progesterone have been sug-
gested as the mechanisms leading to free cortisol elevation [10].

As a consequence, UFC concentrations rise 1.4- to 1.6-fold starting from the
second trimester, and the suppressibility of both plasma cortisol and UFC after 1 mg
dexamethasone is lost in most healthy pregnant women throughout the second half
of gestation [11, 12]. Elevation of UFC in the 10th week, as described in the clinical
case, is not usual and therefore should have raised the suspicion of abnormal secre-
tion of cortisol.

Circadian, pulsatile secretion of cortisol is maintained across pregnancy, although
a slight alteration may be observed during the third trimester when cortisol
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production is maximal [9]. Indeed, despite the increase of morning serum cortisol
concentrations in the second and third trimester, LNSC was not different in most
pregnant women at any time across gestation compared with nonpregnant, healthy
controls [13].

The fetus is protected from maternal hypercortisolism in early gestation due to
the placental expression of 11-B-hydroxysteroid dehydrogenase 2 (11p-HSD 2)
which converts cortisol to cortisone [3]. Aldosterone levels progressively increase
across pregnancy reaching a peaking eight- to tenfold above the normal range by the
third trimester, due to hyperestrogenism and elevated placental production of renin.
Plasma renin also increases fourfold by the 20th week [14]. While increased proges-
terone may lead to partial resistance to aldosterone, potassium levels may be low in
normal pregnancy [14].

In summary, during normal pregnancy, the hyperactivation of the hypothalamic-
pituitary-adrenal axis occurs, as reflected by the physiological rise in plasma con-
centrations of CRH, ACTH, cortisol, and CBG and up to threefold elevation of UFC
levels. Circadian rhythm of salivary cortisol usually is maintained in normal
pregnancy.

Causes of CS in Pregnancy

Whereas Cushing’s disease (CD) is the commonest cause of CS in nonpregnant
women, an adrenal source is more frequent in pregnant women with confirmed
hypercortisolism, accounting for 40-60% of cases, in contrast to 15% in nonpreg-
nant patients [1]. Of 263 cases described up to 2015, an adrenal adenoma was found
in 44% of women with active CS, a pituitary adenoma in 28%, an adrenal carcinoma
in 9%, an ectopic ACTH-dependent syndrome (EAS) in 3.8%, and reversible
pregnancy-induced CS in 13% [2].

Maternal and Fetal Morbidity and Mortality

CS in pregnancy is a severe condition, associated with elevated prevalence of poten-
tially lethal complications in both the mother and the fetus. Hypertension and dia-
betes have been described in 68% and 25% of pregnant CS women, respectively.
The prevalence of preeclampsia in CS patients is 13%, sixfold greater than in
healthy pregnant women, while the prevalence of spontaneous abortion and fetal
loss are 35% and 10%, respectively, two- and tenfold higher than in women without
CS [2]. Prematurity has been reported in 43% of cases, while intrauterine growth
retardation (IUGR) is reported in 21% [5]. In the case described above, the patient
developed preeclampsia 9 weeks after successful removal of the adrenal source of
cortisol excess. Of note, [IUGR persisted despite control of hypercortisolism since
the 15th week, initially using metyrapone and subsequently after adrenalectomy.
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Other maternal complications include osteoporosis and fractures, cardiac failure,
psychiatric disorders, and wound infections [15]. Maternal mortality in pregnant
women with uncontrolled CS is 1257/100,000 live births, significantly higher than
that reported in 2013 both worldwide (209/100,000) and in Southern Sudan, where
it is the highest (956.8/100,000) [2]. Moreover, pregnant women with active CS
present with a greater risk of hypertension, gestational diabetes, preeclampsia, and
fetal loss as compared with their counterparts in remission [2]. Fetal mortality in
cured CS patients is similar to that described in healthy women, indicating that cor-
rection of cortisol excess may increase the probability of having a successful gesta-
tion [2].

Although cortisol normalization improves maternal and fetal outcomes, the prev-
alence of preterm birth and low birth weight in CS women who underwent surgery
during pregnancy remains elevated even in those who reached remission [2].
Overall, the prevalence of fetal loss and overall morbidity is higher in pregnant
women with active CS as compared with that reported in pregnant women with CS
in remission.

Diagnostic Tests and Monitoring

Biochemical Testing (Table 16.1)

The differential diagnosis between CS and normal pregnancy is difficult on a clini-
cal basis, and CS is often recognized after the second trimester [1]. Hypertension,
diabetes, striae, and mood disorders may be observed in both conditions, although
the presence of extra-abdominal, purple, larger striae, easy bruising, muscle weak-
ness, and osteoporosis are important clues of the underlying CS in pregnancy [3].

Many diagnostic tests used in CS are not reliable in gestation, due to the physi-
ological, pregnancy-related changes of the HPA axis [16]. Because morning serum
cortisol and 1 mg dexamethasone suppression tests are frequently abnormal in preg-
nancy, with a great proportion of false-positive results, they cannot be relied upon
[5, 12].

UFC can only be helpful after the first trimester if the levels are four times above
the upper limit of normal (ULN) for nonpregnant women [8]. Because circadian
variation of cortisol is maintained during pregnancy, its assessment is a mainstay for
the diagnosis of CS, although some women in pregnancy may have more elevated
levels than nonpregnant controls, especially in the second half of pregnancy [13, 17,
18]. In the case described above, UFC was more than four times above the ULN,
and cortisol diurnal rhythm was lost in the 13th week of gestation, confirming
hypercortisolism. LNSC three to four times above ULN (for nonpregnant women)
may suggest CS in pregnancy [8]. ACTH suppression, confirmatory in nonpregnant
patients with adrenal CS, is not seen in half the women with this etiology, likely due
to the continuous placental production of CRH and ACTH [1]. In the case described,
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Table 16.1 Utility of diagnostic tests of Cushing’s syndrome during pregnancy

Test Normal pregnancy Utility for CS diagnosis

UFC Increased up to three times Increased >4 times above ULN (range for
above ULN in the second and | nonpregnant women)
third trimester

1 mg DST Adequate suppression in: No
83%, first trimester
44%, second trimester
37%, third trimester
Serum morning Increased up to two times No
cortisol above ULN in the second and
third trimester

Late-night salivary | Increased up to two times in | Increased three to four times above the

cortisol the second and third trimester | ULN (range for nonpregnant women)
ACTH Increased up to two times Interpret with caution
above ULN It may not be suppressed in patients with

adrenal Cushing’s syndrome

CRH test Diminished response Useful but CRH labeled by the FDA as C
drug class

Desmopressin test | Diminished response Useful with sensitivity of 80% for pituitary
Cushing’s syndrome

HDDST/8-mg Diminished suppression May be useful

DST (overnight) Suppression >80% suggestive of CD

Suppression <50% suggestive of EAS or
adrenal adenoma

Pituitary MRI - Limited usefulness for microadenomas due
to reduced sensitivity without gadolinium
which is contraindicated

Avoid in the first trimester

IPSS - Avoid due to the increased risk of
thrombosis and radiation hazard

Abbreviations: ACTH adrenocorticotropin hormone, CRH corticotropin-releasing hormone, CD
Cushing’s disease, CS Cushing’s syndrome, DST dexamethasone suppression test, EAS ectopic
ACTH-dependent Cushing’s syndrome, FDA Food and Drug Administration, HDDST high-dose
dexamethasone suppression test, /PSS inferior petrosal sinus sampling, UFC 24-h urinary free
cortisol, ULN upper limit of normal

ACTH was detectable, at the lower half of the normal range. Pregnant patients with
CD usually show ACTH concentrations in the upper half of the normal range or
even higher [1].

The reliability of dynamic tests to differentiate the etiology of CS, namely, CRH,
desmopressin, and high-dose dexamethasone suppression tests (HDDST), has not
been extensively evaluated in pregnancy, and therefore no clear recommendations
on their usefulness can be made [17]. In the case described, lack of suppression on
HDDST suggested an adrenal origin subsequently confirmed by ultrasound.

Although the CRH stimulation test has been used in pregnant women, with a
significant rise of cortisol levels to confirm the diagnosis of CD [19], ovine CRH has
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been classified as a category C drug by the Food and Drug Administration (FDA) [5,
20]. Inferior petrosal sinus sampling (IPSS) should be only performed in experi-
enced centers and in very selected cases due to its invasiveness, risk of thrombotic
events, and exposure to ionizing radiations [5]. Of note, IPSS is contraindicated by
the European Society of Endocrinology guidelines [21].

In summary, regarding testing, fourfold elevation of UFC above the upper limit
of normal range for nonpregnant women and abnormal levels of LNSC are useful to
diagnose CS after the first trimester of gestation.

Imaging

Imaging should be performed only when surgery is planned before delivery. Because
gadolinium is contraindicated in pregnancy (FDA category C), non-gadolinium-
enhanced magnetic resonance imaging (MRI) is the only technique which can be
used to diagnose a pituitary adenoma after the 32nd week of gestation. However, its
sensitivity is reduced in comparison to contrast-enhanced MRI for the detection of
pituitary microadenomas [22]. Physiological pituitary enlargement of up to twofold
during pregnancy may mislead the interpretation of images, and incidental adeno-
mas, less than 6 mm in size, are detected in 10% of the general population [1].

An adrenal ultrasound may be safely performed to identify an adrenal adenoma,
although its sensitivity is not optimal for smaller lesions. In doubt, an adrenal MRI
without contrast may be performed after the 32nd week of gestation.

Management (Fig. 16.2)

Although control of CS and its manifestations in pregnancy may not completely
prevent adverse fetal outcomes, it should be invariably pursued, due to the elevated
maternal and fetal morbidity and mortality in untreated cases [1, 21, 23]. Sixty per-
cent of 213 patients with active CS did not receive any surgical or medical treatment
during pregnancy, but some underwent conservative therapy of their comorbidities,
including diabetes and hypertension [2]. Although this conservative therapeutic
choice may be adopted when diagnosis of CS is established too late in the third tri-
mester, it is otherwise not recommended [1]. The prevalence of fetal loss in untreated
CS women was 31% versus 13% in those who underwent surgery and 21% in those
who took cortisol-lowering medications [2].

Pituitary or adrenal surgery, reported in 29% of pregnant CS women, is the first-
line option when performed in the second trimester, between the 21st and 24th
weeks [2, 17]. Although later surgery may be associated with an elevated risk of
prematurity, laparoscopic adrenalectomy has been successfully and safely
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Cushing syndrome

Pre-pregnancy diagnosis | Diagnosis during pregnancy

Planned pregnancy| |Unplanned pregnancy|

Pituitary or Adrenal tumor Surgical Medical |
removal* contraindications* treatment
[
Remission Uncontrolled
disease
. In refractory and severe
Glucocorticoid cases, consider bilateral
replacement adrenalectomy

Fig. 16.2 Therapeutic management algorithm for women with Cushing’s syndrome (CS) and
pregnancy (*For unplanned pregnancy in a woman with CS or CS diagnosed during pregnancy, the
preferred timing of surgery is during the second trimester. **In the third trimester of pregnancy,
medical treatment for CS is preferred to surgery) [23]

performed until the 32nd week [24, 25]. Data on the efficacy and safety of bilateral
adrenalectomy in pregnancy are scant but may be an option in case of uncontrolled
CD or severe EAS [3]. The live birth rate is described to be 87% after unilateral or
bilateral adrenalectomy [26]. A surgical option should be carefully evaluated, after
weighing benefits against risks in each patient, and taking into account the severity
of disease, gestational age, and etiology [3].

A systematic review published in 2017 only identified ten reports of medical
therapy use in pregnant CS patients [2]. Eleven percent of patients exclusively
received medical treatment, mainly steroidogenesis inhibitors, such as metyrapone
or ketoconazole, or, to a lesser extent, the dopamine agonist cabergoline for CD [2].
Medical therapy is the second-line option and may be especially advisable in the
third trimester, when surgery is not recommended or, in general, when surgery is not
feasible [17]. Metyrapone, which is the first-choice cortisol-lowering drug in preg-
nancy, has been used in 70% of medically treated pregnant women with CS [2]. It is
generally well-tolerated and safe for fetal development, although a case of fetal
hypoadrenalism has been described [27]. Indeed, metyrapone passes the placental
barrier and, therefore, may affect fetal adrenal steroid synthesis [28]. Moreover, the
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use of metyrapone may worsen hypertension and lead to an increased risk of pre-
eclampsia, due to the accumulation of mineralocorticoid precursors, such
11-deoxycorticosterone [3].

From literature review, ketoconazole has been used in 15% of cases and was usu-
ally well-tolerated [2, 29]. However, ketoconazole is FDA category C and should be
used only in women intolerant to metyrapone in need of urgent correction of hyper-
cortisolism, due to the teratogenicity demonstrated in animal studies and potential
antiandrogenic effects on the fetus [1]. Other steroidogenesis inhibitors, such as
mitotane and aminoglutethimide, should not be used in pregnancy due to teratoge-
nicity and fetal masculinization, respectively [3, 29].

Cabergoline, reported in only 3% of cases, may be effective and safe in pregnant
patients with CD [2, 17]. Continuous use throughout pregnancy has been described,
and remission achieved in three cases reported [30-32].

Women who achieve surgical remission during pregnancy, should be treated with
hydrocortisone replacement, aimed at maintaining UFC levels within the trimester-
specific range. Hydrocortisone dose should be gradually decreased over 3 months
postpartum [8]. On the other hand, steroidogenesis inhibitors should be discontin-
ued or reduced when labor begins and gradually restored in the postpartum
period [8].

Because thrombosis is a possible complication which may occur in both healthy
pregnancy and CS patients, with the latter showing a tenfold increased prevalence,
the European Society of Endocrinology guidelines advises to treat pregnant women
with CD with prophylactic anticoagulation, using low-molecular-weight heparin
[21]. However, no data are available on the safety and benefit of this approach in
pregnant CS women. Breastfeeding is not contraindicated, provided that mother’s
general conditions allow it, and she is not taking steroidogenesis inhibitors or pasir-
eotide [21].

Conclusion

Pregnant women with active or medically treated CD and CS should be managed by
a multidisciplinary team expert in high-risk pregnancies, including obstetricians,
pituitary specialists, neonatologists, and specialized endocrine surgeons (Table 16.2).
Mild cases of CS may be treated conservatively, by treating comorbidities, espe-
cially if CS is discovered late in pregnancy. Severe CS should always be treated,
with surgery being the first-line treatment. If control of disease is not possible, and
there are life-threatening risks for the mother and the fetus, pregnancy termination
for medical reasons should be discussed.
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Table 16.2 Key points regarding Cushing’s syndrome in pregnancy

Presentation of Cushing’s
syndrome in pregnancy

Extra-abdominal purple striae, easy bruising, thin skin, proximal
myopathy, and spontaneous fractures are specific features of CS
which rarely occur in normal pregnancy and are highly suggestive of
cortisol excess

Hypothalamic-pituitary-
adrenal axis changes
during pregnancy

During normal pregnancy, the hyperactivation of the hypothalamic-
pituitary-adrenal axis occurs, as reflected by the physiological rise in
plasma concentrations of CRH, ACTH, cortisol, and CBG and up to
threefold elevation of UFC levels

Circadian rhythm of salivary cortisol usually is maintained in
normal pregnancy

Risks of Cushing’s
syndrome in pregnancy

The prevalence of fetal loss and overall morbidity is higher in
pregnant women with active CS as compared with that reported in
pregnant women with CS in remission

Diagnosis of Cushing’s
syndrome in pregnancy

Fourfold elevation of UFC above the upper limit of normal range for
nonpregnant women

Abnormal levels of LNSC are useful to diagnose CS after the first
trimester of gestation

Management of
Cushing’s syndrome in
pregnancy

Pregnant women with active or medically treated CS should be
managed by a multidisciplinary team of experts in high-risk
pregnancies including obstetricians, pituitary specialists,
neonatologists, and specialized endocrine surgeons

If severe, rapidly worsening clinical manifestations of CS develop,
surgery during the second trimester should be considered as the
first-line treatment

Medications to lower cortisol levels may be considered for
symptomatic control, mainly when surgery is contraindicated (e.g.,
late pregnancy)

Control of comorbidities is essential throughout gestation

Abbreviations: ACTH adrenocorticotropic hormone, CBG corticosteroid-binding globulin, CRH
corticotropin-releasing hormone, CS Cushing’s syndrome, LNSC late-night salivary cortisol, UFC

24-h urine free cortisol
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Chapter 17
Pregnancy-Associated Pituitary Disorders:
Hypophysitis

Check for
updates

Alessandro Prete and Roberto Salvatori

Introduction

Hypophysitis is an umbrella term encompassing various forms of inflammation of
the pituitary. It is an established cause of hypopituitarism and can lead to sellar
compression [1]. It is a rare disorder, although it is likely to be underdiagnosed and
underreported because some cases can have a subclinical and indolent course [1].
Hypophysitis can either be idiopathic (primary hypophysitis) or caused by drugs or
intracranial or systemic diseases (secondary hypophysitis) [2]. Lymphocytic
hypophysitis is the most frequent form of primary hypophysitis, accounting for
~70% of cases. It is three times more common in women (especially during the
fourth decade) and presents during pregnancy or the postpartum period in ~70% of
cases [3]. In this chapter we will present a clinical case and discuss the pathophysi-
ology, diagnostic approach, and management of patients with suspected lympho-
cytic hypophysitis.

Case Presentation

A 28-year-old woman came to medical attention in April 2019 because of amenor-
rhea and multiple constitutional symptoms. She started developing severe and long-
lasting headaches in the spring of 2018, and she was taking a large amount of
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over-the-counter non-steroidal anti-inflammatory medications when she was diag-
nosed as being pregnant. She was worried that the painkillers would have damaged
the fetus and therefore terminated the pregnancy in the early summer of 2018. The
patient was not sure how far she was in the pregnancy and whether the headaches
started before or after she had become pregnant. After the termination of pregnancy,
she had one to two irregular periods, which then totally disappeared in August 2018.
The headaches gradually subsided. However, she noticed progressive and worsen-
ing general malaise, sleepiness, heat intolerance, anorexia, tiredness, and weight
loss (she lost more than 20 Ibs.). She additionally noticed reduction in libido, vagi-
nal dryness, and occasional blurred vision. She denied any significant polyuria and
any history of change in size of her hands or feet, galactorrhea, or major head
trauma. She did not have any significant past and family medical history, including
endocrine or autoimmune disorders. Upon examination, there were no signs of
growth hormone and cortisol excess. Extraocular movements were intact. Visual
fields were normal to confrontation.

Laboratory evaluations were carried out and were consistent with hypopituita-
rism: very low early-morning cortisol (0.9 pg/dL — range 4.6-23.4); inappropriately
normal adrenocorticotropic hormone (ACTH, 17 pg/mL — range 6-50); undetect-
able prolactin (<0.1 ng/mL — range 3.8-23.2); undetectable estradiol (<5 pg/mL),
with inappropriately normal FSH (5.7 mIU/mL) and LH (3.4 mIU/mL); low free
thyroxine (0.3 ng/dL — range 0.8—1.8); inappropriately normal thyroid-stimulating
hormone (TSH, 1.68 mIU/L — range 0.5-4.5); and low insulin-like growth factor 1
(IGF-1, 57 ng/mL — range 63—-373). An MRI of the pituitary showed an enlarged
gland with homogeneous gadolinium uptake (Fig. 17.1).

The medical history, laboratory results, and imaging findings were consistent
with hypopituitarism secondary to lymphocytic hypophysitis. The diagnosis was
confirmed by positive serum pituitary antibodies assayed by immunofluorescence.

Fig. 17.1 Magnetic resonance imaging findings. Panel a: T1-weighted image post-gadolinium,
coronal section. Panel b: T1-weighted image post-gadolinium, sagittal section. A homogeneous
enlargement of the pituitary can be seen; the mass shows intense and homogeneous enhancement
after gadolinium injection
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The patient was started on hydrocortisone (7.5 mg in the morning +2.5 mg in the
early afternoon) and — after a few days — on levothyroxine (75 pg once daily) with
dramatic improvement of her symptoms. Four months later she had regained her
baseline weight, but amenorrhea persisted. She was started on estrogen and proges-
terone therapy and was then lost to follow-up.

Pathophysiology and Clinical Presentation

The etiology of lymphocytic hypophysitis has not been established yet, but several
clues support that it is an autoimmune process, including the female predominance,
the association with pregnancy, the infiltration of the pituitary by immune cells, the
link with other autoimmune diseases, and the presence of pituitary antibodies [1].
Moreover, lymphocytic hypophysitis often responds rapidly and dramatically to
immunosuppressive treatment like other autoimmune disorders.

Lymphocytic hypophysitis can either be isolated or present in association with
autoimmune diseases (Table 17.1). Over two-thirds of cases show a temporal asso-
ciation with pregnancy, and it is more likely to be diagnosed during the month
before or 2 months after delivery. The symptoms of hypophysitis are related to the
development of endocrine deficiencies and to sellar compression, mainly headaches
and visual disturbances (Table 17.1). Contrary to other causes of hypopituitarism,
central adrenal insufficiency (ACTH deficiency) is the most common hormonal
abnormality in patients with lymphocytic hypophysitis [2]. However, in one-third of
cases, the inflammation involves the posterior pituitary and the pituitary stalk; in
such cases, polyuria and polydipsia secondary to antidiuretic hormone (ADH) defi-
ciency are the most frequent symptoms at presentation (Table 17.1). According to
case series, lymphocytic hypophysitis is associated with a mortality rate of 7%,
possibly because of unrecognized and untreated adrenal insufficiency [2].

Table 17.1 Presenting features of lymphocytic hypophysitis

Epidemiology of Rare cause of hypopituitarism
lymphocytic It is the most common type of primary hypophysitis
hypophysitis More common in women (higher risk during pregnancy or postpartum)

Isolated or associated with autoimmune diseases (e.g., polyglandular
autoimmune syndromes, autoimmune thyroiditis, Addison’s disease, type
1 diabetes, systemic lupus erythematosus, Sjogren’s syndrome,
rheumatoid arthritis, and atrophic gastritis)

Pituitary ~65% of cases: anterior pituitary only
involvement ~25% of cases: entire pituitary gland
~10% of cases: posterior pituitary/pituitary stalk only

(continued)
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Table 17.1 (continued)

Clinical presentation

Signs and symptoms related to endocrine dysfunction and/or local mass
effect

Headache (~50%)

Adrenal insufficiency (~35%):

Chronic: malaise, fatigue, weakness, dizziness, nausea, vomiting,
diarrhea, abdominal cramps, loss of appetite, weight loss, hypotension,
headaches, arthralgias and myalgias, and pale skin

Acute adrenal crisis: a life-threatening emergency presenting with
>2 of the following: hypotension or hypovolemic shock, nausea or
vomiting, severe fatigue, fever, and impaired consciousness
Diabetes insipidus (~35% lymphocytic hypophysitis; higher prevalence
with involvement of the posterior pituitary/stalk: polydipsia and
polyuria (urine output >3 l/day)).

Visual disturbances (~30%)
Symptoms of hypothyroidism and/or hypogonadism (15-20%)
Symptoms of hyperprolactinemia (oligo-/amenorrhea, galactorrhea) or
hypoprolactinemia (agalactia) (10-20%)
Other signs and symptoms
Weight gain (~20%)
Rarely temperature dysregulation
Signs and symptoms of related autoimmune diseases

Pituitary hormone
abnormalities at
diagnosis

ACTH deficiency (~60%)

FSH/LH deficiency (~55%)

TSH deficiency (~52%)

ADH deficiency (39%, higher with involvement of the posterior pituitary/
stalk)

GH decreased (~40%)

Hyperprolactinemia (~40%)

Hypoprolactinemia (~25%)

MRI characteristics

Acute/subacute phase:
Symmetrical pituitary enlargement with intense, homogeneous
enhancement post-gadolinium
Suprasellar extension with displacement of the chiasm
Thickened pituitary stalk without deviation
Absence of the posterior pituitary bright spot on unenhanced
T1-weighted MRI (although 20% of healthy subjects lack a bright
spot)
Dural thickening extending from the mass (“dural tail”) after
gadolinium infusion

Chronic phase:
Pituitary atrophy and empty sella

Abbreviations: ACTH adrenocorticotropic hormone, ADH antidiuretic hormone, CBG
corticosteroid-binding globulin, FSH follicle-stimulating hormone, 74 free thyroxine, GH growth
hormone, /GF-1 insulin-like growth factor 1, LH luteinizing hormone, MRI magnetic resonance
imaging, TSH thyroid-stimulating hormone
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Diagnosis
Laboratory Investigations

Because of the high prevalence of hypopituitarism, patients must undergo a swift
and thorough assessment of the pituitary function if lymphocytic hypophysitis is
suspected (Table 17.2). An optional test that — where available — can be used to

Table 17.2 Clinical investigation of suspected hypophysitis

Initial laboratory Secondary adrenal insufficiency:
investigations Morning cortisol and ACTH
Total cortisol levels are higher during pregnancy due to increased
CBG; use pregnancy-specific cut-offs
Secondary hypothyroidism:
TSH and FT4 to exclude hypothyroidism
TSH can be inappropriately normal
Diabetes insipidus:
Plasma and urine osmolality
Consider measurement of urea, calcium, and plasma glucose to
exclude other causes
Hypogonadotropic hypogonadism:
Non-pregnant/non-lactating FSH, LH, estradiol, and PRL (if
oligo-/amenorrhea)
GH deficiency:
Symptomatic non-pregnant patient IGF-1 (poor sensitivity and
may require confirmatory testing if normal range for age and sex)
Confirmatory tests Central adrenal insufficiency (indeterminate cortisol levels):
ACTH stimulation (in pregnancy use pregnancy-specific cut-offs;
do not use for acute presentations)
Metyrapone stimulation test (non-pregnant)
Insulin tolerance test (non-pregnant; rarely used)
Central diabetes insipidus:
Water deprivation test followed by desmopressin challenge (if
equivocal baseline labs)

Considerations if adrenal If acute adrenal insufficiency (adrenal crisis) is suspected, the
insufficiency is suspected patient should be treated immediately with injectable
or confirmed hydrocortisone and intravenous fluids, without waiting for

laboratory confirmation

If the patient has central hypothyroidism, exclude or treat adrenal
insufficiency before starting replacement with levothyroxine
(thyroid replacement increases the clearance of glucocorticoids
and can precipitate an adrenal crisis)

Starting glucocorticoid replacement can unmask central diabetes
insipidus by increasing free water excretion (monitor for
polydipsia/polyuria after starting hydrocortisone)

Abbreviations: ACTH adrenocorticotropic hormone, ADH antidiuretic hormone, CBG
corticosteroid-binding globulin, F'SH follicle-stimulating hormone, F74 free thyroxine, GH growth
hormone, /GF-1 insulin-like growth factor 1, LH luteinizing hormone, MRI magnetic resonance
imaging, PRL prolactin, 7SH thyroid-stimulating hormone
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confirm the diagnosis of hypophysitis is the measurement of serum autoantibodies
against the pituitary and/or the hypothalamus. The antibodies may recognize several
targets including a-enolase, growth hormone, the pituitary gland-specific factors la
and 2, regulatory prohormone-processing enzymes (PC1/3, PC2, CPE, and 7B2),
secretogranin II, chromosome 14 open reading frame 166 (Cl4orf166), the
corticotroph-specific transcription factor T-PIT, chorionic somatomammotropin,
corticotropin-releasing hormone-secreting cells, ADH, and rabphilin [3-6].
Immunofluorescence, although unable to determine the specific antigen recognized
by the antibody, is the most commonly used method. The use of human pituitary
substrate is important in the accuracy of the assay [7]. Anti-ADH antibodies can
predict the development of gestational or postpartum central diabetes insipidus,
while anti-rabphilin antibodies are specific to hypophysitis involving only the pos-
terior pituitary and pituitary stalk and can be used in the differential diagnosis of
patients with new-onset central diabetes insipidus [8, 9]. Pituitary antibodies are
found in 10-70% of patients with lymphocytic hypophysitis. However, they can
also be found in other disorders such as isolated central diabetes insipidus, germi-
nomas, isolated anterior hormone deficiencies, pituitary tumors, Rathke’s cleft
cysts, and craniopharyngiomas.

Imaging

Magnetic resonance imaging (MRI) of the pituitary is the modality of choice when
assessing patients with suspected lymphocytic hypophysitis [9]. Gadolinium can
provide valuable information, but its use is discouraged during pregnancy because
it crosses the placenta. The MRI typically shows a homogeneous and symmetrical
pituitary enlargement, with intense contrast enhancement and no deviation of the
stalk (Table 17.1) [1, 8, 10]. The differential diagnosis includes other sellar and
parasellar masses, chiefly pituitary adenomas. Because of the temporal association
with gestation, the physiological pituitary hyperplasia observed during pregnancy
and Sheehan’s syndrome must also be considered in a patient with suspected lym-
phocytic hypophysitis [11]. Another clue to the diagnosis of lymphocytic hypophy-
sitis is that the patients often develop endocrine dysfunction despite the pituitary
lesion being disproportionately small.

Visual Assessment

The enlargement of the pituitary can lead to suprasellar extension and chiasmal
compression; therefore, all patients with suspected hypophysitis should undergo a
visual assessment regardless of symptoms. An initial screening test that can be eas-
ily performed during routine clinical appointments is the assessment of visual fields
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by confrontation. Campimetry will then allow for a systematic assessment of the
visual fields and the identification and quantification of loss of the peripheral vision,
if present.

Histopathology

A biopsy of the pituitary is almost never needed to establish a diagnosis of lympho-
cytic hypophysitis, since this is usually achieved by combining medical history,
clinical and laboratory evaluation, and radiological findings. A biopsy should only
be considered if the diagnosis is uncertain and if the result would affect the manage-
ment. Histopathology shows diffuse infiltration of the pituitary by T cells, with
occasional lymphoid follicles and other immune cells (e.g., plasma cells and eosin-
ophils). In the chronic stage of the disease, fibrosis and atrophy can be observed [2].

Management

Management of Hypopituitarism

Patients with established pituitary hormone deficiencies will need to start hormone
replacement as per standard of care of patients with hypopituitarism [12].
Lymphocytic hypophysitis is most frequently associated with ACTH deficiency, and
hydrocortisone replacement must be started before levothyroxine replacement if the
patient has concurrent TSH deficiency (Table 17.2).

If hydrocortisone is started during pregnancy, it should be considered that
patients with adrenal insufficiency have higher glucocorticoid requirements during
the third trimester because of the physiological increase of free cortisol during ges-
tation and estrogen-induced increase in cortisol-binding globulin [13]. Patients and
their families must be instructed about how to manage glucocorticoid replacement
if they become ill (sick day rules) and should be equipped with an emergency ste-
roid tag or card and a hydrocortisone injection kit [14]. Patients with established
adrenal insufficiency must also receive stress-dose hydrocortisone during delivery
to prevent an adrenal crisis [13]. Other possible triggering factors of adrenal crisis
include infections (e.g., gastrointestinal infections, respiratory infections, sepsis),
surgery, acute illness, fever, severe stress and pain (including severe anxiety,
bereavement), and physical trauma. It is important to emphasize that hydrocortisone
is inactivated by placental 11-B-hydroxysteroid dehydrogenase type 2, and therefore
it does not cross to the fetus. For this reason, its use during pregnancy and in the
emergency setting is safe [13].

About two-thirds of patients with hypophysitis and hypopituitarism will need
long-term hormone replacement, and new hormone deficiencies develop in ~20% of



214 A. Prete and R. Salvatori

cases during follow-up [3]. An improvement of the pituitary function over time can
be observed in up to 30% of cases of lymphocytic hypophysitis [2]. Therefore, all
patients should be regularly reassessed for the need of hormone replacement during
follow-up.

Observation

There is no convincing evidence that immunosuppressive treatment increases the
chances of recovery of the pituitary function or prevents the development of hypo-
pituitarism. Therefore, our approach to patients with suspected lymphocytic
hypophysitis who do not develop severe compressive symptoms (chiefly headaches
and visual disturbances) is to correct hormone deficiencies and manage them con-
servatively (Fig. 17.2). About 50% of patients will have a spontaneous improvement
of the radiological appearances over time; however, 10-40% of patients will relapse
or develop compressive symptoms during follow-up [2]. Therefore, we recommend
long-term clinical, laboratory, and radiological follow-up of patients who are man-
aged conservatively.

Hypopituitarism 50% Stable pituitary function
Replace pituitary hormone
deficiencies 30% Improved pituitary function
+

Monitor over time S
20% New-onset hormone deficiencies

No severe compressive 5o Radiological regression
o

symptoms

! Radiological progression
Conservative management 3o, adiological progressio

(clinical and radiological 10-40% Disease relapse

follow-up) = o .
5% Restitutio ad integrum
Consider active treatment
Severe compression . Clinical and radiological improvement
symptoms 90%
High-dose glucocorticoids
+

Clinical and radiological

follow-up 10% No improvement/

Disease progression

Fig. 17.2 Management of lymphocytic hypophysitis. The management of lymphocytic hypophy-
sitis depends on the presence of hypopituitarism and symptoms of sellar compression. Treatment
to reduce the swelling of the pituitary is usually needed in patients with severe headaches and
visual field defects, and it should be considered in patients who progress or relapse during follow-
up. The percentages reported in the figure are an approximation
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Immunosuppressive Treatment

High-dose glucocorticoids are required to reduce the pituitary swelling in patients
who relapse during follow-up or develop severe compressive symptoms such as
intense headaches and visual field defects. We recommend using a prednisolone-
equivalent dose of 20-60 mg/day, to be titrated and gradually tapered down over a
few months according to the clinical and radiological response (Fig. 17.2). The use
of dexamethasone is discouraged during pregnancy because it is not inactivated by
the placenta and can affect fetal development [13].

Most patients respond rapidly to immunosuppressive doses of glucocorticoids.
In the minority of patients who do not respond to or cannot tolerate high-dose glu-
cocorticoids, alternative treatment should be considered. Immunosuppressants such
as azathioprine, methotrexate, cyclosporin A, and rituximab (alone or in combina-
tion with glucocorticoids) have been used successfully in cases of lymphocytic
hypophysitis [8]. Stereotactic radiotherapy (radiosurgery of the pituitary) has also
been proven to be effective in selected cases [15]. Pituitary surgery should be con-
sidered only as the last resort in patients not responding to medical treatment that
develop rapidly progressive and debilitating compressive symptoms. Patients who
are referred for surgery must be managed by a neurosurgeon with extensive exper-
tise in pituitary surgery.

Conclusion

Lymphocytic hypophysitis is a rare but potentially life-threatening cause of hypopi-
tuitarism. It commonly affects women during pregnancy or the postpartum period.
Patients typically present with adrenal insufficiency, which must be promptly diag-
nosed and treated to prevent adrenal crisis and adverse pregnancy outcomes for both
the mother and fetus. Other common hormone abnormalities are TSH and gonado-
tropin deficiency. Central diabetes insipidus is less frequent, but it can be the only
presenting symptom. In about half of the patients with lymphocytic hypophysitis
and no significant symptoms of sellar compression, the inflammation of the pitu-
itary resolves spontaneously over a few months, but hypopituitarism persists in
most cases. High-dose glucocorticoids can help in achieving a rapid reduction of the
size of the pituitary in patients with severe headaches or visual field defects. Relapse
is common, and patients need long-term clinical and radiological follow-up.
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Chapter 18 m
Sheehan Syndrome

Check for
updates

Zuleyha Karaca and Fahrettin Kelestimur

Case Presentation

A T74-year-old female patient was admitted to the emergency department with the
complaints of fatigue, nausea, vomiting, and clouding of consciousness. On physi-
cal examination blood pressure and pulse rate were 80/50 mmHg and 60/min,
respectively. Her skin was pale in appearance.

Laboratory examination revealed severe hyponatremia (Na, 111 mmol/L), low
free T4, and inappropriately low TSH level compatible with secondary hypothy-
roidism. The patient was given i.v. prednisolone after taking blood samples for cor-
tisol. After correction of hyponatremia with saline infusion, she became conscious.

The past history revealed hypothyroidism that was diagnosed 10 years ago and
treated with L-thyroxine. However, she had discontinued the treatment for the
last 1 year.

The patient had five children. When she was 39 years of age, she had a postpar-
tum massive uterine bleeding following a stillbirth. The patient did not have any
menstrual cycles after that time.

Her hormone levels, taken before prednisolone replacement, were compatible
with hypopituitarism (Table 18.1). Pituitary MRI revealed an empty sella (Fig. 18.1).
When the history of massive uterine bleeding following a stillbirth and postpartum
amenorrhea was combined with the findings of hypopituitarism and an empty sella
appearance on MRI, the patient was diagnosed as having Sheehan syndrome (SS).
Hydrocortisone and L-thyroxine treatments were commenced.
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Table 18.1 Hormone values Hormones Normal references Value of the patient
of the case presentation Free T4 0.93-1.97 ng/ml 07

TSH 0.27-4.20 plU/mL 4.3

Cortisol 6.2-18 pg/dl 1.9

ACTH 0-46 pg/ml 12

IGF-1 115-307 ng/ml <15

FSH 23-116 mIU/ml 7

LH 23-116 mIU/mL 3

Estradiol 12-233 pg/ml <5

PRL 4.7-23.3 ng/ml 7.7

Fig. 18.1 Sagittal (left panel) and coronal (right panel) T1-weighted gadolinium-enhanced images
showing an empty sella appearance

Introduction

Sheehan syndrome was first described by Harold Leeming Sheehan in 1937 as post-
partum pituitary necrosis due to severe obstetric hemorrhage [1]. SS is the most
common cause of hypopituitarism in females in underdeveloped and developing
countries [2]. The prevalence of SS among patients with GH deficiency or hypopi-
tuitarism has been reported as 3.1% to 8%, respectively [3, 4]. The risk may be
higher in underdeveloped or developing countries due to an increased number of
home deliveries and unavailability to access modern obstetrical care everywhere.
However, SS can occur despite provision of optimal obstetrical care [5, 6]. Although
rare, immigration from low-income to the high-income countries, lack of awareness
of this problem due to insufficient medical education in the medical community,
increasing economic problems, and inadequate healthcare delivery even in modern
societies lead to the continued presence of SS in Western societies.
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Pathogenesis

The pituitary tissue is susceptible to ischemia due to its highly vascularized struc-
ture [7]. Postpartum hemorrhage leading to severe hypotension and shock is the
underlying cause of postpartum pituitary necrosis. Pituitary gland enlargement dur-
ing pregnancy, small size of sella turcica, vasospasm, thrombosis, and coagulation

abnormalities are predisposing factors for postpartum necrosis of the pituitary gland
(Fig. 18.2) [8, 9]

Physiologically enlarged
pituitary gland

Genetic predisposition Small sella size

—

Pituitary gland
susceptible to
ischemia
Coagulation / Hyperlipidemia
abnormalities
[ Postpartum bleeding/severe hypotension/shock ]

[ Pituitary infarction/necrosis-Hypothalamic damage ]

Sequestered Empty sella
pituitary antigens

Hypopituitarism

( Failure of lactation and

v failure of mensturation)

[ Systemic circulation ]

Autoimmunity ———»[ Late hypopituitarism }

Fig. 18.2 Proposed pathophysiology of Sheehan syndrome
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Although factors such as anemia, obesity, and advanced maternal age predispose
to postpartum hemorrhage [10], it may still occur despite the absence of these risk
factors. A blood loss of 500 ml after a vaginal delivery or 750—1000 ml after a cae-
sarian section is accepted as postpartum hemorrhage; a massive postpartum hemor-
rhage is defined as the loss of >2000 ml of blood [11]. A normal blood pressure can
usually be maintained up to blood losses of 1000-1500 ml, but if untreated
>500-1000 ml of fluid loss in the first 24 h of delivery might also cause SS [12].
Decreased blood pressure may cause arterial vasospasm further deteriorating the
blood flow of the pituitary. A smaller than normal sella turcica size may lead to the
compression of the hypophyseal arteries against the wall of the sella turcica and
diaphragma sella [13, 14]. Disseminated intravascular coagulation (DIC) and
genetic factors associated with coagulation abnormalities can also contribute to the
development of SS [15-17]. SS without any obvious postpartum blood loss is very
rare, but unfortunately prompt treatment of hypovolemic shock and DIC may not
always prevent its occurrence. Familial hyperlipidemia has recently been suggested
as a risk factor for developing SS [18].

The necrosis of the pituitary gland leads to mainly anterior and rarely posterior
hypopituitarism [19]. Pituitary dysfunction may slowly progress even years after
the initial insult. An autoimmune process might also be involved in the progression
of pituitary dysfunction. Whether the autoantibodies against the pituitary gland and
hypothalamus in patients with SS are a cause or a consequence is not clarified yet
[20, 21]. Tissue necrosis itself can also trigger autoimmunity and may cause delayed
hypopituitarism. In the chronic phase of the syndrome, the necrotic tissue is replaced
by a fibrous scar which is followed by atrophy of the gland resulting in an empty
sella appearance [12].

Clinical Manifestations

Diagnosis of SS is based on clinical, laboratory, and imaging findings. A proper his-
tory from the patient is critical to diagnose and define the etiology of hypopituita-
rism. The essential diagnostic criteria of SS are (i) history of severe postpartum
hemorrhage, (ii) varying degrees of pituitary insufficiency, (iii) a partially or com-
pletely empty sella on imaging; nonessential but strongly suggestive criteria are (iv)
severe hypotension or shock during index delivery, (v) postpartum amenorrhea, and
(vi) failure of postpartum lactation [22].

Loss of growth hormone (GH) secretion is seen in 93—100% of patients and PRL
in 71-100% [23]. Gonadotropin (follicle-stimulating hormone (FSH) and luteiniz-
ing hormone (LH)) and thyrotropin (TSH) deficiencies occur in a significant per-
centage of patients followed by corticotropin (ACTH) deficiency [24, 25].
Panhypopituitarism is very common in SS, albeit preservation of one or more hor-
mone axes can also be seen [13, 26, 27]. The discrepancy in degrees of pituitary
dysfunction among different studies may be explained by variable times of diagnos-
tic delay.
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Although the great majority of the patients with SS are diagnosed some years
after the first event complicated by severe vaginal bleeding, a few patients may be
diagnosed acutely just after the delivery, and it may be fatal if the patient remains
undiagnosed and untreated. Acute presentation of SS is characterized by headache,
loss of consciousness, visual disturbances, failure of lactation, and clinical findings
of acute adrenal insufficiency, such as fatigue, nausea, and vomiting [27]. In con-
trast to the appearance of an empty sella as a diagnostic finding on pituitary mag-
netic resonance imaging (MRI) in chronic cases, acute SS is characterized by a large
intrasellar mass with superior extension and enlarged pituitary gland on MRI [28].
A patient with undiagnosed SS may present with an unremitting headache in the
early postpartum period. For this reason, SS should be taken into account in the dif-
ferential diagnosis of headache developing in the early postpartum period, when
associated with agalactia (absence of milk production) in particular [29]. One of the
first initial warning signs in the acute period of SS may be severe hyponatremia dur-
ing the postpartum period. Hyponatremia, especially if accompanied by unex-
plained headache in the postpartum period, should cause suspicion for SS, and
hormonal investigations should be performed [30].

However, most of the patients have nonspecific symptoms, and unfortunately
they are diagnosed years after delivery [8, 13, 26]. The diagnostic delay is reported
as 7-19 years [6, 13]. If the acute period is clinically silent, then the diagnosis can
be missed later in the following period due to insidious findings. One of the reasons
for the delay of diagnosis can be slow progression of damage in the pituitary over
time which may eventually cause a clinically detectable hypopituitarism [31].
Sometimes, intervening stress factors such as an infection or a surgery may unmask
the findings of a silent adrenal insufficiency [32]. As mentioned, the high prevalence
of nonspecific symptoms may lead to detect abnormalities which are not related to
the pituitary such as very low vitamin D level or macrocytic anemia. Some clinical
improvement of the patients after correction of these abnormalities may also delay
the diagnosis of SS [18]. Clinical findings of TSH and ACTH deficiencies and sub-
tle features of GH deficiency are common, but their absence does not rule out SS
since 10% of cases may be asymptomatic [9, 27]. A detailed obstetrical history
including the number of births, stillbirths, miscarriages, postpartum bleeding, post-
partum agalactia, and amenorrhea from all female patients may help detect almost
all cases with SS. This is very commonly ignored in daily clinical practice espe-
cially if the patient is of postmenopausal age. Awareness of gynecologists about SS
is also critical since some of the patients may be referred due to amenorrhea.

On physical examination, sparse axillary and pubic hair, atrophy of the breast, a
typical appearance of looking older than the chronological age, increased fine wrin-
kling around mouth and eyes, hypopigmentation, dry skin, slowing of reflexes, and
bradycardia can be detected. Sometimes acute presentations of adrenal crisis or
myxedema coma triggered by infection, surgery, or trauma can be seen [9].

Late presentations of SS may include hyponatremia and related findings such as
nausea, vomiting, cognitive changes, and sometimes death [23, 27, 33]. In a study
from Nigeria, hyponatremia was reported in 20% of the patients with SS [34].
Hypokalemia, hypomagnesemia, hypocalcemia, and hypophosphatemia are other
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electrolyte abnormalities that also can be seen [23]. Hypocortisolemia stimulates
arginine vasopressin (AVP) secretion via corticotropin-releasing hormone (CRH) in
addition to the resultant hypotension and decreased cardiac output [35]. Inappropriate
secretion of antidiuretic hormone was clearly documented in SS patients presenting
with hyponatremia [36]. Hypocortisolemia and hypothyroidism decrease free water
clearance independent from AVP. It has been demonstrated that GH and PRL defi-
ciencies can also be associated with hyponatremia [23].

Rarely polyuria and polydipsia due to diabetes insipidus can be seen in SS [13].
Studies regarding posterior pituitary function are limited. In a study including 27
patients with SS and 16 healthy controls, posterior pituitary function was investi-
gated by water deprivation testing and hypertonic saline infusion. None of the
patients had frank diabetes insipidus while they were on adequate replacement ther-
apy, and approximately 30% of the patients had partial diabetes insipidus. It was
suggested that the thirst center might be affected by ischemic damage and the
osmotic threshold for the onset of thirst is increased in SS [19]. Karaca et al. from
the same center confirmed these results and demonstrated that SS is characterized
by subtle abnormalities in posterior pituitary functions and that GH replacement
therapy has no effect on posterior pituitary functions in SS [37]. It is not surprising
that posterior pituitary functions may be disturbed even if mild in SS, because neu-
rohypophysis and hypothalamic nuclei are affected in over 90% of the patients with
postpartum pituitary necrosis [38, 39].

Clinical symptoms related to hypoglycemia can also be seen as a result of ACTH,
TSH, and GH deficiencies [40]. Although the underlying mechanism is not clear,
the patient with SS may present with psychiatric problems including delusions, hal-
lucinations, aggressive behavior, depression and disorientation, fluctuations in cog-
nition, and bradykinesia, and appropriate hormone replacement therapy dramatically
improves these manifestations [41, 42]. Hypoglycemia, electrolyte abnormalities,
and disturbed cognitive function may all play a role in these findings. Delayed
recovery after general anesthesia has recently been reported in a patient with
SS [43].

Hematological abnormalities such as anemia (45-87%), thrombocytopenia
(63-105%), pancytopenia (15%), and coagulation disorders are common in patients
with SS [26, 44]. Anemia is usually normochromic normocytic, but it can also be
hypochromic microcytic or rarely macrocytic [45]. Secondary hypothyroidism,
hypocortisolemia, and GH deficiency may affect marrow function and erythropoi-
esis, which are suggested to be involved in the development of anemia. Pancytopenia
associated with bone marrow hypoplasia can be seen. These effects are reversible
after replacement of the deficient hormones [44]. Factor VIII and von Willebrand
factor deficiencies, decreased prothrombin time and activated prothrombin time,
and increased fibrinogen and D-dimer levels can be seen [15], although a case of SS
with pancytopenia and hypercoagulopathy presenting as myxedema coma has also
been reported [46].

The prevalence of osteoporosis is increased in SS when compared with those of
age-matched controls [47]. In a study from India including 38 patients, low bone
mass (bone mineral density (BMD Z-score < —1) and severely low bone mass
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(BMD Z-score < —2) were reported as 80% and 44%, respectively [48]. In an Indian
study, 58% of patients with SS had osteopenia, and 37% had osteoporosis at the
lumbar spine. There was a significant inverse relationship between BMD and dura-
tion of the disease [49]. Chihaoui et al. found osteopenia in 41.7% and osteoporosis
in 35.0% of 60 patients with SS. When compared to 60-year-age-, height-, and
weight-matched control women, BMD was significantly lower in patients with SS
with more common involvement of the lumbar spine. The duration of the disease
and the daily dose of hydrocortisone were independently and inversely associated
with BMD at the femoral neck [50]. de Sa Cavalcante et al., in a case-control study,
have found some morphological changes compatible with the possibly a state of
reduced BMD in some part of mandibular regions by using a custom computer pro-
gram in 30 patients with SS [51].

A number of factors like gonadal and growth hormone deficiency and others may
be involved in the pathogenesis of osteoporosis in SS. In a cross-sectional study, 83
patients with SS were reported to have significantly lower BMD, and 19 of them
who were prospectively followed up showed significant improvement in BMD of
the lumbar spine, in particular, after a year of estrogen replacement and calcium and
vitamin D3 supplementation [52]. Besides low BMD, SS is associated with lower
serum calcium and ALP levels and higher phosphorus and parathyroid hormone
(PTH) levels when compared to healthy subjects [53].

Sheehan syndrome is characterized by severe and long-standing GH deficiency
(GHD). We conducted a prospective study in 14 severely GH-deficient patients with
SS in order to determine the effects of GH in some clinical, biochemical, anthropo-
metric measurements and BMD before and at 3, 6, 12, and 18 months of the GH
replacement. Hormone deficiencies other than GH were appropriately replaced. GH
replacement did not cause any significant changes in BMD including the lumbar
spine and femur neck [54].

The possible mechanisms responsible for osteoporosis seen in SS may be hypo-
gonadism, inappropriately high dosage of corticosteroid replacement, GHD and
disorders of parathyroid hormone, and calcium metabolism. But the contribution of
each anterior pituitary hormone deficiency on bone loss should be clarified in fur-
ther prospective studies.

Diagnosis

The initial step for the diagnosis of SS is the measurement of basal hormone levels,
and stimulation tests may be required when basal hormone levels are borderline.
In most patients, baseline FSH and LH levels are inappropriately low in relation
to estradiol levels, and, if performed, LH levels do not increase after stimulation by
gonadotropin-releasing hormone [8]. A basal morning cortisol level of <3 pg/dl or
>15-18 pg/dl is compatible with insufficiency and sufficiency of the HPA axis,
respectively. However dynamic testing with ACTH stimulation (not in the acute
phase) and/or an insulin tolerance test (ITT) or a glucagon stimulation test (GST)
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can also be used, and the latter two tests also allow interrogation of the GH
axis [55].

Secondary hypothyroidism is characterized by normal, decreased, or slightly
increased levels of TSH despite low free T4 levels. TRH stimulation testing, in
general, is not required, but failed TSH responses are seen in cases of TSH deficiency
[56]. In patients with low IGF-1 and at least three accompanying hormone
deficiencies it can be consistent with GH deficiency. Otherwise, ITT or GST may
help diagnose GH deficiency.

Radiological Findings

Pituitary MRI is the preferred method of radiological imaging in SS. In the acute
phase, an enlarged nonhemorrhagic pituitary gland with central infarction can be
observed [57, 58]. The pituitary gland shrinks within several weeks, and further
progressive atrophy leads to an empty sella appearance in the following years. Since
most cases are diagnosed several years after delivery, patients with SS have a par-
tially (25-30%) or completely (70-75%) empty sella on imaging studies [13, 24,
59, 60]. However, the degree of empty sella is not always correlated with the sever-
ity of hypopituitarism.

SS can be difficult to differentiate from lymphocytic hypophysitis in the immedi-
ate postpartum period since both may lead to hypopituitarism and pituitary enlarge-
ment. However, the presence of diabetes insipidus, association with other
autoimmune disorders, loss of corticotropic cell function first, and hyperprolac-
tinemia are findings in favor of lymphocytic hypophysitis. History of severe post-
partum hemorrhage and failure of postpartum lactation favors a diagnosis of SS [8].

Management

The treatment of SS involves replacement of deficient pituitary hormones. Since
partial hypopituitarism may show progression, pituitary function should be evalu-
ated at regular intervals. Glucocorticoid replacement in ACTH deficiency,
L-thyroxine in TSH deficiency, estrogen and progesterone in hypogonadal pre-
menopausal patients, and GH replacement in selected GH-deficient patients are
required.

In acute cases where there is a high suspicion of adrenal insufficiency, glucocor-
ticoid therapy should be initiated promptly after obtaining serum samples for corti-
sol determination. The adverse effects of glucocorticoid overtreatment should be
regularly monitored, and the dose should be adjusted [8]. The more commonly used
glucocorticoid as a replacement are hydrocortisone and prednisone. Dual-release
hydrocortisone (a tablet with an immediate-release coating surrounding an extended-
release core) [61] and a continuous subcutaneous hydrocortisone infusion pump are
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novel treatment options [62] which may provide a more physiological replacement
[63]. The dose needs to be increased in cases of stress, and parenteral replacement
at stress doses is required during surgery, trauma, and severe infections. It should
also be kept in mind that replacement of other hormones such as thyroid hormone
or GH may affect the needed glucocorticoid dose [63].

L-thyroxine dose should be titrated according to free T4 levels, for example, to
the upper half of the normal range if appropriate, rather than TSH [56]. GH replace-
ment may increase T4-T3 transformation and increase the need of T4 dose.

In a study including patients from 19 mostly developed countries, GH deficiency
has been found more severe when compared to nonfunctional pituitary adenoma
patients, and GH replacement therapy was found to improve QoL, cognitive func-
tion, dyslipidemia, and body composition [25, 54, 64]. GH replacement may also
have some beneficial effects on the skin [65] and sympathovagal balance [66], but
not on sleep [67] or BMD [54].

In patients with a desire for fertility, ovulation induction can be used, but sponta-
neous pregnancies may rarely be seen [68].

If present, diabetes insipidus can be treated with desmopressin.

Conclusion

Sheehan syndrome is a rare and, unfortunately, underrecognized condition due to
nonspecific symptoms and signs, as in other causes of hypopituitarism. However, a
proper obstetrical and postpartum history of each patient will raise the suspicion
and identify most. Once suspected, the diagnosis is confirmed with appropriate hor-
monal investigations and a pituitary MRI, with the typical appearance of an empty
sella. Treatment involves replacement of deficient hormones as glucocorticoids,
L-thyroxine, and if appropriate estrogen and progesterone and GH in selected
patients. More rarely an acute presentation of SS may occur, and prompt diagnosis
and treatment with glucocorticoids become vital. Long-term follow-up for an ade-
quate replacement therapy and monitorization of over- or undertreatment are also
critical. The awareness of the medical community about SS especially in developed
countries should be taken into consideration.

References

1. Sheehan HL. Postpartum necrosis of the anterior pituitary. J Pathol Bacteriol. 1937;45:189-214.

2. Tanriverdi F, Dokmetas HS, Kebapci N, Kilicli F, Atmaca H, Yarman S, et al. Etiology of
hypopituitarism in tertiary care institutions in Turkish population: analysis of 773 patients
from Pituitary Study Group database. Endocrine. 2014;47:198-205.

3. Abs R, Bengtsson BA, Hernberg-Stahl E, Monson JP, Tauber JP, Wilton P, et al. GH replace-
ment in 1034 growth hormone deficient hypopituitary adults: demographic and clinical char-
acteristics, dosing and safety. Clin Endocrinol. 1999;50:703-13.



226 7. Karaca and F. Kelestimur

4. Elumir-Mamba LASAS, AA, Fonte JS, Mercado Asis LB. Clinical profile and etiology of hypo-
pituitarism at the University of Santa Thomas Hospital. Philip J Intern Med. 2010;48:23-7.

5. Kristjansdottir HL, Bodvarsdottir SP, Sigurjonsdottir HA. Sheehan’s syndrome in modern
times: a nationwide retrospective study in Iceland. Eur J Endocrinol. 2011;164:349-54.

6. Ramiandrasoa C, Castinetti F, Raingeard I, Fenichel P, Chabre O, Brue T, et al. Delayed
diagnosis of Sheehan’s syndrome in a developed country: a retrospective cohort study. Eur J
Endocrinol. 2013;169:431-8.

7. Tessnow AH, Wilson JD. The changing face of Sheehan’s syndrome. Am J Med Sci.
2010;340:402-6.

8. Karaca Z, Laway BA, Dokmetas HS, Atmaca H, Kelestimur F. Sheehan syndrome. Nat Rev
Dis Primers. 2016;2:16092.

9. Kelestimur F. Sheehan’s syndrome. Pituitary. 2003;6:181-8.

10. Weeks A. The prevention and treatment of postpartum haemorrhage: what do we know, and
where do we go to next? BJOG. 2015;122:202-10.

11. Joseph KS, Rouleau J, Kramer MS, Young DC, Liston RM, Baskett TF. Investigation of an
increase in postpartum haemorrhage in Canada. BJOG. 2007;114:751-9.

12. Matsuwaki T, Khan KN, Inoue T, Yoshida A, Masuzaki H. Evaluation of obstetrical factors
related to Sheehan syndrome. J Obstet Gynaecol Res. 2014;40:46-52.

13. Diri H, Tanriverdi F, Karaca Z, Senol S, Unluhizarci K, Durak AC, et al. Extensive investi-
gation of 114 patients with Sheehan’s syndrome: a continuing disorder. Eur J Endocrinol.
2014;171:311-8.

14. Sherif IH, Vanderley CM, Beshyah S, Bosairi S. Sella size and contents in Sheehan’s syn-
drome. Clin Endocrinol. 1989;30:613-8.

15. Altintas A, Tumer C, Demircin M, Cil T, Bayan K, Danis R, et al. Prothrombin time, activated
thromboplastin time, fibrinogen and D-dimer levels and von-Willebrand activity of patients
with Sheehan’s syndrome and the effect of hormone replacement therapy on these factors.
UHOD - Uluslararasi Hematoloji-Onkoloji Dergisi. 2010;20:212-9.

16. Erez O, Mastrolia SA, Thachil J. Disseminated intravascular coagulation in pregnancy: insights
in pathophysiology, diagnosis and management. Am J Obstet Gynecol. 2015;213:452-63.

17. Gokalp D, Tuzcu A, Bahceci M, Ayyildiz O, Yurt M, Celik Y, et al. Analysis of thrombophilic
genetic mutations in patients with Sheehan’s syndrome: is thrombophilia responsible for the
pathogenesis of Sheehan’s syndrome? Pituitary. 2011;14:168-73.

18. Armstrong NCRM. Sheehan’s syndrome: a syndrome becoming rare due to improved obstetric
care. Irish Med J. 2020;113:166.

19. Atmaca H, Tanriverdi F, Gokce C, Unluhizarci K, Kelestimur F. Posterior pituitary function in
Sheehan’s syndrome. Eur J Endocrinol. 2007;156:563-7.

20. De Bellis A, Kelestimur F, Sinisi AA, Ruocco G, Tirelli G, Battaglia M, et al. Anti-hypothalamus
and anti-pituitary antibodies may contribute to perpetuate the hypopituitarism in patients with
Sheehan’s syndrome. Eur J Endocrinol. 2008;158:147-52.

21. Goswami R, Kochupillai N, Crock PA, Jaleel A, Gupta N. Pituitary autoimmunity in patients
with Sheehan’s syndrome. J Clin Endocrinol Metab. 2002;87:4137-41.

22. Diri H, Karaca Z, Tanriverdi F, Unluhizarci K, Kelestimur F. Sheehan’s syndrome: new insights
into an old disease. Endocrine. 2016;51:22-31.

23. Lim CH, Han JH, Jin J, Yu JE, Chung JO, Cho DH, et al. Electrolyte imbalance in patients with
Sheehan’s syndrome. Endocrinol Metab (Seoul). 2015;30:502-8.

24. Gokalp D, Alpagat G, Tuzcu A, Bahceci M, Tuzcu S, Yakut F, et al. Four decades without
diagnosis: Sheehan’s syndrome, a retrospective analysis. Gynecol Endocrinol. 2016;32:904-7.

25. Kelestimur F, Jonsson P, Molvalilar S, Gomez JM, Auernhammer CJ, Colak R, et al. Sheehan’s
syndrome: baseline characteristics and effect of 2 years of growth hormone replacement
therapy in 91 patients in KIMS — Pfizer International Metabolic Database. Eur J Endocrinol.
2005;152:581-7.

26. Dokmetag HS, Kilicli F, Korkmaz S, Yonem O. Characteristic features of 20 patients with
Sheehan’s syndrome. Gynecol Endocrinol. 2006;22:279-83.



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Sheehan Syndrome 227

Gei-Guardia O, Soto-Herrera E, Gei-Brealey A, Chen-Ku CH. Sheehan syndrome in Costa
Rica: clinical experience with 60 cases. Endocr Pract. 2011;17:337-44.

Matsuzaki S, Endo M, Ueda Y, Mimura K, Kakigano A, Egawa-Takata T, et al. A case of acute
Sheehan’s syndrome and literature review: a rare but life-threatening complication of postpar-
tum hemorrhage. BMC Pregnancy Childbirth. 2017;17:188.

Sethuram R, Guilfoil DS, Amori R, Kharlip J, Berkowitz KM. Sheehan syndrome: an unusual
presentation without inciting factors. Women’s Health Rep. 2020;1:287-92.

Windpessl M, Karrer A, Schwarz C. Acute hyponatremia in puerperium: Sheehan’s syndrome.
Am J Med. 2018;131:e147-8.

Sert M, Tetiker T, Kirim S, Kocak M. Clinical report of 28 patients with Sheehan’s syndrome.
Endocr J. 2003;50:297-301.

Taniguchi J, Sugawara H. Adrenal crisis precipitated by influenza A led to the diagnosis of
Sheehan’s syndrome 18 years after postpartum hemorrhage. Clin Case Rep. 2020;8:3082-7.
Kurtulmus N, Yarman S. Hyponatremia as the presenting manifestation of Sheehan’s syn-
drome in elderly patients. Aging Clin Exp Res. 2006;18:536-9.

Azeez T, Esan A, Balogun W, Adeleye J, Akande T. Sheehan’s syndrome: a descriptive case
series from a developing country. J Clin Mol Endocrinol. 2020;5:16.

Oelkers W. Hyponatremia and inappropriate secretion of vasopressin (antidiuretic hormone) in
patients with hypopituitarism. N Engl J Med. 1989;321:492-6.

Boulanger E, Pagniez D, Roueff S, Binaut R, Valat AS, Provost N, et al. Sheehan syndrome
presenting as early post-partum hyponatraemia. Nephrol Dial Transplant. 1999;14:2714-5.
Karaca Z, Tanriverdi F, Atmaca H, Unluhizarci K, Kelestimur F. Posterior pituitary functions
are not altered after growth hormone replacement therapy in hypopituitarism due to Sheehan’s
syndrome. Growth Hormon IGF Res. 2012;22:146-9.

Sheehan HL, Whitehead R. The neurohypophysis in post-partum hypopituitarism. J Pathol
Bacteriol. 1963;85:145-69.

Whitehead R. The hypothalamus in post-partum hypopituitarism. J Pathol Bacteriol.
1963;86:55-67.

Ozbey N, Inanc S, Aral F, Azezli A, Orhan Y, Sencer E, et al. Clinical and laboratory evaluation
of 40 patients with Sheehan’s syndrome. Isr J Med Sci. 1994;30:826-9.

de Silva NL. Sheehan syndrome presenting with psychotic manifestations mimicking
schizophrenia in a young female: a case report and review of the literature. Neurol Sci.
2020;2020:8840938.

Yoo SW, Park SJ, Kim JS. Sheehan syndrome mimicking dementia with Lewy bodies. Neurol
Sci. 2019;40:875-7.

Choudhary G, Soni S, Mohammed S. Sheehan’s syndrome: a rare cause of delayed recovery
after anesthesia. J Obstet Anaesth Crit Care. 2020;10:58-60.

Laway BA, Mir SA, Bashir MI, Bhat JR, Samoon J, Zargar AH. Prevalence of hematological
abnormalities in patients with Sheehan’s syndrome: response to replacement of glucocorti-
coids and thyroxine. Case Rep Endocrinol. 2011;14:39-43.

Gokalp D, Tuzcu A, Bahceci M, Arikan S, Bahceci S, Pasa S. Sheehan’s syndrome as a rare
cause of anaemia secondary to hypopituitarism. Ann Hematol. 2009;88:405-10.
Mylliemngap B, Swain S, Vyas S, Kumar P. Myxedema coma, pancytopenia, and hypo-
coagulopathy: a rare presentation of Sheehan’s syndrome. Indian J Endocrinol Metab.
2019;23:268-9.

Yoo JM, Kim SJ, Choi KM, Baik SH, Choi DS, Lee EJ, et al. Changes in bone mineral density
in patients with Sheehan’s syndrome. J Korean Endocr Soc. 1994;9:10-7.

Mandal S, Mukhopadhyay P, Banerjee M, Ghosh S. Clinical, endocrine, metabolic profile, and
bone health in Sheehan’s syndrome. Indian J Endocrinol Metab. 2020;24:338—42.

Gomez R, Yadav S, Bhatia E. Predictors of bone mineral density in patients with Sheehan’s
syndrome. Indian J Endocrinol Metab. 2012;16:313—4.



228 7. Karaca and F. Kelestimur

50. Chihaoui M, Yazidi M, Chaker F, Belouidhnine M, Kanoun F, Lamine F, et al. Bone mineral
density in Sheehan’s syndrome; prevalence of low bone mass and associated factors. J Clin
Densitom. 2016;19:413-8.

51. de Sa CD, da Silva Castro MG, Quidute ARP, Martins MRA, Cid A, de Barros Silva PG,
et al. Evaluation of bone texture imaging parameters on panoramic radiographs of patients
with Sheehan’s syndrome: a STROBE-compliant case-control study. J Bone Miner Metab.
2019;30:2257-69.

52. Agarwal P, Gomez R, Bhatia E, Yadav S. Decreased bone mineral density in women with
Sheehan’s syndrome and improvement following oestrogen replacement and nutritional sup-
plementation. J Bone Miner Metab. 2019;37:171-8.

53. Gokalp D, Tuzcu A, Bahceci M, Arikan S, Ozmen CA, Cil T. Sheehan’s syndrome and its
impact on bone mineral density. Gynecol Endocrinol. 2009;25:344-9.

54. Tanriverdi F, Unluhizarci K, Kula M, Guven M, Bayram F, Kelestimur F. Effects of 18-month
of growth hormone (GH) replacement therapy in patients with Sheehan’s syndrome. Growth
Hormon IGF Res. 2005;15:231-7.

55. Simsek Y, Karaca Z, Tanriverdi F, Unluhizarci K, Selcuklu A, Kelestimur F. A comparison
of low-dose ACTH, glucagon stimulation and insulin tolerance test in patients with pituitary
disorders. Clin Endocrinol. 2015;82:45-52.

56. Atmaca H, Tanriverdi F, Gokce C, Unluhizarci K, Kelestimur F. Do we still need the TRH
stimulation test? Thyroid. 2007;17:529-33.

57. Dejager S, Gerber S, Foubert L, Turpin G. Sheehan’s syndrome: differential diagnosis in the
acute phase. J Intern Med. 1998;244:261-6.

58. Furnica RM, Gadisseux P, Fernandez C, Dechambre S, Maiter D, Oriot P. Early diagnosis of
Sheehan’s syndrome. Anaesth Crit Care Pain Med. 2015;34:61-3.

59. Du GL, Liu ZH, Chen M, Ma R, Jiang S, Shayiti M, et al. Sheehan’s syndrome in Xinjiang:
clinical characteristics and laboratory evaluation of 97 patients. Hormones. 2015;14:660-7.

60. Laway B, Misgar R, Mir S, Wani A. Clinical, hormonal and radiological features of partial
Sheehan’s syndrome: an Indian experience. Arch Endocrinol Metab. 2016;60:125-9.

61. Nilsson AG, Marelli C, Fitts D, Bergthorsdottir R, Burman P, Dahlqvist P, et al. Prospective
evaluation of long-term safety of dual-release hydrocortisone replacement administered once
daily in patients with adrenal insufficiency. Eur J Endocrinol. 2014;171:369-77.

62. Oksnes M, Bjornsdottir S, Isaksson M, Methlie P, Carlsen S, Nilsen RM, et al. Continuous
subcutaneous hydrocortisone infusion versus oral hydrocortisone replacement for treatment of
addison’s disease: a randomized clinical trial. J Clin Endocrinol Metab. 2014;99:1665-74.

63. Fleseriu M, Hashim IA, Karavitaki N, Melmed S, Murad MH, Salvatori R, et al. Hormonal
replacement in hypopituitarism in adults: an Endocrine Society clinical practice guideline. J
Clin Endocrinol Metab. 2016;101:3888-921.

64. Golgeli A, Tanriverdi F, Suer C, Gokce C, Ozesmi C, Bayram F, et al. Utility of P300 auditory
event related potential latency in detecting cognitive dysfunction in growth hormone (GH)
deficient patients with Sheehan’s syndrome and effects of GH replacement therapy. Eur J
Endocrinol. 2004;150:153-9.

65. Tanriverdi F, Borlu M, Atmaca H, Koc CA, Unluhizarci K, Utas S, et al. Investigation of
the skin characteristics in patients with severe GH deficiency and the effects of 6 months
of GH replacement therapy: a randomized placebo controlled study. Clin Endocrinol.
2006;65:579-85.

66. Tanriverdi F, Eryol NK, Atmaca H, Unluhizarci K, Ozdogru I, Sarikaya I, et al. The effects of
12 months of growth hormone replacement therapy on cardiac autonomic tone in adults with
growth hormone deficiency. Clin Endocrinol. 2005;62:706—12.

67. Ismailogullari S, Tanriverdi F, Kelestimur F, Aksu M. Sleep architecture in Sheehan’s syndrome
before and 6 months after growth hormone replacement therapy. Psychoneuroendocrinology.
2009;34:212-9.

68. Karaca Z, Kelestimur F. Pregnancy and other pituitary disorders (including GH deficiency).
Best Pract Res Clin Endocrinol Metab. 2011;25:897-910.



Part IV
Optimizing Health for Adults with
Pituitary Disorders



®

Check for
updates

Chapter 19

A Pragmatic Clinical

and Pathophysiological Approach
to Growth Hormone Replacement
in the Adult Patient

Kevin C. J. Yuen

Introduction

Adult growth hormone deficiency (GHD) is a well-defined clinical entity character-
ized by adverse metabolic abnormalities, including decreased lean body mass,
increased fat mass, dyslipidemia, cardiac dysfunction, decreased muscle strength
and exercise capacity, decreased bone mineral density (BMD), insulin resistance,
and impaired quality of life (QoL) [1]. Adult patients can either present as childhood-
onset GHD (CO-GHD) that persists into adulthood or adult-onset GHD (AO-GHD)
[2]. Untreated GHD has been hypothesized to contribute to the excess morbidity
and mortality associated with hypopituitarism [3, 4], although under- [5] or over-
treatment [6] of glucocorticoid replacement for secondary adrenal insufficiency and
the etiology of the hypothalamic-pituitary disease (e.g., Cushing disease and cranio-
pharyngioma) are also important factors [7].

The intention to treat adult GHD often requires sound clinical judgment and
careful assessment of the benefits and risks specific to each individual patient. Much
clinical experience has been gained regarding the utilization of thGH therapy in
adults with GHD with benefits documented mainly in body composition, bone
health, cardiovascular risk factors, and quality of life (QoL) [2], but treatment costs
remain exorbitant (approximately $18,000 to $30,000 per year depending on the
dose and brand of thGH used) [8]. Studies have reported the long-term safety of
rhGH replacement in adults with GHD [9, 10], but whether this translates into
improvement in mortality remains debatable. Nonetheless, there are no data to sug-
gest that treatment increases cancer risk, secondary neoplasms, and hypothalamic-
pituitary tumor recurrence, whereas the risk of diabetes mellitus (DM) is less
consistent: increased in some [11, 12] but not in other [13, 14] studies.
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The purpose of this chapter is to provide case-based recommendations to clini-
cians who manage patients with CO-GHD transitioning from pediatric to adult-care
services and patients with AO-GHD, on assessment, screening, diagnostic testing,
treatment considerations, rhGH dosing regimens, and treatment monitoring
schedules.

Pathophysiology

Direct structural insults (e.g., expanding intrasellar mass compressing somatotroph
function), damaged hypothalamic-pituitary neuroendocrine pathways, inflamma-
tion, local vascular insufficiency resulting from surgery, radiation therapy, or head
trauma can lead to decreased GH secretion in adults. In CO-GHD, idiopathic is the
form that accounts for most individuals [2] (Table 19.1). By contrast, adult-onset
GHD (AO-GHD) is most often caused by direct damage to the hypothalamic-
pituitary region frequently the result of structural lesions and/or treatment of such
lesions with surgery and radiation [2] (Table 19.1). In the past decade, several sub-
populations of patients (e.g., traumatic brain injury, subarachnoid hemorrhage,
stroke, and central nervous system infections) have been described to be at risk of
adult GHD [2] (Table 19.1). For these patients, clinicians will need to be cognizant
in deciding on further biochemical testing to avoid its delayed diagnosis.

Case Presentations

Case 1

An 18-year-old female was diagnosed with isolated iCO-GHD after she presented
with short stature at the age of 3. The patient was born at term and her birth weight
is 2.8 kg with a height of 19 inches. Growth velocity slowing was noted at 18 months,
but she was otherwise a healthy child. Her pediatric endocrinologist commenced
her on rhGH therapy, and she grew to a final height of 67 inches (midparental height
68 inches). Six weeks after hGH was discontinued upon final height attainment,
she was retested with an insulin tolerance test (ITT) that demonstrated persistent
GHD. She now plans to move out of state to start college on a sports scholarship.
She admits being less than enthusiastic about resuming rhGH therapy and is won-
dering how this therapy will benefit her in the next 5 years of her life. Additionally,
as she now has a boyfriend, she would like to start on an oral contraceptive pill.

Diagnostic Testing and Monitoring
This patient has iCO-GHD, and when final height was attained at the age of 18,

rhGH therapy was appropriately discontinued by her pediatric endocrinologist.
Studies have shown that a substantial number of transition patients with iCO-GHD



19 A Pragmatic Clinical and Pathophysiological Approach to Growth Hormone... 233

Table 19.1 Etiologies of adult growth hormone deficiency

Acquired Pituitary hormone deficiencies = 3 and low IGF-1
Skull base lesions Congenital
Pituitary adenoma* Genetic
Craniopharyngioma* Transcription factor defects (PIT-1, PROP-1,
Rathke’s cleft cyst* LHX3/4, HESX-1, PITX-2)
Meningioma GHRH receptor-gene defects
Glioma/astrocytoma GH-gene defects
Neoplastic sellar and parasellar lesions GH-receptor/post-receptor defects
Chordoma Associated with brain structural defects
Hamartoma Single central incisor
Lymphoma Cleft lip/palate
Metastases Acquired causes
Other Perinatal insults
Brain injury

Traumatic brain injury*
Sports-related head trauma*
Blast injury*
Infiltrative/granulomatous disease
Langerhans cell histiocytosis
Autoimmune hypophysitis (primary,
secondary)
Sarcoidosis
Tuberculosis
Amyloidosis
Surgery to the sella, suprasellar, and
parasellar region*
Cranial irradiation’™
Central nervous system infections
Bacteria, viruses, fungi, parasites
Infarction/hemorrhage
Apoplexy
Sheehan’s syndrome
Subarachnoid hemorrhage
Ischemic stroke
Snake bite
Empty sella
Hydrocephalus
Idiopathic

Items marked with an asterisk (*) denote the more common causes of adult GHD seen in clinical
practice

(45-60%) can become GH-sufficient upon retesting after growth completion [2].
The reasons for this observation are unclear and may be related to the caveats of GH
stimulation tests and variable GH cut-points, a transient form of GHD where the
GH/IGF-I axis recovers over time, and addition of sex steroid replacement that aug-
ments endogenous GH secretion. Upon growth completion, transition patients are
recommended to undergo retesting with GH stimulation test/s after discontinuing
rhGH treatment for at least 1 month to identify individuals with persistent adult
GHD [2] (Fig. 19.1). Exceptions to retesting would be patients with a high
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Legend for GST

Treat if:

- peak GH < 3.0 pig/L in normal-weight (BMI < 25 kg/i’) patients

- peak GH< 3.0 pig/L in overweight (BMI 25-30 kg/ir) patients
with a high pretest probability

- peak GH < 1.0 pg/L in overweight (BMI 25-30 kg/m’) patients
with a low pretest probability

- peak GH < 1.0 jig/L in obese (BMI > 30 kg/’) patients

Fig.19.1 Algorithm for testing transition patients with clinical suspicion of GHD. (Abbreviations:
BMI, body mass index; GH, growth hormone; GHD, growth hormone deficiency; GST, glucagon
stimulation test; IGF-I, insulin-like growth factor;-I ITT, insulin tolerance test; PHD, pituitary
hormone deficiencies). (Adapted from Yuen et al. [2])

likelihood of GHD (e.g., suprasellar mass with previous surgery and cranial irradia-
tion and >3 pituitary hormone deficits, patients with genetic defects affecting the
hypothalamic-pituitary axes, and those with hypothalamic-pituitary structural brain
defects), where a single screening serum IGF-I level can be performed [2]. If this is
low (<—2 SDS), persistent GHD is confirmed, but if this is within the age-adjusted
reference range (<0 SDS), then GH stimulation testing is recommended (Fig. 19.1).
The number of GH stimulation tests needed for iCO-GHD patients depends on the
level of the clinician’s suspicion. If the suspicion is high, one GH stimulation test is
sufficient, but if the suspicion is low (e.g., in patients with no visible sellar abnor-
mality on MRI), then two different GH stimulation tests are required. The choices
of GH stimulation tests for this patient include the insulin tolerance test (ITT), glu-
cagon stimulation test (GST), and macimorelin test utilizing GH cut-points of
5 pg/L, 1 pg/L, or 3 pg/L depending on the body mass index (BMI) and physician
clinical suspicion, and 2.8 pg/L, respectively [2].

During the transition period, statural growth can be complete, but somatic devel-
opment and peak bone mass continue to develop. Discontinuation of rhGH therapy
during transition period will limit the attainment of peak bone mass and predisposes
to clinically significant alterations of BMD in later adult life and greater risks of
osteoporosis and fragility fractures [15]. Resuming rhGH treatment in patients after
completion of linear growth leads to full skeletal and muscle maturation [16] and
greater increases in BMD compared to patients who did not resume replacement
[17], especially during the first 5 years of therapy. While there is ample evidence to
resume rhGH therapy, this patient may view the cessation of growth as a reason to
escape the necessity of daily injections, which increases the risk of future
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non-adherence. Indeed, non-adherence is highly prevalent in transition patients with
injection fatigue, forgetting to self-inject or refill the prescription, fear of long-term
complications and side effects, and lack of information of perceived benefits being
significant contributing factors [18]. Strategies to promote adherence to thGH ther-
apy include providing early patient and parent education and support, medication
reminder systems, and longer duration of rhGH prescriptions [18].

Management

As this patient has persistent GHD confirmed by the ITT, rhGH therapy can be
resumed. The Endocrine Society suggests patients <30 years of age be resumed at
0.4-0.5 mg a day [19], while the American Association of Clinical Endocrinologists
suggest the dose to be 50% of the dose used in childhood [2]. The dose then should
be titrated to normalize serum IGF-I levels (IGF-I SDS between —2 and +2) within
the age-adjusted reference range, based on clinical response and avoidance of side
effects. Height, weight, BMI, and waist and hip circumference should be measured
annually, whereas BMD and fasting lipids can be measured every 2-3 years and
annually, respectively. Higher doses of rhGH are anticipated to normalize her serum
IGF-I levels when she starts on the oral contraceptive pill due to the oral estrogen
effect in attenuating GH action through its first-pass effect on hepatic IGF-I genera-
tion [20].

As this patient is a sports enthusiast, it is important to educate her that taking
higher doses of rhGH to enhance physical performance is not supported by scien-
tific literature. Although limited evidence suggests that thGH increases lean body
mass and sprint capacity [21], strength may not improve [22], exercise capacity may
worsen, and side effects may increase (e.g., iatrogenic acromegaly). In the United
States, off-label distribution, marketing, or prescription of thGH for the enhance-
ment of athletic performance is illegal.

Another aspect relevant to this patient is the use of thGH therapy during concep-
tion and pregnancy. Previous studies have reported reassuring results with no nega-
tive effects of thGH therapy on maternal and fetal outcomes [23, 24]. However,
because safety data involving larger patient numbers are still lacking, use of thGH
therapy during conception and pregnancy cannot, for now, be routinely
recommended.

Case 2

A 53-year old male underwent transsphenoidal surgery for 1.7 cm non-functioning
macroadenoma and, postoperatively, was started on levothyroxine 75 mcg a day and
hydrocortisone 15 mg a day in divided doses (10 mg in the morning, 5 mg at noon).
Past medical history includes hypertension, hyperlipidemia, diet-controlled diabe-
tes mellitus, and possible childhood febrile seizures. He presents with a 6 kg weight
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gain over 8 months, and because of a strong family history of cardiovascular disease
and cancers, he is concerned about his risk for both conditions. His IGF-I SDS was
—1.3, and he wonders if he has adult GHD. He underwent GH stimulation testing
with a macimorelin test, and his peak GH level was 2.1 pg/L, which confirmed the
diagnosis. He started thGH therapy at 0.2 mg a day, and after 7 months of therapy,
he reports of increasing fatigue. He also admits that since he started his new job
5 months ago, he often forgets to take his afternoon dose of hydrocortisone.

Diagnostic Testing and Monitoring

Many of the symptoms of AO-GHD are non-specific (e.g., fatigue, poor exercise
capacity, abdominal obesity, and impaired psychosocial function). Accordingly,
screening and further diagnostic evaluation should only be undertaken in patients
with a high pretest probability (e.g., evidence of a pituitary or parasellar mass lesion
or a history of a hypothalamic-pituitary insult, such as surgery and radiation therapy)
and in whom there are intentions to treat if the diagnosis of GHD is confirmed [2].
Because GH secretion is pulsatile, a random serum GH measurement cannot be used
to make the diagnosis, whereas serum IGF-I levels can be used as a screening test
because of its longer half-life in the circulation but often not for diagnosis confirma-
tion due to its overlap between individuals with and without GHD [25]. If serum
IGF-I levels are <0 SDS in the presence of a suggestive history, GH stimulation tests
are recommended to establish the diagnosis (Fig. 19.2). However, each GH stimula-
tion test has its pros and cons (Table 19.2). Due to the patient’s history of possible
childhood febrile seizures, the ITT is contraindicated, and the glucagon stimulation

’ Adult patient with clinical suspicion of GHD ‘

Organic GHD Organic GHD
>3 hormone deficiencies 0, 1 or 2 hormone deficiencies History of hypothalamic-pituitary tumors,surgery,cranial
Low IGF-I (<-2.0 SDS) Low IGF-I (<0 SDS) lirradiation, empty sella, pituitary apoplexy, traumatic brain injury,|
hypophysitis or Rathke’s cleft cyst
|
[ 1
No ':'e’;':lei:e':s""g Further testing High suspicion o r;:né:j’;ﬁ;"s"[)s)
s required Low IGF-I (<0 SDS) P
[
Further testing
required
I
I Legend for GST
| Treat if:
- peak GH < 3.0 g/l in normal-weight (BMI < 25 kg/m’) patients
) ) - peak GH < 3.0 ug/L in overweight (BMI 25-30 kg/m’) patients
ITT Macimorelin GST with a high pretest probability
Peak GH < 5.0 ug/L. Peak GH <2.8 ug/L L d - peak GH < 1.0 pg/L in overweight (BMI 25-30 kg/n’) patients
Treat Treat (see Legend) with a low prefest probability i
- peak GH< 1.0 ug/L in obese (BMI > 30 kg/m’) patients

Fig. 19.2 Algorithm for testing adult patients with clinical suspicion of GHD. (Abbreviations:
BMI, body mass index; GH, growth hormone; GHD, growth hormone deficiency; GST, glucagon
stimulation test; IGF-I, insulin-like growth factor;-I ITT, insulin tolerance test; PHD, pituitary
hormone deficiencies). (Adapted from Yuen et al. [2])
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Table 19.2 Pros and cons of available GH stimulation tests

Patient Cost of
Test Accurate? Safe? tolerability? Simple? Speedy? | drug?
ITT “Gold No® (in some | No® (in some No"d No $
standard” patients) patients)
GST Yes© Yes No® (in some Somewhat? | No $
patients)
Macimorelin | Yes Yes Yes Yes! Yes $$$

GST glucagon stimulation test, /77 insulin tolerance test, $§ inexpensive, $$$ very expensive in the
United States

2Requires close medical supervision by a physician, unpleasant for patients as it can cause severe
hypoglycemia, has important potential adverse effects (e.g., seizures and altered consciousness
resulting from neuroglycopenia), contraindicated in the elderly and in patients with a history of
cardio-/cerebrovascular disease and seizures, may be difficult to achieve adequate hypoglycemia
(blood glucose <40 mg/dL) in obese patients with insulin resistance, and lack of reproducibility on
repeat testing

bSide effects including nausea, vomiting, and headaches ranging from 10% to 34% of patients and
more pronounced in elderly and subjects with underlying cardiovascular and neurological comor-
bidities, where symptomatic hypotension, hypoglycemia, and seizures may be potentiated

¢If appropriate BMI-dependent GH cut-points are utilized

dMacimorelin test only requires four blood draws (vs ITT five to eight blood draws and GST nine
blood draws)

test (GST) or oral macimorelin test is preferred for this patient. For the ITT, the GH
cut-point of 5 pg/L is adopted to confirm the presence of adult GHD, irrespective of
the patient’s BMI [2]. For the GST, the GH cut-points were recently validated to take
into account the patient’s BMI and physician clinical suspicion [2]. The macimorelin
test was approved by the US Food and Drug Administration (FDA) in 2017 that man-
dated the GH cut-point of 2.8 pg/L based on its diagnostic accuracy that is compa-
rable to the ITT (92% sensitivity and 96% specificity). Additionally, it is a convenient
and highly reproducible test with no risk of hypoglycemia and a lower likelihood of
false-positive results [26]. However, the high cost of macimorelin (a 60 mg macimo-
relin packet costs approximately $4500) is the major limiting factor to its wider use.

Management

The primary goal of rthGH therapy in adults with GHD is to reverse the adverse
metabolic consequences of GHD and improve QoL. Current thGH treatment regi-
mens utilize dose-titration strategies targeting serum IGF-I normalization to account
for inter-individual differences in GH sensitivity that takes into consideration age,
gender, BMI, and various other baseline characteristics [2]. Because this patient has
DM, initiating low doses of thGH (0.2-0.3 mg a day) is recommended to minimize
the risk of worsening glycemia. Side effects of thGH therapy are the result of its
fluid retentive effects (e.g., edema, arthralgia, myalgia, paresthesia and carpal tun-
nel syndrome) and are more often associated with higher doses that resolve after
dose reductions or treatment cessation.
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As this patient has TSH and ACTH deficiencies on hydrocortisone and levothy-
roxine replacement therapies, respectively, close monitoring of the adequacy of dos-
ing of these medications should be undertaken while on thGH therapy. Recombinant
human GH decreases serum-free thyroxine (T,) and increases thyronine (T;) levels
by increasing the extra-thyroidal conversion of T, to T; without altering TSH levels
[27] and decreases serum cortisol levels by inhibiting the enzyme 11 -hydroxysteroid
dehydrogenase type 1 causing a shift in cortisol metabolism favoring cortisone pro-
duction [28]. Although these changes are relatively small and not clinically signifi-
cant in most patients, occasionally the effects of rhGH on free T, and cortisol may
result in worsening of symptoms of hypothyroidism and hypoadrenalism. Regular
monitoring of serum-free T, levels during rhGH treatment and increments of his
levothyroxine dose may be needed as necessary. This patient reported increasing
fatigue that coincided with him forgetting to take his afternoon hydrocortisone dose
suggesting hydrocortisone under-replacement that is further exacerbated by dimin-
ished tissue conversion of cortisone to cortisol by thGH therapy. This patient needs
to be educated on the importance of taking his afternoon dose of hydrocortisone,
and increase the dose of hydrocortisone to 25 mg a day in divided doses to avoid
symptoms of adrenal insufficiency.

During rhGH therapy, serum IGF-I, fasting glucose, hemoglobin Alc, fasting
lipids, BMI, waist circumference, and waist-to-hip ratio need to be monitored at 6-
to 12-month intervals, whereas assessment of QoL using the specific Quality of Life
in Adult Growth Hormone Deficiency Assessment questionnaire and serum lipids
can be assessed at 12-month intervals [2]. Measurements of BMD at baseline should
be undertaken and repeated at 2- to 3-yearly intervals to assess the need for addi-
tional bone treatment modalities [2]. Because this patient had a pituitary macroad-
enoma, periodic MRI scans are recommended while on rhGH therapy to monitor
the size of his pituitary lesion post-operatively [2].

An important yet unresolved question is whether rhGH therapy should be contin-
ued throughout life. If benefits are achieved without any side effects, then continu-
ing thGH therapy indefinitely is reasonable. If there are neither subjective nor
objective benefits of treatment after at least 18 months of treatment, discontinuing
rhGH treatment can be discussed with this patient. If thGH is discontinued, a
6-month follow-up visit with the patient is recommended because he might consider
resuming rhGH replacement therapy, noting in retrospect that his QoL was better
while on treatment.

The impact of thGH therapy on conventional cardiovascular risk markers (e.g.,
dyslipidemia, insulin resistance, and glucose intolerance) has been extensively
studied. Recombinant human GH replacement improves some cardiovascular risk
markers [29-31], but long-term prospective controlled trials on cardiovascular mor-
bidity and mortality are still lacking. Standard lipid profiles improve with rhGH
therapy [32], but data of thGH therapy on risk of DM are mixed. Increased preva-
lence of DM was observed in patients in the KIMS [11, 12] but not in the
Hypopituitary Control and Complications Study [33] and NordiNet International
Outcome Study [14] databases, whereas in an observational cohort study of adults
with GHD and non-functioning pituitary adenoma, rhGH-treated patients had a
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normal incidence whereas untreated patients had an increased risk of DM [34].
Evaluation of prospective studies indicated that shorter-term rthGH therapy nega-
tively affected glucose homeostasis; paradoxically, low-dose thGH replacement
improved [35] or normalized insulin sensitivity [36]. Overall, available data suggest
that thGH therapy does not worsen clinical glycemia, provided lower rhGH doses
(<0.3 mg/day) are used [35, 37, 38]. In this patient, if glycemia worsens during
rhGH therapy, addition and/or adjustments of anti-diabetic medications and use of
low-dose rhGH therapy (0.2-0.3 mg/day) could be considered. Alternatively, treat-
ment initiation in this patient can be withheld to allow optimization of anti-diabetic
therapy first.

Given the potential role of GH and IGF-I in cell proliferation, the long-term
safety of thGH replacement therapy has posed a theoretical concern of cancers and
is well-studied in several recently published large epidemiological and post-
marketing registry studies [39, 40]. It is thus apparent that there is no clear evidence
that rhGH therapy increases the risk of recurrence of intracranial tumors nor the risk
of recurrence of the primary malignancy in childhood cancer survivors and inci-
dence of malignant tumors in adults. There might be a slight excess risk of second-
ary neoplasms in those previously treated with irradiation therapy [41], but this risk
decreases with increasing length of follow-up [42]. Data from large databases have
provided further reassurance showing no increased risk of de novo cancers in rhGH-
treated patients [10, 43]. Due to this patient’s strong family history of cancer, the
decision to treat with rhGH should be made with caution. Clearly, the beneficial
effects of rhGH replacement need to be carefully balanced against the possible, yet
unsubstantiated, cancer risk and morbidity of untreated adults with GHD. If rhGH
therapy is commenced for this patient, continued long-term monitoring, including
standard recommendations for cancer screening, needs to be performed, and treat-
ment discontinued immediately if cancer is detected.

The use of rhGH as an anti-aging agent has attracted much publicity with claims
about thGH being an anti-aging remedy [44, 45]. No studies have assessed long-
term (> 6 months) efficacy or safety of thGH administration for this purpose. A
meta-analysis evaluating varying doses and duration of thGH therapy in healthy
elderly subjects reported small changes in body composition but significant rates of
adverse events [46]. Off-label distribution or marketing of thGH in the United States
to treat aging or aging-related conditions is illegal and punishable by imprisonment
[47]. Physicians and other health-care professionals must be aware that under no
circumstances should rhGH be prescribed for anti-aging purposes.

Daily subcutaneous injections of thGH frequently pose a barrier to initiating
treatment or to treatment adherence that increases over time that compromises ther-
apeutic efficacy [18]. Lower frequency dosing would be less burdensome to patients
and may improve treatment adherence. Several LAGH preparations have been stud-
ied in recent years, and somapacitan (Novo Nordisk), demonstrating non-inferiority
efficacy and safety to daily rhGH injections, was the first to be approved in the
United States in August 2020 but as to when it will be commercially available
remains unknown [48]. If cost is not an issue, it is likely that LAGH preparations
will be a welcome addition to the management of adult GHD.
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Conclusions

Diagnosis is often challenging, and the decision to test for adults with GHD should
only be undertaken based on the clinical suspicion of the physician within an appro-
priate clinical context with reasonable probability of the disease and intention to
treat. Frequently, GH stimulation test/s are required to confirm the diagnosis, but
current available tests have several caveats (Table 19.2). Because of the limitations
of the ITT, the GST has been increasingly used. The recently FDA-approved oral
macimorelin test appears promising because the test is easy to conduct with high
reproducibility, safety, and diagnostic accuracy comparable to the ITT. Once adult
GHD is confirmed, low rhGH doses should be initiated and up-titrated carefully to
avoid over-treatment and side effects. Many factors influence thGH therapy respon-
siveness, underlining the importance of a personalized approach to effectively man-
age these patients (Table 19.3).

Over the past three decades, thGH therapy in adults with GHD has been shown
to improve body composition, exercise capacity, bone mineral density, and
QoL. Most of the results of thGH treatment are sustainable long term (10—15 years),
and it appears to be safe regarding the incidence and mortality of malignancies and
intra-cranial tumor recurrence. However, despite improving several cardiovascular
risk markers, rhGH has not definitively proven to reverse the excess mortality asso-
ciated with hypopituitarism. Although studies have shown the safety of rhGH use,

Table 19.3 General considerations for a personalized approach when managing adults with GHD

No. | Considerations

1 Only perform screening and diagnostic testing in patients with a suggestive history and in
whom there is an intention to treat if the diagnosis is confirmed

2 | Retest patients transitioning from pediatric to adult care, especially those with isolated
idiopathic CO-GHD after at least 1 month following discontinuation of rhGH therapy, and
minimize lengthy interruptions in rhGH therapy for those with confirmed GHD

3 | Use low initial doses of rhGH in patients susceptible of side effects, e.g., elderly, obese
patients, and patients with glucose intolerance

4 | Use higher doses of thGH in transition patients and females on oral estrogens
5 | Avoid titrating rhGH doses to exceed IGF-1 SDS > +2 for the age and sex of the patient

6 Monitor BMI, waist circumference, BMD, blood pressure, serum lipids, fasting glucose,
hemoglobin Alc, and QoL periodically and after adjusting rhGH doses

7 | In patients with a history of a lesion in the hypothalamic-pituitary region with or without
surgery and/or radiation, periodically monitor the lesion by performing MRI scans

8 | Assess, treat, and monitor for other pituitary hormone deficiencies

9 | If benefits are achieved, continue thGH therapy indefinitely, but if no apparent or objective
treatment benefits are achieved after at least 12—18 months, can consider discontinuing
rhGH therapy, and perform a 6-month follow-up appointment to re-assess patient’s desire
to remain off therapy

Abbreviations: BMD bone mineral density, BMI body mass index, CO-GHD childhood-onset
growth hormone deficiency, GHD growth hormone deficiency, /GF-I SDS insulin-like growth
factor-1 standard deviation score, MRI magnetic resonance imaging, QoL quality of life, rhGH
recombinant human growth hormone
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its routine use in conception and pregnancy cannot be routinely advocated yet until
further safety data involving larger patient numbers become available. Conversely,
rhGH use for sports and anti-aging is strictly prohibited. Because non-adherence is
common with daily rhGH injections, LAGH preparations may improve adherence
and possibly therapeutic efficacy. After the FDA-approval of somapacitan in the
United States, endocrinologists are encouraged to monitor future developments of
LAGH preparations as it is anticipated that more will be approved in the near future.

Disclosure Statement KCJY has received research grants to Barrow Neurological Institute for
clinical research studies from Pfizer, Novo Nordisk, OPKO Biologics, Versartis, and Aeterna
Zentaris and served on Advisory Boards for Pfizer, Novo Nordisk, Ipsen, and Strongbridge.
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Case 1 Presentation

A 19 year-old male presented to his general practitioner complaining of on-going
persistent headaches accompanied by nausea and reduced visual acuity. He reported
feeling fatigued and admitted having a disturbed sleeping pattern and reduced appe-
tite. A CT (computed tomography) head scan showed a homogeneous, soft-tissue
suprasellar mass, in close proximity to the optic chiasm, with irregular enhancement
around the cystic component compatible with a craniopharyngioma. He was
urgently referred to the local endocrinology team.

A baseline pituitary hormone profile was assessed and found to be within the
normal range, and he had no diabetes insipidus. The local multidisciplinary meeting
advised for surgical removal of the craniopharyngioma and subsequent radiother-
apy. The transsphenoidal surgery took place uneventfully. Subsequent imaging indi-
cated evidence of a small amount of residual tissue, and the patient was offered
fractionated stereotactic radiotherapy, administered in daily doses of 1.8 Gy and in
30 fractions (total dose 54 Gy). He completed the sessions as planned but was sub-
sequently lost to follow-up.

However, 2 years later he reappeared, and at this time his major complaint was
of considerable weight gain, mainly around his abdomen. He reported unusual
fatigue as well as muscle aching. While previously noted to be a positive and opti-
mistic individual, his mood was low, and he confessed to having difficulties at work
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Table 20.1 Laboratory results for Case 1

E. Armeni and A. Grossman

Baseline hormone levels Results Normal range (males)
Follicle stimulating hormone 4.4 1.4-18.1 U/L
Luteinising hormone 52 1.5-9.3 U/L
Testosterone 9.7 8.4-28.7 nmol/L
Adrenocorticotropic hormone 8.6 2.2-17.6 pmol/L
Cortisol 09,00 h 287 180-620 nmol/L
Prolactin 217 45-375 mU/L
Growth hormone 5.4 -

Insulin-like growth factor—1 (age 20 years) | 11.5 16-118 nmol/L
Thyroid stimulating hormone 1.3 0.35-5.50 mU/L
Free thyroxine 11.7 10.5-20 pmol/L
Biochemical levels

Total cholesterol 7.3 <6.5 mmol/L
Triglycerides 2.6 0.55-1.9 mmol/L
High-density lipoprotein-cholesterol 1.3 >1.5 mmol/L
Glycated haemoglobin 43.0 <48 mmol/mol
Sodium 141 135-145 mEqg/L
Potassium 3.7 3.0-5.0 mEq/L
Serum osmolality 283 275-295 mOsm/kg

Table 20.2 Dynamic testing: insulin tolerance testing® for Case 1

Baseline 30 45 60 90 120
Glucose mmol/L (mg/dL) 4.6 3.5 1.5 5.6 7.1 8.4

(83) (63) 27 (101) (128) (151)
Growth hormone pg/L 1.8 22 2.5 24 2.4 1.5
(ng/mL) (1.8) (2.2) (2.2) 2.4) 2.4) (1.5)
Cortisol 211 356 381 444 495 358
nmol/L (pg/dl) (7.6) (12.9) (13.8) (16.1) (17.9) (13.0)

*Normal peak cortisol >450 nmol/L (16 pg/dL) and >3 pg/L for growth hormone

due to memory problems. The results of the pituitary hormone profile assessment

are presented in Tables 20.1 and 20.2.

Case 2 Presentation

A 52 year-old male yoga instructor experienced an episode of orbital pain and dip-
lopia associated with third and sixth cranial nerve palsies during his summer holi-
days. An urgent CT scan showed pituitary apoplexy, so he underwent emergency
surgical intervention, and he recovered well. A follow-up CT showed remnant resid-
ual tissue for which he remained under neurosurgical observation. After the surgery,
he showed clinical improvement with no headaches or new visual disturbances,
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improved diplopia, and no remnant ptosis. Hormone deficiencies were diagnosed
after the surgery, so he started replacement treatment with hydrocortisone and then
levothyroxine. Three months after the surgery, he continued to experience
generalised fatigue, joint pain, reduced muscle bulk, reduced concentration, frequent
sweats and hot flushes, and reduced frequency of shaving. He also reported tiring
quickly. Blood tests confirmed hypogonadotropic hypogonadism, so he was started
on treatment with testosterone gel. Once he was stabilised on adequate testosterone
and glucocorticoid replacement doses, he was assessed with an insulin tolerance test
to determine pituitary hormone reserve. The insulin tolerance test showed peak
growth hormone levels (GH) less than 0.01 pg/L and a maximum cortisol of
334 nmol/L (12.1 pg/dL).

Pathophysiology

Hypopituitarism may be congenital, or acquired due to pituitary surgery, irradiation,
or a sellar or suprasellar tumour. Most primary pituitary pathology relates to a “pitu-
itary adenoma’, now best referred to as a pituitary neuroendocrine tumour (PitNET).
Less common causes include head injury, pituitary apoplexy, autoimmune lympho-
cytic hypophysitis, infiltrative diseases, and post-partum ischaemic necrosis [1]. A
craniopharyngioma is a tumour arising from embryological elements of the primi-
tive pituitary and is often associated with partial or complete pituitary hormone
deficiency, as is the case in our first patient.

Hypopituitarism, irrespective as to whether it is partial or complete, is associated
with a considerable increase in cardiometabolic risk factors (RFs) (Table 20.3).

GH Deficiency and Cardiovascular Risk

GH is involved in many metabolic regulatory pathways, affecting practically all the
organs and tissues of the human body, including the brain, blood vessels, ovary,
testicles, kidney, intestine, skeletal muscles, liver, bone marrow, spinal roots, periph-
eral nerves, and the heart [2]. GH deficiency (GHD) is associated with a higher
prevalence of ischaemic cardiac and cerebrovascular disease. Lower levels of GH
have been linked with a pro-atherogenic lipid profile, a diminished inflammatory
response, central fat accumulation, and insulin resistance secondary to increased fat
mass [2]. More specifically, GH acts as a central regulator of circadian oscillations,
stimulating lipolysis and ketone body formation and thereby increasing levels of
free fatty acids [3]. Simultaneously, GH induces an increase in non-oxidative glu-
cose disposal and a decrease in glucose oxidation, while total glucose turnover
remains unaffected [3].

Further metabolic actions of GH are mediated by its relationship with IGF-1.
Lower levels of circulating IGF-1 are associated with increased vascular resistance,
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Table 20.3 Cardiometabolic implications of pituitary hormone deficiencies

Lipid metabolism

‘ Glucose metabolism

‘ Vascular endothelium

ACTH deficiency

| LPL in visceral tissue —
reduction in local fat
deposition

| Hormone-sensitive
lipase in limbs — | FFA
and glycerol release

| Intramuscular fat
deposition

| Gluconeogenesis and hepatic
synthesis of TG

1 Insulin stimulated glucose
uptake

| Vasoconstrictors (endothelin-1

and angiotensin-II)

| Production of proinflammatory
cytokines and chemokines

| Adhesion molecules (ICAM-1,
VCAM-1, E-selectin)

TSH deficiency

| Cholesterol synthesis

| Hepatic cholesterol
uptake

| Excretion of cholesterol
as bile acids

| LPL and cholesterol
ester transfer protein

| Gluconeogenesis and
glycogenolysis

1 Glycogen synthesis

| Translocation of Glut-4 in
adipose and skeletal tissue due
to insufficient T3

| Endothelial dependent
vasodilation via eNOS and PI3K

GH deficiency

| Lipolysis
| Ketone body formation

| Non-oxidative glucose
disposal

1 Vascular inflammation
17 VCAM-1 and adhesion

| FFA | Glucose oxidation molecules
1 eNOS
Gonadal hormone deficiency
Oestrogen
ER alpha and ER beta ER alpha and ER beta involved | | Endothelium-dependent and
involved in lipid in insulin signaling endothelium-independent
metabolism 1 Glucose vasodilation
Impaired insulin tolerance | Cytokines and growth factors
| Insulin release 1 Adhesion molecules
1 Activation, accumulation, and
infiltration of injured
endothelium by leucocytes
Testosterone

| Hepatic lipase
| Scavenger receptor B1
and cholesterol uptake

1 Insulin resistance
| TG uptake by adipocytes
| Lipolysis

| Endothelium-dependent and
endothelium-independent
vasodilation

Abbreviations: eNOS endothelial nitric oxide-synthase, ER oestrogen receptor, FFA free fatty
acids, FT3 free triiodothyronine, /CAM intracellular adhesion molecule, LPL lipoprotein lipase,
PI3K phosphatidylinositol 3-kinase, TG triglycerides, VCAM vascular cell adhesion molecule

increased sympathetic activity, and endothelial dysfunction with decreased
endothelial production of nitric oxide (NO) [2]. Vascular endothelium expresses
receptors for GH and IGF-1 and is therefore sensitive to the protective effect of the
GH/IGF-1 secretory status, which is suggested to reduce vascular inflammation [2].
Damaged endothelium is thought to produce Klotho, a circulating protein known
for its vascular protective effects. In vitro studies demonstrated that Klotho
suppresses the expression of vascular cell adhesion molecule 1 (VCAM-1) and
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intercellular adhesion molecule 1, while it also inhibits endothelial nitric oxide
synthase (eNOS) phosphorylation [2, 4]. Klotho is also considered to inhibit the
negative feedback of IGF-1 on pituitary GH production [2].

Central Hypogonadism and Cardiovascular Risk

Regardless of the underlying cause of pituitary failure, gonadotrophin deficiency
will be manifest as a pathological decrease in sex hormone levels.

For the female patient, hypoestrogenism before the age of the natural ovarian
senescence is associated with endothelial dysfunction, arterial stiffening, and
increased intima-media thickness. In vivo data have shown that oestrogen exerts a
protective effect on the damaged vascular endothelium [5] and also induces
endothelium-dependent and endothelium-independent vasodilatation [6]. Its main
actions includes decreased production of local cytokines and growth factors and
suppression of the release of local pro-inflammatory mediators and adhesion
molecules. Exogenous administered 17f-oestradiol suppresses the activation,
infiltration, and accumulation of leucocytes at the site of vascular injury [5].
Moreover, exogenous 17p-oestradiol induces NO production, which is mediated by
activation of the kinases Akt, c-Src, ERK, and phosphatidylinositol 3-kinase (PI3K)
[6]. Low oestrogen levels promote insulin resistance and the development of a more
pro-atherogenic lipid profile, which results in a higher risk for the development of
the metabolic syndrome (e.g. central obesity, impaired glucose tolerance and type 2
diabetes, hypertension). In vivo data have demonstrated that 17f-oestradiol treat-
ment reverses the acute metabolic implications of ovariectomy in rats, in particular
hyperglycaemia, impaired glucose tolerance, and insulin release [7]. In fact, both
oestrogen receptors alpha (ERa) and beta (ERp) activate the insulin signalling
cascade and modulate different steps of insulin but also lipid metabolism [8]. The
origin of metabolic disease is associated, at least to some extent, with an imbalance
in the ERo/ERp ratio in the adipose tissue [8]. Female androgen production is also
suboptimal in patients with central hypogonadism, with the potential to impact
energy expenditure and secretion of insulin [9].

For the male patient, a more rapid decline of androgen levels is also related to the
development of metabolic disorders. Low levels of free testosterone are associated
with reduced muscle mass and consequently lower glucose uptake, hyperglycaemia
and defective function of pancreatic beta cells [10]. With regard to lipid metabolism,
the genomic actions of testosterone consist of upregulation of the hepatic lipase
gene, an enzyme known to hydrolyse phospholipids on the surface of high-density
lipoprotein (HDL)-cholesterol, mediating the uptake of HDL-cholesterol molecules
by the scavenger receptor B1 (SR-B1). The gene for SR-BI, also induced by
testosterone, mediates the selective uptake of lipids into steroidogenic cells and
hepatocytes [11, 12]. With regard to glucose turnover, testosterone promotes the
commitment of pluripotent stem cells into the myogenic lineage and inhibits their
differentiation into adipocytes [13]. Moreover, testosterone modifies the metabolic
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function of mature adipocytes and myocytes by increasing triglyceride uptake,
inducing lipolysis, and modifying mitochondrial function, respectively. These
actions result in a modest decrease of total fat mass (FM) by ~2 kg and an increase
in lean body mass (LBM) by ~2.7 kg, improving insulin resistance [13]. Moreover,
lower free testosterone is associated with adiposity, which further promotes an
increase in circulating free fatty acids, insulin resistance, and hyperinsulinaemia
[10]. Similar to oestradiol, testosterone has been shown to induce rapid endothelium-
dependent and endothelium-independent vasodilatation [6, 14]. Interestingly, the
effect of testosterone on female endothelial cells is to reduce NO availability,
impairing vasodilatation [6].

Central Hypothyroidism and Cardiovascular Risk

With respect to cardiovascular haemodynamics, thyroid hormone (TH) directly
affects cardiac contractility, but also indirectly by maintaining peripheral oxygen con-
sumption. In a state of low TH, cardiac output remains suboptimal due to the absence
of a direct triggering effect of the TH but also indirectly due to increased peripheral
vascular resistance. The chronotropic and inotropic effect of TH depends on path-
ways coding regulatory proteins responsible for the maintenance of the sensitivity of
the myocardium to adrenergic stimulation [15, 16]. More specifically, T3 has been
demonstrated to affect cardiovascular physiology through non-canonical effects on
thyroid hormone receptor-o, which results in the induction of endothelium-dependent
vasodilatation via eNOS and phosphatidylinositol 3-kinase (PI3K) activation [17].

TH interacts with the TH-receptor-a in the anterior hypothalamus to decrease
blood pressure and regulate endogenous hepatic glucose production by an increase
in gluconeogenesis and glycogenolysis, as well as decreased glycogen synthesis. T3
also improves glucose tolerance by increasing translocation of the glucose trans-
port-4 in the adipose tissue and skeletal muscle [15]. Moreover, TH controls core
body temperature, sympathetic activity, and appetite. They directly regulate ATP
utilisation, modulating anabolic and catabolic pathways with regard to protein turn-
over and the metabolism of macronutrients [15, 16].

Clinically, a major effect of a lowering of TH is a change in lipid profile, most
significantly hypercholesterolaemia. The effect of THs on lipid metabolism consists
of increased cholesterol synthesis, an increase in hepatic cholesterol uptake and
excretion as bile acids. THs influence the function of various enzymes like lipopro-
tein lipases and cholesterol ester transfer protein [15], which may explain the dys-
lipidaemia observed in patients with central hypothyroidism.

Central Adrenal Insufficiency (CAI) and Cardiovascular Risk

Mortality data from the European Adrenal Insufficiency Registry identified that car-
diovascular events were the most common cause of death in patients with adrenal
insufficiency (combined primary and secondary) [18]. The glucocorticoid (GC)
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receptor modulates endothelial physiology by regulating vasodilators such as NO,
vasoconstrictors (endothelin-1 or angiotensin II), and the production of pro-
inflammatory cytokines and chemokines, as well as by regulating the expression of
adhesion molecules (VCAM-1, ICAM-1, and E-selectin) [19]. In addition, GC
receptor activation can potentiate the effects of vasoactivators on vascular smooth
muscle cells [19]. Mortality rates in patients with CAI were found to be higher for
those treated with supranormal levels of hydrocortisone [18]. Patients with a dys-
functional hypothalamic-pituitary-adrenal (HPA) axis, who presented with low
morning cortisol and significant diurnal variability due to exogenous replacement
with GCs, have been shown to express correlated alterations in cardiometabolic RFs
such as weight gain, hypertension, dyslipidaemia, and insulin resistance [20].

GC treatment may interfere with various steps of glucose homeostasis. Activation
of the lipoprotein lipase activity in visceral adipose tissue results in local fat accu-
mulation. Simultaneously, activation of the hormone-sensitive lipase in limb adi-
pose tissue results in increased release of free fatty acids and glycerol. Consequently,
gluconeogenesis and hepatic synthesis of triglycerides increase, with intramuscular
fat deposition. Muscle wasting is promoted due to impaired, at least in part, insulin-
stimulated glucose uptake [21]. In essence, while we seek to maintain an adequate
level of corticosteroid replacement to avoid adrenal crises or complaints of fatigue
and low energy, over-treatment leads to the manifestations of a Cushingoid status.
While in recent years the average replacement dose of corticosteroids has been
gradually falling, it is probably still above physiological levels in most patients.

Clinical Studies on Cardiometabolic Risk

GH and Cardiometabolic Risk

The possible interaction between the administration of GH replacement and cardio-
vascular RFs has been extensively studied. Data retrieved from the KIMS database
(Pfizer International Metabolic Database) suggested that GH replacement is associ-
ated with favourable changes in waist circumference in all participants. A favour-
able effect on BMI was more obvious in older patients, who showed a lesser increase
compared to the untreated general population [22]. In a similar line of evidence, the
Swedish PATRO Adults surveillance study reported recently that GH treatment is
associated with a decrease in the LDL/HDL-cholesterol ratio, while mean glucose
and BMI values remained unchanged over 4 years of treatment [23]. Data from the
observational cohort of the Hypopituitary Control and Complications Study
(HypoCCS) showed that GH treatment was associated with a significant decrease in
total cholesterol (TC) and low-density lipoprotein (LDL)-cholesterol. Favourable
cardiovascular outcomes, defined according to the Framingham cardiovascular risk
index, were observed in patients treated for less than 2 years as opposed to cases
treated longer [24]. A smaller study of 125 GHD and 71 no GHD patients, after
7 years of follow-up, showed that the lower GH dose 1.5 + 0.2 mg/week was
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associated only with a decrease in triglycerides. The higher dose of 2 + 0.7 mg/week
was associated with a substantial improvement in all lipid parameters, an increase
in fasting glucose, but no effect on glycated haemoglobin (HbAlc) [25]. A meta-
analysis of 591 GH-treated adult patients and 562 with placebo demonstrated that
6 months of low-to-moderate GH dose reduced TC and LDL-cholesterol signifi-
cantly as opposed to placebo. Higher GH doses were associated with more pro-
nounced changes in LBM and FM [26]. Finally, a more recent meta-analysis of
1319 children with idiopathic GHD showed that recombinant GH replacement was
associated with a significant decrease in TC, an increase in HDL-cholesterol, and a
marginal increase in LDL-cholesterol. The duration of the intervention seems to
mediate the outcome in controlling dyslipidaemia. The role of GH replacement on
body composition and glucose metabolism was non-significant [27].

TH and Cardiovascular Risk

Data on the association between central hypothyroidism and cardiovascular risk are
sparse, but some results have been retrieved from larger studies investigating
populations with panhypopituitarism. The KIMS study, a large post-marketing
surveillance database in patients replaced with Genotropin, did not provide TSH
results on their patients but only information on the dose of levothyroxine
replacement. Accordingly, patients sufficiently replaced with levothyroxine had a
lower body weight, BMI, and levels of HDL-cholesterol when compared with the
predicted values [28]. In a retrospective observational study of 208 GHD patients
starting on replacement treatment, the change in FT4 levels was negatively correlated
with total and LDL-cholesterol, adjusted for the change in levels of IGF-1 and GH
and the dose of hydrocortisone. This association persisted in patients with more
severe thyroid hormone insufficiency, but not in patients achieving euthyroidism [29].

Gonadal Hormone Replacement and Cardiovascular Risk

Studies assessing the impact of testosterone replacement therapy (TRT) on the car-
diovascular risk of males are either small or insufficiently powered, and therefore
the results are still conflicting [30]. The first adequately powered study to assess
cardiovascular (CV) events following TRT in hypogonadal men, the TRAVERSE
trial (Study to Evaluate the Effect of Testosterone Replacement Therapy on the
Incidence of Major Adverse Cardiovascular Events and Efficacy Measures in
Hypogonadal Men), was initiated in 2018, and the enrollment is expected to end in
2022 [31].

In a meta-analysis of 709 males with late-onset male hypogonadism and 664 on
placebo, TRT was associated with lower HbA 1¢, homeostasis-model assessment of
insulin resistance (HOMA-IR), insulin, leptin, TC, and HDL-cholesterol [32].
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Similarly, another meta-analysis of 767 TRT-males and 648 controls showed that
TRT is associated with reduced HbA I ¢, improved HOMA-IR, lower LDL-cholesterol
and triglycerides, and a decrease in body weight and waist circumference [33].

A review of 42 menopause hormone therapy (MHT) regimens showed that treat-
ment ameliorated the atherogenic lipid profile, increasing HDL-cholesterol and low-
ering TC and LDL-cholesterol. Triglycerides increased in women receiving an oral
MHT regimen and decreased in those receiving transdermal oestrogens. The type of
progestogen showed varying opposing effects of oestrogens observed in triglycerides
and HDL-cholesterol, with the following order from strongest to weakest: oral
norethindrone acetate (NETA), norgestrel, transdermal NETA, medroxyprogesterone
acetate, cyproterone acetate, progesterone, medrogestone, and dydrogesterone [34]. A
recent meta-analysis showed that MHT decreases concentrations of lipoprotein-alpha,
and oral regimens have a more pronounced effect than transdermal [35]. With regard
to glycaemic control, MHT intake was associated with a 20-35% lower incidence of
type 2 diabetes mellitus (DM) compared to the general population, as shown in the
Heart and Estrogen/progestin Replacement Study (HERS) [36], the Women’s Health
Initiative (WHI) [37], and the Nurses’ Health Study [38].

Studies investigating the effect of testosterone supplementation in women are
either sparse or do not focus on cardiovascular outcomes. One meta-analysis with
8480 participants reported that oral but not transdermal TRT was associated with a
significant rise in LDL-cholesterol and reduction in TC, HDL-cholesterol, and tri-
glycerides. TRT was associated with an increase in weight [39].

GC Replacement and Cardiovascular Risk

An earlier study of 2424 hypopituitary patients, retrieved from the KIMS cohort,
showed a clear increase in waist circumference, BMI, TC, LDL-cholesterol, and
triglycerides, in parallel with increasing hydrocortisone dose category [40].
Comparing the effects of different regimens, HbAlc was higher in the hydrocorti-
sone vs the cortisone acetate group. Noteworthy, treatment with hydrocortisone
doses less than 20 mg/day at baseline resulted in comparable metabolic endpoints
with controls [40]. A meta-analysis of nine studies, on patients with adrenal insuf-
ficiency, compared the cardiometabolic implications of GC treatment when switch-
ing from standard regimen (cortisone or hydrocortisone) to modified release
hydrocortisone [41]. At 3 months post-therapy switch, there was a significant
reduction in HbA I¢, which was even more pronounced in patients with pre-existing
DM, and reduction in body weight. The improved glycaemic profile lasted up to
48 months after therapy switch [41]. A cohort study aimed to assess the link
between GC replacement and CV disease in a total of 68,781 GC users and 82,202
non-users reported higher rate of CV events in the GC-exposed group vs the
comparator group (23.9 vs 17.0 per 1000 person-years, respectively). Following
adjustment for traditional RFs, the relative risk for CV events in patients treated
with high dose GCs was 2.56 compared to non-users [42].
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Management Issues Related with Cardiometabolic Risk

GC replacement Hydrocortisone is the most prescribed formulation, followed by
prednisone, cortisone, and dexamethasone. Hydrocortisone is usually administered
in two to three divided doses over the day, with a final dose around 16.00 h—18.00 h
(total dose estimated as 15-20 mg/day) [43]. A modified-release (MR) hydrocorti-
sone tablet has been approved in Europe, with both immediate and extended-release
characteristics, which achieves a more physiological plasma cortisol profile [44].
Thus, MR hydrocortisone is associated with a more physiological cortisol circadian
profile and significant metabolic improvement in body weight, HbAlc, and insulin
sensitivity [45]. Others have used a single daily dose of prednisolone [46]. In
patients with CAI, fludrocortisone replacement is not indicated, as the renin-
angiotensin-aldosterone system remains functionally intact [44].

The physiological secretion of cortisol (5.4-6.1 mg/m*/day) is lower than the
administered replacement doses in most cases of adrenal insufficiency [47, 48].
Thus, temporary sub- or supra-physiological levels of blood cortisol are not uncom-
mon and are likely to be harmful [44]. The outcome is a less favourable metabolic
profile, consisting of higher BMI, or ‘metabolic syndrome’ with elevated serum
levels of TC, LDL-cholesterol, triglycerides, and impaired glucose tolerance [40,
45]. Similarly, even a small reduction in the dose of hydrocortisone in patients with
CAl is associated with an overall improvement in body composition, with a reduc-
tion of body weight [49].

The composite health impact of CAI depends on the dose of GCs administered,
the co-existence of other pituitary hormone deficiency, as well as possible comor-
bidities [49] and underlying CV RFs such as smoking.

TH replacement Prior to administration of TH, coexistent adrenal insufficiency
needs to be ruled out; otherwise optimal replacement with hydrocortisone should be
administered [50, 51].

The standard treatment of hypothyroidism is levothyroxine (LT4) monotherapy.
Combination of LT4 and liothyronine (LT3) should only be considered in hypothy-
roid patients compliant with LT4 treatment but also with persisting and significant
complaints; such combination therapy is rarely necessary.

The dose of LT4 should be sufficient to bring the free T4 into the upper half of
the normal range. Little additional information is obtained from the measurement of
free T3 or TSH [50]. Once adequate TH replacement has been achieved, annual
monitoring of the patient is sufficient with measurement of serum levels of free
thyroxine (FT4) [50].

Readjustment (up-titration) of LT4 dose should be considered for any of the fol-
lowing conditions:

1. Co-administration of additional hormone treatment
2. Pregnancy
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3. Medical treatment known to alter metabolism of TH (e.g. iron supplementation)
4. Reduced absorption of LT4 (e.g. coeliac disease, cirrhosis, pancreatic insuffi-
ciency, previous bariatric surgery, proton pump inhibitors)

The choice of the most appropriate dose is important as suboptimal replacement
can have different metabolic outcomes [1]. Central hypothyroidism should be
treated prior to assessing the adequacy of GH dynamics, as undertreated hypothy-
roidism may impair the accurate diagnosis of GHD [43] and further modify glycae-
mic and lipid metabolism.

Gonadal hormone replacement In female patients, prior to the menopausal transi-
tion, hormone replacement should be initiated as combined oestrogen/progestogen
therapy (intact uterus) or as oestrogen-alone treatment (hysterectomy). Treatment
can continue until the expected age of the menopause with no additional CV risk. In
postmenopausal patients, MHT should be offered primarily for the control of hot
flushes [43, 52]. The most suitable formulation (e.g. tablets, patches, gels, vaginal
gels, or creams) should be selected based on patient preference, convenience, side
effects, and cost. Oral preparations have the major limitation of hepatic first-pass
metabolism, necessitating higher doses of oestrogen for optimal replacement.
Younger females may prefer the combined oestrogen-progestin contraceptive pill.

The studies on the possible CV risk of MHT suggest the hypothesis of the win-
dow of opportunity, which means that the effect of MHT might even be protective
for the vasculature if given at an age < 60 years or <10 years after the menopausal
transition [53]. Modifications of traditional cardiovascular-RFs are beneficial in any
case to minimise the overall risk.

The only indication for TRT in women is the hypoactive sexual desire syndrome
(HSDS), but studies on the cardiovascular implications of TRT in the female popu-
lation are still sparse [54]. Therefore, the lowest possible dose needed to manage
HSDS should be used in this context by prescribing either gel or patches of TRT
[54]. Safety data are available for use up to 24 months [54].

In female patients with concomitant GH-MHT replacement, levels of IGF-1 are
found to be higher in the case of transdermal rather than oral oestrogen replacement.
Oestrogens are known to decrease circulating IGF-1 levels; therefore, an increase in
GH dose might be warranted after initiation of MHT [52].

Women with combined gonadotropin/TSH deficiency may present with altered
TH requirements after initiation of MHT. Oestrogens regulate the production of
thyroid binding globulin by the liver. Initiation of oestrogen replacement in patients
with central hypothyroidism is expected to increase the mean LT4 requirements
from 1.3 to 1.8 pg/kg/day [43].

In male patients, the target of replacement therapy should be to achieve serum
levels of testosterone within the mid-normal range, using any of the approved for-
mulations. The most suitable formulation should be selected on an individual basis
considering patient preference, cost and availability, adverse events, pharmacoki-
netics, and pharmacodynamics of the selected product:
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e Classically, the most common formulation used is an intramuscular depot injec-
tion of testosterone enanthate given 250 mg intramuscularly every 3 weeks or
testosterone ester, testosterone enanthate, or cypionate (initial dose 75-100 mg/
week or 150-200 mg every 2 weeks).

* A depot long-acting testosterone intramuscular injection of testosterone
undecanoate 1000 mg can be administered and repeated at 6 weeks and subse-
quently every 3 months.

* The oral testosterone undecanoate may be administered as 80 mg or 120 mg two
to three times daily with fatty meals, although its efficacy and particularly its
effect on bone have been queried.

e The transdermal gel formulations are another popular choice, since they provide
ease of application, flexible dosing, and good tolerability. The testosterone level
is assessed 2-8 h after the application, following a treatment duration of at
least 1 week.

Monitoring involves assessment of symptom relief in association with biochemi-
cal evaluation of testosterone levels, which should be maintained in the mid-normal
range. The dose is carefully titrated while attention is necessary to monitor for (i)
elevation of haemoglobin and possible polycythaemia, when the dose intervals are
readjusted; (ii) increasing PSA values >1.4 ng/mL above baseline over the first
12 months, a PSA value >4.0 ng/mL, and/or prostatic symptoms, where referral to
a urologist is advised; and (iii) wish for fertility, where testosterone replacement is
discontinued and gonadotropin therapy is initiated to induce spermatogenesis [43,
52]. The Food and Drug Administration has published a warning on the possible
cardiovascular effects of TRT in males [55]. Caution for careful monitoring of CV
RFs, such as smoking and blood lipids, is advised in males with substantial CV risk
at the time of initiating TRT.

GH replacement : Both of our patients were diagnosed with GHD and received
treatment at an age-adjusted dose. The GH dose should be adjusted based on the age
of the individual: for patients <30 years, the recommended starting dose is
0.4-0.5 mg/day; for patients 30—60 years of age, the recommended starting dose is
0.2-0.4 mg/day; for patients >60 years of age, the recommended starting dose is
0.1-0.2 mg/day. In the first of our cases, it was noted that his level of thyroxine and
the peak response of cortisol to hypoglycaemia were borderline, so as noted these
will need to be followed carefully over time. The dose of GH is titrated in 6-weekly
intervals, aiming for a potential increase if needed by 0.1-0.2 mg/day. Our patients
were reassessed with repeat blood tests for estimation of IGF-1 levels, aiming to
titrate the dose of GH, based on age- and gender-adjusted IGF-1 levels, which
should remain in the upper half of the normal range. After initiation of treatment,
monitoring took place 1-2-month intervals and then biannually. Their monitoring
involved clinical evaluation, assessment for possible adverse events, evaluation of
cardiometabolic-RFs, and biochemical assessment of IGF-1 levels. During the first
follow-up appointment after initiating the GH replacement, our first patient came to
the clinic with improved vitality and indeed had recently been promoted at work.
His body habitus had also improved greatly with a decrease in his weight-hip ratio
and no evidence of central obesity.
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In patients with multiple hormone deficiencies, as with our second patient, potential
hormone interactions should be taken into consideration. In this context, it is recom-
mended to test following axes in advance and then following the replacement
with GH:

e The function of the HPA axis before and after starting replacement with GH. If
the patient is already on GC replacement, then the dose of GCs might need re-
adjustment, as GH reduces the 11p-hydroxysteroid dehydrogenase (113-HSD1)
activity and consequently the conversion from cortisone to cortisol [43, 51, 56].

e Treatment of possible central hypothyroidism should be prioritised before
dynamic testing to assess for possible GH deficiency. On the contrary, in patients
with well-documented GHD, optimisation of GH/IGF1 levels might unmask
central hypothyroidism with a slight fall of FT4, an increase in FT3, but no sig-
nificant effect on TSH levels [43, 51, 56].

e The effect of GH on its receptor is attenuated in females on treatment with oes-
trogens, and the dose of GH replacement should be readjusted accordingly. In
general, women have higher GH resistance and therefore require higher doses of
GH replacement than men [43, 51].

Conclusions

Hypopituitarism has many effects on cardiovascular, cerebrovascular, and meta-
bolic parameters. Thyroid hormone deficiency is associated with hypercholesterol-
aemia, while GC over-replacement causes many of the changes associated with
Cushing’s syndrome such as hypertension, glucose intolerance and type 2 DM, and
hyperlipidaemia. Growth hormone deficiency also causes an adverse metabolic pro-
file, including hypercholesterolaemia and insulin resistance, while similarly GH
over-replacement may cause hyperglycaemia due to the insulin-antagonising effect
of GH. Gonadal steroids also cause minor changes in metabolic factors. Furthermore,
there is an interaction between different types of hormone replacement, especially
the effects of GH on GC and TH replacement, and oestrogens on the effects of
GH. Bone metabolism is also important: a lack of GH or gonadal steroids leads to
increased osteoporosis, as does over-replacement with GCs or thyroxine. It can thus
be seen that tight regulation and monitoring of all hormone replacement are essen-
tial to optimise metabolic and cardiovascular control.
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Chapter 21
Minimizing Cardiometabolic Risk Factors
in Patients with Acromegaly

Check for
updates

Divya Yogi-Morren and Laurence Kennedy

Case History

A 61-year-old man presented with headache and facial pain for 5 years. He had had
to get his wedding ring altered and noticed his shoes were also too tight. Pituitary
MRI showed a macroadenoma measuring 1.6 x 1.5 x 1.0 cm. Fasting serum growth
hormone (GH) was 13.46 ng/mL, and insulin-like growth factor 1 (IGF-1) was
719 ng/mL (normal 39-231). Secondary hypothyroidism and secondary hypogo-
nadism were present, but adrenal function was normal (Table 21.1). Fasting serum
glucose was 106 mg/dL and HbAlc 6.0% (Table 21.2).

Five years earlier he had been diagnosed with obstructive sleep apnea, along
with a change in his bite, with inability of the teeth in the left posterior region to
achieve contact.

At age 59, he was diagnosed with cardiomyopathy, having presented with pulmo-
nary edema. Transesophageal echocardiogram showed severely dilated left ventri-
cle, moderately severe mitral regurgitation, prolapse of the posterior leaflet, and
moderate dilatation of the left atrium. Left ventricular ejection fraction was 35%.
Coronary angiography showed patent coronary arteries. He underwent mitral valve
replacement, and microscopic examination of the valve showed accumulation of
mucopolysaccharide material throughout the spongiosa layer of the leaflet. There
was elastosis of the atrialis layer extending from the base to the free border of the
leaflet, with no evidence of inflammatory infiltrates, giant cells, or granulomata and
no vegetations.
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Table 21.1 Pituitary function at diagnosis and after transsphenoidal surgery

At diagnosis 4 months 8 months 1-2 years
IGF-1, ng/mL 719 423 430 217
(43-225)
GH, ng/mL 13.46 1.74 1.46 0.34
(<D
Prolactin, ng/mL 8.1 - - -
(4.0-15.2)
Cortisol, pg/dL 13.1 10.1 12.1 16.0
(5.3-22.5)
ACTH, pg/mL 46 - - -
(<47)
Free T4, ng/dL 0.7 0.9 0.8 1.3
(0.9-1.7)
TSH, mIU/L 0.383 - - -
(0.4-5.5)
Testosterone, ng/dL. | 110 223 221 672
(193-824)
LH, mIU/mL 1.3 1.8 - -
(1.8-10.3)

All results reported are for early morning, no later than 8 AM. Normal ranges (in parentheses) are
for time of day, age, and sex. Gamma knife radiation was administered 6 months after surgery

Table 21.2 Fasting glucose, HbAlc, and lipid levelsa

Before surgery After surgery

1 year 1 week before 1 year 2 years
HbAlc - 6.0 59 6.0
(4.3-5.6%)
Fasting glucose 114 60 123 99
(74-99 mg/dL)
Cholesterol® 249 149 - 137
(<200 mg/dL)
Triglyceride® 114 95 - 79
(<150 mg/dL)
HDL-cholesterol® 57 57 - 50
(>39 mg/dL)
LDL-cholesterol® 169 73 - 71
(<100 mg/dL)

2All blood draws for glucose and lipids

parenthesis

were after an overnight fast. Normal ranges are in

"Treatment with atorvastatin 40 mg daily was begun 11 months before surgery

Transsphenoidal surgery was performed at age 61, and the pituitary adenoma
stained positively for growth hormone. He reported improved sleep, even without a
continuous positive airway pressure (CPAP) machine, and his ring finger diameter
decreased by 1 mm. However, 4 months after surgery, his IGF-1 remained elevated
at 423 ng/mL. He had gamma knife radiation to the pituitary some 6 months after
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the pituitary surgery and subsequently received long-acting somatostatin receptor
ligands, which normalized the serum IGF-1. Secondary hypothyroidism and hypo-
gonadism persisted and were treated with levothyroxine and testosterone cypionate.

Introduction

Acromegaly is caused by overproduction of growth hormone (GH) from a pituitary
adenoma, in the majority of cases, with subsequent elevation of insulin-like growth
factor I (IGF-1). Acromegaly is associated with a variety of comorbidities, among
them increased cardiometabolic disease [1]. Increased GH and IGF-1 can directly
cause cardiovascular toxicity, but other factors related to excess GH secretion, such
as dysglycaemia and obstructive sleep apnea, may play a part. Also, long-term man-
agement of the condition, whether it be for continuing GH hypersecretion or for
hypopituitarism, can have a potential impact on the risk of cardiovascular disease.

Does Elevated IGF-1 Automatically Endow Increased
Cardiometabolic Risk?

IGF-1 is a protein that is produced primarily in the liver and mediates the anabolic
effects of GH. It is similar in molecular structure to insulin and has metabolic and
insulin-like effects in addition to its growth-promoting effects. The type 1 IGF
receptor, which mediates the effects of IGF-1, has a 60% amino acid sequence
homology with the insulin receptor, and the secretion of both these hormones is
stimulated by food intake and inhibited by fasting [2, 3].

The effects of GH and IGF-1 on stimulating longitudinal growth of the long
bones are well established. In addition, patients with acromegaly have been found
to have increased prevalence of hypertension, mean systolic and diastolic blood
pressure, dysglycemia including diabetes mellitus, and higher Framingham risk
scores compared with age and gender matched controls from the general popula-
tion. These effects, believed to be mediated by increased action of GH and IGF-1,
lead to elevated morbidity and mortality when compared to the general population
due to higher cardiovascular risk and a worse metabolic profile [4]. It has also been
demonstrated that both IGF-1 excess and IGF-1 deficiency may be associated with
glucose intolerance, insulin resistance, increased risk of type 2 diabetes, and cardio-
vascular morbidity and mortality [5-9].

Increased levels of GH/IGF-1 have anti-natriuretic effects, which may be respon-
sible for the increased soft tissue swelling and increase in extracellular fluid volume
that is found in patients with acromegaly. Enhanced renal and extra-renal epithelial
sodium channel activity and sodium retention lead to an increase in extracellular
volume which contributes to hypertension, as well as determining morpho-
functional heart alterations such as hypertrophy, diastolic dysfunction, and systolic
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dysfunction in the end stage. Treatment of acromegaly with normalization of IGF-1
levels causes correction of the renal and extra-renal epithelial sodium channel activ-
ity and resolution of the clinical symptoms of soft tissue swelling and hypertension
associated with increased fluid volume [10, 11].

A recently published Mendelian randomization study using a large sample size
data source, the UK biobank, demonstrated that genetically higher IGF-1 levels
were positively associated with higher fasting glucose and insulin levels, increased
insulin, higher diastolic BP, type 2 diabetes, and coronary artery disease [12]. The
results of this study were consistent with two other nested case-control studies,
which demonstrated that high IGF-1 levels were associated with increased risk of
type 2 diabetes [13, 14].

Based on these multiple studies, it appears that having an elevated IGF-1 does
indeed confer increased cardiometabolic risk that is mediated through its effect on
glucose metabolism, sodium and fluid retention, and morphologic and functional
cardiovascular changes. Biochemical control of acromegaly with complete normal-
ization of IGF-1 levels has been shown to improve cardiovascular risk factors and
reduce the Framingham risk score and is an important goal of treatment in these
patients.

Cardiomyopathy in Patients with Acromegaly

Patients with uncontrolled acromegaly have rates of mortality increased to two- to
threefold above that of healthy controls. In addition, life expectancy is decreased by
an average of about 10 years. This is presumed to be due to the multiple comorbidi-
ties associated with acromegaly, with cardiac complications contributing to the
death of up to 60% of patients [15]. Although cardiovascular disease has been the
leading cause of morbidity and mortality in this population [16], a recent meta-
analysis showed that in studies done after 2008, a larger proportion of deaths in
patients with acromegaly were due to malignancies [17].

Elevated IGF-1 and GH impact the cardiovascular system by affecting myocyte
structure and function, cardiac contractility, and vascular function. There is an
increase in myocyte amino acid uptake and protein synthesis, cardiomyocyte size,
and cardiac muscle gene expression. There is also an increase in transcription of
major cardiac muscle-specific genes, including troponin 1, myosin light chain-2, o
actin, and IGF1-binding protein, leading to fibrosis and sarcomerogenesis (increased
sarcomere units). GH increases the rate of the cardiac collagen deposition, and
IGF-1 promotes collagen synthesis by fibroblasts [18]. Cardiac growth is activated
in a parallel manner leading to a biventricular hypertrophic response [19]. Ventricular
relaxation is impaired, eventually resulting in initial diastolic dysfunction and sub-
sequent systolic dysfunction [20].

The clinical manifestations of acromegalic cardiomyopathy are biventricular
hypertrophy, diastolic and systolic dysfunction, and valvular regurgitation. Since
there is a delay in the diagnosis of acromegaly, these changes in cardiovascular
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function develop years prior to patient presentation, diagnosis, and treatment. These
morphological changes leading to biventricular hypertrophy may be exacerbated by
hypertension [21].

Undiagnosed and untreated acromegaly can eventually lead to heart failure.
Patients may present with the clinical features of right heart failure including periph-
eral edema and weight gain, while patients with left heart failure may present with
orthopnea, dyspnea on exertion, and chest pain. These symptoms are common to all
patients with heart failure, and it is challenging to distinguish cardiomyopathy due
to acromegaly from other causes of heart failure. The presence of other clinical
features of acromegaly should lead to biochemical testing such as measuring an
IGF-1 level or performing a GH suppression test to confirm the diagnosis of acro-
megaly, but too often the acromegalic features are overlooked.

Management is based on the usual standard of care cardiovascular measures to
treat heart failure and at treating underlying acromegaly and normalizing the IGF-1
levels. Transsphenoidal tumor resection is the first-line treatment with the goal of
achieving surgical cure, and the success of this procedure is determined by tumor
size and characteristics and by the experience of the surgeon [22].

The goal of treatment is to lower the IGF-1 into the normal range. Following
transsphenoidal resection of a pituitary adenoma, the GH can normalize within
hours, but the IGF-1 may take weeks to months to normalize. Fluid retention may
resolve soon after; however, the cardiac complications may not abate until months
after IGF-1 is normalized [23].

Medical treatment with somatostatin receptor ligands (SRLs) may be considered
in patients who are not surgical candidates or in those in whom surgical cure was
not obtained and may relieve symptoms and control tumor growth in 50-60% of
patients. Dopamine agonists, such as cabergoline, can be used in cases with mild-
to-moderate elevation of IGF-1. Pegvisomant, a GH receptor antagonist, can also be
used to lower IGF-1 levels. While SLRs and dopamine agonists act at the site of the
tumor to inhibit GH secretion, pegvisomant prevents production of IGF-1 and leads
to arise in GH levels [23, 24].

The goal of treatment in patients with acromegalic cardiomyopathy is to normal-
ize GH and/or IGF-1 levels. This has been correlated to a reduction in mortality and
an improvement in prognosis. Serum GH levels of less than 1 ng/ml following treat-
ment of acromegaly reduce the mortality rate to that of an age-matched control
population [25].

Vascular function is also affected and manifests as hypertension, dyslipidemia,
and insulin resistance which will be discussed in the following sections.

Hypertension

Hypertension is seen in 30% to 45% of cases of acromegaly, primarily due to the
anti-natriuretic action of GH body fluid expansion, increased arterial stiffness, and
endothelial dysfunction [10].



266 D. Yogi-Morren and L. Kennedy

Angiotensin-converting enzyme inhibitors (ACEi) and angiotensin receptor
blockers (ARBs), used to treat patients with hypertension, have been shown to
reduce left ventricular remodeling in patients with myocardial infarction [26]. A
small preliminary study showed that patients with hypertension and acromegaly
being treated with either ACEi or ARBs had lower end-diastolic volume index and
end-systolic volume index compared to those with no hypertension or hypertension
treated with other antihypertensive medications [27]. End-diastolic volume index
and end-systolic volume index are important markers of cardiac remodeling.

Acromegaly may also be associated with an increase in serum aldosterone levels.
The use of ACEi and ARBs will also reduce the effects of aldosterone excess by
blocking the renin-angiotensin system. This reduces cardiac preload and possibly
the local myocardial response to aldosterone excess [28, 29]. ACEi have also been
shown to attenuate actions of IGF-1 on cardiac fibroblast proliferation, which indi-
cates that ACEi may have a direct effect on the response of the cardiac myocytes to
GH and may directly inhibit the development of acromegalic cardiomyopathy.

Given that acromegalic cardiomyopathy, which involves a biventricular hyper-
trophic response, tends to be more prominent in patients with coexisting hyperten-
sion, it would be prudent to select antihypertensive agents that also have beneficial
effect on cardiac remodeling.

In our case, it is very likely that acromegalic cardiomyopathy was a significant
contributory factor — perhaps the main factor — in the development of heart failure,
given the pathological features of the removed mitral valve. It is interesting that
acromegaly was not diagnosed until 2 years after cardiac surgery despite the history
of sleep apnea and the change in his jaw having been noted 5 years before the heart
failure. Sadly, most patients with acromegaly will have had symptoms for as long as
up to 12 years before the diagnosis is made [30]. A recent study showed that diagnos-
tic delay is associated with increased morbidity and mortality. The most frequent
comorbidities were neoplasms and cardiovascular and musculoskeletal diseases [31].

Dysglycemia

The prevalence of dysglycemia is increased in acromegaly. As many as 30% of
patients may have frank diabetes, and a similar percentage have impaired glucose
tolerance [1, 30].

Pituitary surgery resulting in normalization of IGF-1 has been shown to normalize
HbA ¢ in almost 50% of patients [32]. In those in whom diabetes persists, treatment
is accepted to be the same as for type 2 diabetes in general — lowering HbAlc while
avoiding hypoglycemia — and metformin is the usual first-line drug therapy [1]. Until
recently, a sulfonylurea or insulin has been the most common additional treatment,
but the availability of antihyperglycemic agents that reduce cardiovascular risk and
at the same time are less likely to cause hypoglycemia, brings a new dimension.
GLP-1 receptor agonists have been shown to decrease cardiovascular risk in the
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general diabetes population [33, 34] and would seem to be a logical second-line
therapy in acromegalic patients, though we know of no published studies supporting
this. Sodium glucose co-transporter inhibitors (SGLT-2i) have also been shown to
decrease cardiovascular risk in diabetes, but caution is required in acromegaly
because of risk of inducing diabetic ketoacidosis [35, 36]. The increased availability
of free fatty acids in acromegaly likely plays a pathophysiologic role in this.

The medical treatment of persistent elevation of GH and IGF-1 following sur-
gery is another factor that can influence diabetes. SLRs will generally be expected
to have little effect on glycemic control, since the potential benefit of decreased
insulin resistance as GH levels decrease may be counterbalanced by suppression of
insulin secretion. Fasting glucose and HbAlc levels are generally unchanged, but
postprandial glucose may increase [37]. Occasionally however, with octreotide or
lanreotide, glycemic control can worsen, so careful glucose monitoring is advisable.

Pasireotide, a multi-receptor-targeted somatostatin analogue, with greatly
increased binding affinity for the somatostatin receptor subtype 5 (SSTRS) com-
pared to octreotide, has been shown to decrease GH and IGF-1 more effectively, but
at the potential cost of inducing hyperglycemia and worsening glycemic control in
patients with diabetes [38]. Baseline glucose, older age, and features of metabolic
syndrome such as hypertension and dyslipidemia are predictive of the likely devel-
opment of hyperglycemia [38, 39]. The likely mechanism is the greater binding
affinity to SSTRS than to SSTR2; both of these receptor subtypes are found on the
insulin-secreting beta cells of the pancreatic islets, while SSTR2 predominates on
the glucagon-secreting alpha cells. There also is inhibition of incretin secretion by
pasireotide. Therefore, insulin secretion is negatively impacted to a much greater
degree than glucagon, a hormone antagonistic to insulin, resulting in hyperglyce-
mia. Careful consideration therefore is required when weighing the potential bene-
fits of pasireotide treatment in acromegaly against the potential hyperglycemic risk,
particularly in those patients with metabolic syndrome.

The GH receptor antagonist pegvisomant, on the other hand, has been shown to
be associated with improvement in glycemic control [40, 41]. One study showed a
decrease in HbAlc of >1.0% in patients with acromegaly and diabetes during
6 months of pegvisomant treatment. The mechanism is felt to be increased insulin
sensitivity due to decreased activation of GH receptors. Higher doses of pegviso-
mant are typically required to normalize IGF-1 in patients with diabetes than in
those without. The reason for this may be that the hyperinsulinism associated with
type 2 diabetes and treatment with insulin will increase the number of GH receptors
on the hepatocytes and hence also liver sensitivity to GH [42]. Fasting glucose and
HbA 1c may decrease after addition of pegvisomant to octreotide or lanreotide treat-
ment. However, in a study of combination treatment (pegvisomant plus SSA), fast-
ing glucose and HbAlc increased over a 12-week period when pasireotide was
substituted for either octreotide or lanreotide [43].

A recent consensus statement suggested that all acromegalic patients should be
screened for dysglycemia at diagnosis, with continuing monitoring during follow-
up, and that treatment of hyperglycemia is essential for optimal outcome [1].
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Dyslipidemia

Several studies have demonstrated that dyslipidemia is common in patients with
active acromegaly [44, 45]. Increases in total cholesterol, LDL-cholesterol, VLDL-
cholesterol, triglycerides, and lipoprotein(a) and decreased HDL-cholesterol in
comparison to control populations have all been described, with perhaps hypertri-
glyceridemia and increased lipoprotein(a) being the most common. Controlling
acromegaly — normalizing IGF-1 — may restore these abnormalities to normal [46].

Recent endocrine society guidelines have endorsed the need to measure lipid
profile before and after treatment of acromegaly [47]. For persistent dyslipidemia in
acromegaly, the use of statin drugs has been shown to be effective in improving the
lipid profile [48]. We would suggest that the aim should be to reduce LDL-cholesterol
to <70 mg/dL, as is the case in patients with diabetes.

In our case, diagnosis of hyperlipidemia was made approximately a year before
the diagnosis of acromegaly, when treatment with atorvastatin 40 mg was started.
The LDL-C had an excellent response to atorvastatin which was continued after
transsphenoidal surgery and maintained LDL-cholesterol just above 70 mg/
dL. HbAIc, while not normal, has not been in the diabetes range and did not change
after surgery. Fasting glucose decreased to within the normal range. He has not
been treated with any antihyperglycemic agent.

Sleep Apnea

Obstructive sleep apnea (OSA) is a condition that affects 20-80% of patients with
acromegaly [49, 50]. Most of the cases, about two thirds, are due to the obstructive
form where patients with acromegaly may develop soft tissue swelling of the air-
ways and changes in the craniofacial bones. The remaining one third of cases are
due to central sleep apnea where brain control of respiration is affected by elevated
GH and IGF-1 levels. People with sleep apnea are at increased risk of hypertension
and stroke [51].

A recent meta-analysis found that the apnea hypopnea index (AHI) in patients
with acromegaly and OSA did improve after short-term treatment of GH excess in
longitudinal studies. However, overall, the prevalence of OSA and the AHI were not
significantly different between patients with active and inactive disease [52]. It is
possible that changes to the upper respiratory airways may not be fully reversible
and may account for this finding. Other comorbidities that develop during the course
of acromegaly such as obesity, heart failure, type 2 diabetes, and arrhythmias may
also contribute.

Hypopituitarism

Patients with acromegaly who present with macroadenomas may have
hypopituitarism.
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The rate of hypopituitarism following surgical resection for the treatment of
acromegaly was found to be 12.79% (95% CI 9.88-16.00%) in a meta- analysis
[53]. The rate of hypopituitarism following radiation is approximately 40% in the
first 10 years. The most common deficiency is of gonadotropins followed by corti-
cotropin and then thyroid stimulating hormone deficiency [54].

The mainstay of treatment of hypopituitarism is replacement of the deficient
hormones which can impact the cardiometabolic risk factors. There is potential for
over-treatment of adrenal insufficiency with glucocorticoids. It has been recognized
that patients continue to experience increased rates of morbidity and premature
mortality due to non-physiological and glucocorticoid over treatment [55, 56].
Modified-release hydrocortisone formulations have recently been developed as cor-
tisol replacement therapy which may help ameliorate these effects. In contrast,
insufficient thyroid hormone replacement may contribute to dyslipidemia and
increased cardiovascular risk [57]. Low testosterone levels may be associated with
dyslipidemia and other markers of increased cardiovascular risk, such as hyperten-
sion and increased inflammatory markers [58]. Yet, there continues to be contro-
versy over whether or not testosterone therapy may increase cardiovascular risk.
This is probably due to the increasing use of testosterone in aging men in the absence
of pituitary or gonadal disease.

In our case, after pituitary surgery and treatment with a long-acting somatosta-
tin receptor ligand, his sleep apnea resolved. Periodic monitoring of free T4, tes-
tosterone, as well as cortisol levels was continued to ensure appropriate
replacement and to determine whether ACTH deficiency occurs as a result of radi-
ation. In addition, metabolic and cardiovascular parameters are being closely
followed.

Conclusions

The concept that acromegaly increases cardiometabolic risk has been well estab-
lished. Attention to all aspects of the condition is necessary to try to eliminate the
risk. We believe that efforts to reduce the delay in diagnosis of acromegaly would
constitute the single most beneficial step forward so that the cascade of factors con-
tributing to increased cardiometabolic risk could be mitigated.
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Chapter 22

Minimizing Cardiometabolic Risk Factors
and Other Complications in Patients

with Cushing’s Syndrome and Disease

Sydney L. Blount and Julie M. Silverstein

Case Presentation

A 40-year-old premenopausal female presents with rapid weight gain, new-onset
hypertension, a non-healing right toe ulcer, type 2 diabetes mellitus with worsening
hyperglycemia, and a T10 vertebral fracture after a ground level fall. She is diag-
nosed with Cushing’s disease based on biochemical testing and a pituitary microad-
enoma identified on MRI. She presents to the emergency room 1 week prior to her
scheduled transsphenoidal pituitary surgery with dyspnea on exertion. Evaluation
for acute coronary syndrome is negative; however she is diagnosed with a right
segmental pulmonary embolism.

Introduction

Cushing’s disease (CD) is a clinical condition characterized by overproduction of
ACTH by a pituitary adenoma resulting in hypercortisolemia. CD accounts for
75-80% of ACTH-dependent Cushing’s syndrome (CS) and is associated with
increased morbidity and mortality, primarily from increased cardiovascular risk. It
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Fig. 22.1 Main comorbidities and clinical complications associated with morbidity in patients
with Cushing’s disease. (Reprinted and used with permission from Elsevier) [4]

is estimated that the standardized mortality ratio is increased up to 4.8 in CD [1].
Along with treatment of hypercortisolemia, prompt recognition and management of
complications of CD are imperative (Fig. 22.1). Due to the rarity of CD and the
generalizability of hypercortisolemia from CS to CD, literature from CS will be
included in this chapter.

Cardiometabolic Complications (Table 22.1)

Hypertension

Hypertension is exceedingly common in states of hypercortisolism, affecting
55-85% of patients with CD [2]. The prevalence of hypertension is correlated with
the duration of hypercortisolism [3, 4]. An early hallmark feature of hypertension in
CS is loss of the physiologic nocturnal fall in blood pressure, likely related to the
disruption of cortisol’s circadian rhythm [5]. Hypertension in CS results from
increased cardiac output, total peripheral resistance, and renovascular resistance via
many mechanisms, including (1) activation of the renin-angiotensin system by
increased hepatic production of angiotensinogen; (2) mineralocorticoid activity of
cortisol, which at high levels can overwhelm 11f-hydroxysteroid dehydrogenase
type 2 (11B-HSD?2), the enzyme responsible for inactivating cortisol; (3) suppres-
sion of the vasodilatory system including inhibition of the synthesis of nitric oxide
synthase; and (4) enhancement of cardiovascular reactivity to vasoconstrictors
including catecholamines, vasopressin, and angiotensin II [3, 5-7]. Additional
mechanisms include insulin resistance, sleep apnea due to disproportionate weight
gain in the head and neck, and increased erythropoietin, which has direct vasocon-
strictor effects [3].
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Table 22.1 Cardiometabolic complications in Cushing’s syndrome and disease

Complication Prevalence | Monitoring Treatment
Hypertension 55-85% [2] | Monitor BP at clinic visits ACE-I or ARB
Consider home BP monitoring | Spironolactone or
(especially for patients taking | eplerenone
mifepristone, metyrapone, or Calcium channel
osilodrostat) blockers
Beta blockers
Hypercoagulability | 54% [1] Screen for risk factors for VTE, | Anticoagulation for
clinical assessment active VTE
Perioperative VTE
prophylaxis
Dyslipidemia 36-71% Lipid panel *Statins
[2, 11, 16]
Impaired glucose 21-64% [1] | Fasting plasma glucose, oral Metformin
tolerance glucose tolerance test, HbAlc | Sulfonylureas
DPP4-inhibitors
GLP-1 receptor agonist
"SGLT?2 inhibitors
Insulin
Atherosclerotic 27-31% [1] | Clinical assessment Treat modifiable risk
changes factors
Obesity 32-41% [1] | Clinical assessment Lifestyle interventions
Hepatic steatosis 20% [37] Clinical assessment Lifestyle interventions
Hepatology referral

*Rosuvastatin, pravastatin, and pitavastatin for patients on ketoconazole or mifepristone

"Use with caution given risk of urinary tract infection, genital mycotic infections, and eugly-
cemic DKA

¢Prevalence in Cushing’s syndrome

The primary treatment of CD-related hypertension is reduction of circulating
cortisol by surgery, typically transsphenoidal pituitary surgery. Treatment of CD
with pituitary-directed medications, pasireotide, and cabergoline has been shown to
improve hypertension [3-5]. Mifepristone, a glucocorticoid receptor antagonist, has
yielded mixed results on hypertension. In the SEISMIC study, 52% of patients had
a reduction of >5 mmHg from baseline in diastolic blood pressure or a reduction in
antihypertensive medications at 24 weeks; however mifepristone increases circulat-
ing cortisol levels through feedback activation of the hypothalamic-pituitary-adrenal
axis which can in turn cause hypertension via mineralocorticoid receptor activation
[8, 9]. Steroidogenesis inhibitors, metyrapone and osilodrostat, have the potential to
worsen hypertension due to increased cortisol and aldosterone precursors such as
11-deoxycorticosterone, a potent mineralocorticoid; however this effect is often
counterbalanced by the overall reduction in circulating cortisol [2-5]. Ketoconazole
and mitotane, other steroidogenesis inhibitors, have been shown to improve hyper-
tension [5].

In addition to the treatment of CD, antihypertensive therapy is often required to
control blood pressure. First-line treatment options include angiotensin-converting
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enzyme inhibitors or angiotensin receptor blockers and mineralocorticoid receptor
antagonists, given the underlying activation of the renin-angiotensin system and
mineralocorticoid activity of cortisol. Mineralocorticoid receptor antagonists, spi-
ronolactone or eplerenone, are recommended for treatment of hypertension associ-
ated with mifepristone. Calcium channel blockers and adrenergic blockers are often
ineffective as monotherapy but can be utilized as combination therapy [3]. Some
advocate against the use of furosemide given its calciuretic properties and the risk
of osteoporotic fractures and nephrolithiasis that accompany CD [3, 10]. Control of
hypercortisolism by surgical, neurosurgical, or pharmacologic means is effective in
lowering blood pressure in most hypertensive CS patients, normalizing it in approx-
imately 50%. However, hypertension can persist despite remission, likely due to
underlying essential hypertension or irreparable vascular remodeling from long-
standing hypertension [6, 7, 11].

Thromboembolism

Arterial and venous thromboembolic events including venous thromboembolism
(VTE), pulmonary embolism, myocardial infarction, and stroke are increasingly
recognized complications of CD and the leading cause of mortality in CS. Compared
to the general population, CS patients have an increased odds ratio of 17.8 for devel-
oping VTE, with a notable increased risk during the postoperative period, as well as
a hazard ratio of 3.7 for myocardial infarction and 2.0 for stroke [12, 13]. The
underlying mechanism of hypercoagulability in CD has not been fully elucidated
but has been attributed to multiple coagulation and fibrinolysis abnormalities [14].
Elevated levels of Factor VIII, von Willebrand factor, and fibrinogen with subse-
quent shortening of the activated partial thromboplastin time have been consistently
demonstrated in CS patients and are thought to increase the coagulation risk [4, 15,
16]. Plasminogen activator inhibitor 1 levels are elevated, possibly representing
impaired fibrinolytic capacity [4]. Interestingly, elevated levels of endogenous
coagulation inhibition factors, protein C and protein S, have also been reported,
likely representing a compensatory mechanism for the increased coagulation factors
[17, 18]. Additional risks for thromboembolism include obesity, polycythemia, and
increased platelet count [3, 4, 17].

Clinicians should maintain a high level of suspicion for venous thrombosis and
screen all patients for risk factors with a thorough medical history, family history,
and physical exam. If risk factors are identified, anticoagulation can be considered
in patients with active CD. The Endocrine Society recommends perioperative VTE
prophylaxis for those undergoing surgery [19]. There are no randomized controlled
trials to guide specific perioperative pharmacologic prophylaxis. Multiple regimens
have been suggested in the literature including low molecular weight heparin, hepa-
rin, fondaparinux, aspirin, and warfarin for varying durations [15, 20, 21]. In a sur-
vey of pituitary centers with experience in treatment of CD, 61% utilize low
molecular weight heparin for 1-2 weeks, although some advocate for longer



22 Minimizing Cardiometabolic Risk Factors and Other Complications in Patients... 279

duration of prophylaxis, up to 60 days [21, 22]. Studies offer conflicting results on
the improvement of coagulation factors with some suggesting improvement in
parameters after 1 year of biochemical remission [14, 21, 23, 24].

Dyslipidemia

The prevalence of dyslipidemia in patients with CD ranges from 36% to 71% [2, 11,
16]. Patients with CD have increased total LDL cholesterol, VLDL cholesterol, total
cholesterol, and triglycerides with reduced HDL cholesterol [11, 25]. Although the
exact pathophysiology has yet to be fully understood, dyslipidemia is believed to
result from direct and indirect cortisol actions on lipolysis, free fatty acid produc-
tion and turnover, lipoprotein synthesis, and fatty accumulation in the liver [2, 16,
25]. In addition, obesity and impaired glucose metabolism likely contribute.
Dyslipidemia should be aggressively treated in patients with CD given their
increased cardiovascular morbidity and mortality. Treatment is similar to dyslipid-
emia in patients without CD with a few exceptions for drug interactions. Clinicians
must be cognizant that ketoconazole and mifepristone, cytochrome P450 3A4 inhib-
itors, increase the plasma concentration of atorvastatin, lovastatin, and simvastatin.
Additionally, mifepristone is a moderate CYP2C9 inhibitor which may lead to an
increased concentration of fluvastatin [11]. Rosuvastatin, pravastatin, and pitavas-
tatin are options for patients on ketoconazole or mifepristone. Mitotane is an inducer
of CYP3A4 and may reduce concentrations of simvastatin, atorvastatin, and lovas-
tatin. Treatment with mitotane increases levels of LDL cholesterol [1]. There are no
significant drug interactions between statins and pasireotide, osilodrostat, or metyr-
apone. Surgical remission is often associated with improvement of lipid profiles;
however, dyslipidemia has been reported to persist in up to 30% of patients with CD
after disease remission [2, 4].

Impaired Glucose Tolerance

Impaired glucose tolerance is present in 21-64% of patients with CD, and overt
diabetes is present in 20-47% [2, 11]. Hypercortisolism causes increased gluconeo-
genesis within the liver, impaired insulin sensitivity in skeletal muscle and adipose
tissue, and pancreatic p-cell dysfunction leading to elevated circulating glucose lev-
els [26, 27]. In the liver, increased glucose production is believed to occur due to
increased gluconeogenesis as a result of the induction of the expression of essential
enzymes for gluconeogenesis; stimulation of lipolysis and proteolysis, which
increase the substrates for gluconeogenesis; and potentiation of hormones involved
in glucose metabolism, mainly glucagon [26]. Insulin resistance occurs as a result
of impaired insulin receptor signaling cascade by glucocorticoids directly and indi-
rectly through modified lipid and protein metabolism [26, 27]. In the adipose tissue,
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glucocorticoids stimulate differentiation of preadipocytes to adipocytes contribut-
ing to increased body fat mass, specifically visceral adiposity rather than peripheral,
giving way to the typical central obesity seen in CD and contributing to insulin
resistance and the metabolic syndrome [26]. As with other complications of CD,
control of hypercortisolism is the first step. Medical treatment with ketoconazole,
mitotane, cabergoline, and osilodrostat is associated with improvement in glucose
metabolism in patients with CS [27, 28]. Mifepristone is FDA approved for control
of hyperglycemia secondary to hypercortisolism in adult patients with CS [27].
Pasireotide, on the other hand, is associated with hyperglycemia. In clinical studies
68.4—73% of patients reported at least one hyperglycemia-related adverse event [29,
30]. Pasireotide-induced hyperglycemia results from reduced insulin and incretin
secretion due to high affinity binding of somatostatin receptor subtype 5 which,
along with somatostatin receptor subtype 2, mediates insulin secretion in pancreatic
islet cells. Patients initiated on pasireotide should have fasting plasma glucose and
HbA . evaluated prior to initiation of therapy and blood glucose monitoring during
initiation with frequency depending on the presence of abnormal glucose metabo-
lism at baseline [31].

Glucose metabolism impairment typically resolves with normalization of corti-
sol levels; however insulin resistance may persist. Control of hyperglycemia in
patients with active hypercortisolism is imperative, particularly in those awaiting
surgery in order to minimize postsurgical complications. First-line therapy includes
medications to improve insulin sensitivity, such as metformin, or to stimulate insu-
lin secretion, such as sulfonylureas or meglitinides. Other treatment options include
dipeptidyl peptidase (DPP)-4 inhibitors, glucagon-like peptide (GLP)-1 receptor
agonists, and insulin. Due to the associated risk of urinary and genital infections as
well as euglycemic diabetic ketoacidosis, the use of sodium glucose cotransporter 2
inhibitors should be carefully considered [32]. Pioglitazone is typically avoided
given the risk of heart failure exacerbation and fracture risk given the prevalence of
osteoporosis in CD [27]. For pasireotide-induced hyperglycemia in patients not cur-
rently on insulin, treatment with metformin is recommended. If glycemic control is
not achieved with metformin alone, a DPP-4 inhibitor should be added. A GLP-1
receptor agonist should replace the DPP-4 inhibitor if glucose control is not
obtained, with insulin initiated as last-line therapy in addition to metformin for
those not controlled on metformin and DPP-4 inhibitors or GLP-1 receptor ago-
nists [31].

Cardiovascular

Atherosclerotic changes occur in 27-31% of patients with active CD. These changes
include increased atherosclerotic carotid artery changes, such as high intima-media
thickness and low distensibility coefficient on ultrasound imaging [ 1]. Atherosclerosis
in CD results from the combination of systemic arterial hypertension, impaired glu-
cose metabolism, dyslipidemia, visceral obesity, and thrombotic diathesis [33].
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While remission from hypercortisolism improves vascular parameters, they are not
normalized. Patients cured from CD for 5 years had a higher prevalence of athero-
sclerosis compared with age-, sex-, and BMI-matched controls [34].

Increased left ventricular mass index and relative wall thickness have been
reported in CS with variable reports on diastolic dysfunction, although systolic
function has generally been noted to be preserved in CS [2, 35, 36]. Abnormalities
in cardiac morphology and function improve but may not return to normal with
remission [36].

Obesity

Weight gain is among the most common features of CD, with weight excess seen in
57-100% of patients and obesity reported in 32—41% of patients with active CD [1,
4]. Obesity associated with CD is centripetal rather than generalized weight gain,
represented by an increased waist-to-hip ratio (WHR) with preferential visceral
accumulation of fat [4]. Glucocorticoids stimulate the differentiation of preadipo-
cytes to adipocytes leading to increased body fat mass. Additionally, glucocorticoid
excess affects adipose tissue metabolism contributing to the development of insulin
resistance and ultimately the metabolic syndrome characteristic of CD [26].
Remission can improve but does not consistently normalize weight excess [4].

Hepatic Steatosis

Hepatic steatosis has been identified via computed tomography (CT) in 20% of
patients with CS [37] and is significantly correlated with total abdominal and vis-
ceral fat area. In the liver, glucocorticoids stimulate enzymes involved in fatty acid
synthesis and promote the secretion of lipoproteins, contributing to liver steatosis
[4, 38]. It remains to be elucidated if remission improves hepatic steatosis.
Hepatology referral should be considered.

Other Complications

Immunologic

The prevalence of infections in CS is reported to be 21-51% [4]. The susceptibility
to infection is correlated with the severity of hypercortisolism [39]. Glucocorticoids
are potent anti-inflammatory and immunosuppressive agents. Excessive glucocorti-
coids have been shown to suppress cellular and humoral immune function, thereby
increasing the risk of opportunistic infections, particularly invasive fungal infections
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[39, 40]. Pneumocystis jirovecii pneumonia (PJP) has been reported in patients with
CS, particularly in patients with ectopic ACTH production and severe hypercorti-
solism. The risk of infection is potentiated by hyperglycemia, atrophy of the skin
disrupting the protective barrier against pathogens, and poor wound healing [39, 41].
The diagnosis of infection in the setting of cortisol excess can be challenging due to
the masking of the typical infectious signs and symptoms, for example, leukocytosis
and fever, due to the anti-inflammatory properties of glucocorticoids [4, 39]. Age-
appropriate vaccinations should be offered to all patients with CD [19]. Due to lack
of large studies, PJP prophylaxis is not formally recommended but should be consid-
ered in patients with severe hypercortisolemia [41].

Musculoskeletal

Osteoporosis is found in 38-50% of CD patients, and skeletal fractures, mainly
vertebral, have been reported in up to 70% of patients with endogenous hypercorti-
solism [4, 11]. Excess cortisol inhibits bone formation, increases bone resorption,
decreases calcium absorption from the gut, and influences the secretion of hormones
(e.g., gonadotropins), cytokines, and growth factors related to bone metabolism [4,
42]. The catabolic effects of hypercortisolemia on muscles, which leads to muscle
weakness and disuse, may also play a role by decreasing the muscle trophic effect
on the bone [4]. Evaluation of bone mineral density with dual-energy X-ray absorp-
tiometry (DEXA), assessment of vitamin D levels, and maintenance of adequate
calcium and vitamin D intake are recommended [19, 43]. Bone damage is poten-
tially reversible with control of hypercortisolism; however the time to complete
bone recovery is relatively long (3-5 years) and variable [4, 43]. Patients at high
fracture risk, e.g., older patients, patients with low (¢ score —1.0 to —2.5) or very low
(t score < —2.5) bone mineral density via DEXA, history of fragility fracture, or low
chance for cure in the near future, should be considered for bisphosphonate ther-
apy [43].

Myopathy, mainly affecting the proximal muscles, is frequently described in CS,
with a prevalence of 42-83% [4]. Glucocorticoids induce type 2 muscle fiber atro-
phy, impair protein synthesis in muscles, stimulate proteolysis, and impair sarco-
lemma excitability [4, 44]. Proximal muscle weakness is generally thought to
improve with remission; however functional muscle impairment has been described
during long-term follow-up despite remission [45]. Patients may need physical ther-
apy after surgical cure for CD.

Dermatologic

Dermatologic manifestations occur in about 60-90% of patients with CS [4].
Abnormalities include purple striae, facial plethora, bruising, delayed wound heal-
ing, hyperpigmentation, acanthosis nigricans, acne, hirsutism, and alopecia.
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Impaired keratinocyte and dermal fibroblast proliferation, in addition to impaired
synthesis and turnover of collagen and mucopolysaccharides, leads to skin atrophy
and vascular fragility. Hirsutism, acne, and alopecia are attributed to adrenal andro-
gens. Hyperpigmentation can be seen in CD due to binding of ACTH to melanocor-
tin receptors on melanocytes. Dermatologic manifestations improve after surgical
or pharmacologic remission with the exception of striae which often lighten in color
but do not disappear [4].

Neuropsychiatric

Psychopathology is exceedingly prevalent in CD, with 54-85% of patients diag-
nosed with some psychiatric disturbance. The most common psychopathology asso-
ciated with endogenous hypercortisolism is major depression with a prevalence of
55-80% [1]. Other psychopathological manifestations include anxiety, mania, acute
psychosis, emotional lability, and paranoia [46]. Irritability is commonly reported
and has an early onset, often before other signs and symptoms of CD are apparent.
Neurocognitive disorders, typically manifested by impairment of concentration and
memory, have been reported in over 60% of CS patients [47]. The pathophysiology
of neuropsychiatric dysfunction related to hypercortisolism is not fully understood
but is thought to be related to chronic brain exposure to cortisol excess causing deep
structural and functional changes to the hippocampus, amygdala, and prefrontal
cortex, areas of the brain rich in glucocorticoid receptors [1, 4]. Apparent cerebral
atrophy, notably hippocampal atrophy, is present in CS and is at least partially
reversible following correction of hypercortisolism [48].

The mainstay of treatment is normalization of cortisol with surgery or medica-
tions. Antidepressants, such as selective serotonin reuptake inhibitors or serotonin-
norepinephrine reuptake inhibitors, and psychotherapeutic strategies such as
cognitive behavioral therapy can be utilized while awaiting definitive treatment of
hypercortisolism, although antidepressants are typically less effective in the setting
of marked hypercortisolism [4, 46]. Neuropsychiatric disorders generally improve
after disease remission; however several studies reported that these disorders can
persist long term after resolution of hypercortisolism and in a subset of patients may
worsen, possibly related to relative glucocorticoid deficiency [47].

Reproductive

Reproductive and sexual disorders are frequently reported in CS. The most common
clinical features are decreased libido (24-90%), hypogonadism in men (50-75%),
and menstrual irregularity (43—-80%) [4]. It is suggested that hypercortisolism inhib-
its the action of gonadotropins on the gonads and gonadotropin-releasing hormone
secretion from the hypothalamus [49]. In CD, compression of the normal pituitary
gland from an adenoma may lead to reduced gonadotropin synthesis and release.
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There is some data to suggest that hypogonadism in males resolves after remission;
however resolution of hypogonadism and menstrual irregularities is variable and
requires evaluation after remission. Hormone replacement is not usually recom-
mended during active disease due to high thromboembolic risk; however if gonadal
function has not been restored after 3 months or more of remission, replacement can
be considered [46, 50].

Conclusion

CD is associated with significant clinical burden, with increased mortality and
impaired quality of life. Early diagnosis of CD along with rapid detection and treat-
ment of the cardiometabolic complications is crucial to limit long-term mortality
and morbidity.
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Benefits and Risks of Sex Hormone
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with Hypopituitarism and Hypogonadism
Across the Lifespan

Margaret E. Wierman

Case Presentation

A 26-year-old woman with hypopituitarism presents to the endocrine clinic to dis-
cuss optimal sex hormonal therapy. She had a history of a normal pubertal develop-
ment with onset of menarche at age 12. Her menses were regular until age 20 when
the intermenstrual interval shortened. She then experienced amenorrhea and galac-
torrhea associated with headaches and visual disturbance at age 21. At age 22 she
was seen by her ophthalmologist who noted bitemporal hemianopsia, and an MRI
revealed a large 4.2 x 3.4 x 3.5 cm sellar and suprasellar mass consistent with a
pituitary macroadenoma. Hormonal evaluation demonstrated hyperprolactinemia
7000 ng/ml associated with hypogonadotropic hypogonadism with low follicle-
stimulating hormone (FSH) 2 IU/L, luteinizing hormone (LH) I IU/L, and a prepu-
bertal estradiol level 22 pg/mL. In addition, she had evidence of central
hypothyroidism with a low thyroid-stimulating hormone (TSH) of 0.1 mIU/L and
low free T4 of 0.6 ng/dL. Her remaining pituitary-adrenal axis testing was within
normal limits with an adrenocorticotropic hormone (ACTH) level of 15 pg/mL and
morning cortisol of 10 ug/dL. The patient was placed on a dopamine agonist (DA),
cabergoline 0.5 mg biweekly, and her prolactin level decreased to 500 ng/mL after
3 months. After 1 year, her prolactin level had decreased to 250 ng/mL, but did not
normalize (goal <10) despite increasing the dose of the DA and spreading the dos-
ing across the week for the potential rapid metabolism of the medication. Her men-
ses did not return. MRI imaging demonstrated resolution of the intra- and suprasellar
components of the mass with residual tumor in the bilateral cavernous sinuses.
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Surgery was considered but was not thought to be an option. Radiation therapy also
was considered. She presented to the endocrine clinic to discuss optimal sex hor-
mone therapy now and in the future.

Introduction: Incidence, Prevalence, and Implications

The prevalence of sex hormone deficiency can be as high as 95% in patients present-
ing with sellar tumors, as well as after surgery or radiotherapy for sellar lesions [1,
2]. Central hypogonadism is also prevalent for patients who have had cranial irra-
diation for other brain lesions [2]. Hyperprolactinemia directly secreted from the
tumor, stalk compression, or medications is a common cause of central hypogonad-
ism [3, 4]. There are limited studies of the long-term impact of sex steroid defi-
ciency in patients with hypopituitarism. However, untreated gonadotropin deficiency
is an independent factor adversely affecting mortality (hazard ratio, 1.86 [99% CI,
1.15-2.45]) [5, 6]. In contrast, sex steroid replacement has been associated with a
significantly reduced standard mortality ratio (SMR) (1.42 [99% CI, 0.97-2.07] vs
2.97 [99% CI, 2.13-4.13]), although men and women were not considered sepa-
rately [7]. A more recent meta-analysis of 12 studies in the literature of 23,000
patients confirmed an increased excess mortality (SMR 1.55; 95% CI 1.14-2.11)
[6]. Risk factors included younger age at diagnosis, female gender, and hypogonad-
ism as well as a diagnosis of craniopharyngioma, radiation therapy, transcranial
therapy, and diabetes insipidus [6].

Although there are no longitudinal studies in women with hypopituitarism and
selective gonadotropin deficiency resulting in prolonged estrogen deficiency, pre-
mature ovarian insufficiency as a model of sex hormone deficiency is associated
with increased risk of cardiovascular and cerebrovascular disease [8, 9]. Studies
suggest that bilateral oophorectomy without estrogen replacement before the age of
45 years increases cardiovascular mortality [6, 10]. In patients with central hypogo-
nadism, there is a reported SMR of 2.09 (95% CI, 0.94-4.65) in females with
untreated gonadotropin deficiency compared to a SMR of 0.94 (95% CI, 0.35-2.49)
in those with treated hypogonadism [11].

Physiology and Pathophysiology

The normal control of the reproductive axis in women is complex with changes dur-
ing pubertal development to mature the hypothalamic-pituitary-ovarian axis and
then across the menstrual cycle to control ovulatory cycles [12, 13]. The exact con-
stellation of factors controlling the onset of puberty in the female is still not clear,
but the hypothalamic-pituitary-ovarian axis in the human is activated postnatally
and then repressed at about 6 months to allow childhood growth. The repression of
the axis is mediated by neurotransmitters, but with onset of sexual maturation; kis-
speptin neurons activate gonadotropin-releasing hormone (GnRH) neurons in the
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hypothalamus to release GnRH in an episodic fashion [14]. GnRH then travels
down the median eminence of the pituitary to activate the transcription of the o
subunit, FSHP, and LHf subunit genes to produce the functional heterodimeric
gonadotropins, FSH and LH. These hormones then act at the ovary to produce
androgens, estrogens, and progesterone [13, 14].

The first sign of puberty in girls is breast development under the control of estro-
gens, which increase glandular development [15]. Only later in puberty, when pro-
gesterone is secreted from the corpus luteum, do the breasts mature fully with
differentiation of ductules. This is important to remember when inducing pubertal
development in a girl with congenital hypopituitarism or acquired before pubertal
completion. Unlike males who have a fairly static GnRH-induced LH pulse pattern
of secretion, in females the pattern must change across the monthly cycle to induce
folliculogenesis, trigger ovulation, and then ensure normal luteal function [13]. This
pattern is mimicked when attempting to induce ovulation for pregnancy. When hor-
mone therapy is considered to induce sexual maturation, estrogen alone for a period
of time is used to optimally develop breast glandular development, and then proges-
tin added intermittently after menses begin [16].

In the adult woman with central hypogonadism because of pituitary disease, one
may consider physiologic hormone therapy regimens with cyclic estrogen and pro-
gestin: however, often the patient can be placed on a low-dose oral contraceptive to
ensure optimal estrogen replacement for convenience [17, 18]. Consideration of
hormone therapy for the menopausal woman with hypopituitarism is similar to that
of all symptomatic menopausal women based on individual risks and benefits
[19, 20].

Diagnostic Testing and Monitoring

In the patient from the case presentation, there is the consideration that, if her pro-
lactin is normalized, the reproductive axis may reactivate without intervention if the
tumor has not caused additional compressive damage to the gonadotrophs. If the
tumor is large and the prolactin decreasing slowly, replacement of the sex hormones
with an oral contraceptive can be useful to maintain menstrual cyclicity, provide
contraception, and provide target tissues with optimal estrogen action [5, 21]. If the
prolactin level cannot be normalized, often libido is not improved with sex steroid
replacement [3]. Estrogen at high doses may increase prolactin levels, but effects of
physiologic sex hormone replacement therapy or even low-dose oral contraceptive
agents have minimal effects in clinical practice [3].

Diagnostic testing in our patient would be to confirm low FSH, LH, and estra-
diol, inability to normalize the prolactin, treatment of the central hypothyroidism,
and, if present, cortisol deficiency. No further monitoring of the reproductive axis
hormone levels is needed in patients treated with oral contraceptives. If low-dose
estrogen and progestin are chosen as a therapeutic intervention, then a transdermal
or oral estradiol preparation can be administered, with the ability to target an estra-
diol level to the early to mid-follicular phase range. A progesterone component
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given intermittently is needed to ensure endometrial shedding, such as medroxypro-
gesterone 5 mg or micronized progesterone 200 mg on days 1-12 of each month.
There are no studies of the long-term outcome of cyclic or continuous low-dose
hormone therapy in young women compared to postmenopausal women given these
regimens [22]. Recent meta-analysis of effects of hormone therapy in menopausal
women suggests that daily progestin increases the risk of breast cancer compared to
intermittent or no progestin [23]. Thus, this author’s recommendation is to use inter-
mittent progestin days 1-12 each month rather than continuous dosing if this regi-
men is chosen instead of oral contraceptives for women with hypopituitarism in
their reproductive years.

Management of Sex Steroids in Women with Hypopituitarism

Prepubertal/Pubertal Patients

To induce pubertal development if the patient has congenital hypopituitarism or
acquired during childhood, the goal is to replicate the timing and process of sex
steroid action to develop secondary sexual characteristics [15]. Therefore, one
should not immediately prescribe an oral contraceptive or cyclic estrogen/progestin.
If no breast development has occurred, estrogen alone is given in a “staircasing”
escalation as occurs with normal pubertal development. The estrogen patches which
come in doses from 0.025 to 0.1 mg weekly or biweekly can be useful to induce
breast development. Oral estradiol can be used, but it has more of a peak and trough
pattern, and one solution is to split it to twice daily dosing to mimic a more continu-
ous level. The estradiol alone is given for 6-18 months until vaginal bleeding occurs
(Table 23.1). The onset of vaginal bleeding suggests endometrial stimulation has
occurred and progestin, either natural progestin (Prometrium) 200 mg days 1-12, or
medroxyprogesterone, 5 mg days 1-12 each month, is added to the continuous
estrogen therapy. Once vaginal bleeding is occurring, many providers will switch
the patient to a low-dose oral contraceptive. The packaging of the contraceptive
facilitates compliance, and the adolescent can feel more like her peers who are on
similar hormonal therapy, albeit for alternative reasons. Regular follow-up visits to
a primary care or gynecologist are suggested for any woman on hormonal therapy
or oral contraceptives especially when sexually active [18, 19].

Adult Patients

If the patient develops hypopituitarism after sexual maturation, as in our case pre-
sentation, the goal is to replace gonadal sex steroids in a convenient manner.
Although some advocate continued use of physiologic sex hormone therapy, the
cost of this therapy in comparison to oral contraceptive pills (OCPs) as well as
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Table 23.1 Estrogen/progesterone replacement in female patients with hypogonadism

Life stage Goals Potential regimens
Adolescent Estrogen replacement to induce Transdermal estradiol patch (titration
female breast development 6—18 months | 0.025 mg to 0.1 mg)
prior to addition of cyclical Oral progestin (medroxyprogesterone
progestin once menstrual bleeding | acetate 5 mg, micronized progesterone
commences 200 mg days, norethindrone 1 mg) for
days 1-12 per month
Oral estrogen and progestin containing
contraceptive pills once menstrual cycles
commence
Pre- Estrogen replacement combined Oral estradiol and progestin containing
menopausal with progestin to protect the contraceptive pills

adult female | endometrium Transdermal estrogen with daily
intermittent progestin days 1-12 of the
month

Oral estradiol with progestin containing

intrauterine device

Menopausal
female*

Estrogen replacement combined
with progestin to protect the
endometrium if uterus still present

Oral estrogen or transdermal estrogen
combined with progestin days 1-12 of the
month or continuous daily progestin
Combined estrogen/progestin transdermal
preparation

Additional systemic estrogen therapies
include gels, creams, sprays which would
need to be used with a progestin to protect
the endometrium

Lower-dose vaginal estrogen preparations
include cream, tablet, ring for vaginal and
urinary tract symptoms of
hypoestrogeniemia

*After careful assessment of individual risks and benefits including breast cancer, metabolic bone
disease, hypertension, hypercoagulability, smoking, cardiometabolic disease, and personal symp-
toms of hot flashes, painful intercourse, urinary frequency, sleep, and cognitive issues

convenience may alter the patient’s preference. Some have argued that oral estrogen
may suppress the insulin-like growth factor (IGF-)1 response to growth hormone
and might then attenuate metabolic responses to growth hormone therapy if the
patient is on this regimen [5], although no head to head studies have been per-
formed. Dosing of growth hormone in a patient with hypopituitarism may have to
be adjusted in the presence of concomitant oral estrogen [24]. Thyroid hormone
levels may also need to be adjusted in women on any type of estrogen therapy and
when this is discontinued after menopausal age.

The goal is to maintain sex hormone levels to estrogen target tissues including
the bones, the cardiovascular system, sexual function, cognition, and mental health.
There have been no prospective controlled studies comparing risk/benefit of differ-
ent types of hormonal replacement strategies. Obviously, if the patient has contrain-
dications to oral contraceptives, then low-dose hormonal therapy would be the
treatment of choice, usually with transdermal estrogen preparations (Table 23.1).



292 M. E. Wierman
Menopausal Patients

As the woman with hypopituitarism enters her 40s, discussion of the type of hor-
monal therapy should be reconsidered (Table 23.1). Smoking, hypertension, obe-
sity, and diabetes may increase the risk of oral contraceptives as the mode of
hormonal therapy and trigger the switch to a lower-dose sex hormone regimen
which can be provided with oral or transdermal estrogens and cyclic progestin to
protect the endometrium. If the woman has had a hysterectomy, only estrogen is
administered. There are no specific studies that examine risk/benefit of menopausal
hormone therapy in women with hypopituitarism. Discussion of individual risk fac-
tors for breast cancer, metabolic bone disease, cardiometabolic diseases and per-
sonal symptoms of hot flashes, painful intercourse, urinary frequency, sleep, and
cognitive issues when not prescribed estrogen is an issue for the patient to review
with her provider. The advantage of using the estrogen patches for hormonal ther-
apy in the menopause is the availability of a stepwise decrease in dose potencies to
taper hormonal therapy [19]. Thyroid replacement dosing for central hypothyroid-
ism will often need to be decreased as a woman reduces and stops estrogen therapy.
Routine health monitoring for all women with hypopituitarism should include con-
trol of hypertension, performance of lipid panel, hemoglobin Alc, mammograms,
bone densitometry, and colonoscopies as recommended by health guidelines and
individual risk based upon family history [19]. The Endocrine Society and the
International Consensus guidelines recommend against the routine prescribing of
testosterone to women with hypopituitarism [25, 26].

Regarding the patient in the case presentation, we attempted to normalize her
prolactin levels with various dosage regimens of cabergoline [27]. We discussed the
variable options for sex hormone therapy, and she chose to start oral contraceptive
therapy with ethinyl estradiol 30 ug and norethindrone 1 mg daily. Her menses
returned and were regular at monthly intervals lasting 3 days. Her thyroid hormone
replacement dose was increased to target the free T4 to the top one-third of the nor-
mal range [28)]. Retesting of her adrenal axis was performed due to effects of estro-
gen on serum cortisol levels. She will be referred to reproductive gynecology for
induction of ovulation (see Chaps. 7 and 12) when she desires fertility and will need
to follow with an endocrinologist during and after her pregnancy as well as across
her lifespan.

Conclusion

Treatment of gonadotropin deficiency and hypogonadism in females prior to the age
of menopause is important for optimization of health outcomes. The pharmacologic
approach to sex hormone replacement should be customized to the patient’s stage in
the life cycle. Estrogen alone is used in adolescent females to promote breast devel-
opment prior to the addition of intermittent progesterone regimens to induce
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cyclical endometrial shedding. In adult aged women, prior to the age of menopause,
varied regimens can be used including transdermal or oral estrogen, with the need
for a progestin to allow menses and protection of the endometrium. The choice of
replacement should be individualized after accounting for the risks and benefits for
each patient.
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Chapter 24
Impact of Repetitive and Traumatic Brain
Injury on Pituitary Function

Adriana G. Ioachimescu

Case Presentation

A 39-year-old man without a significant past medical or surgical history was involved
in a high-speed motor vehicle accident. He was found disoriented at the scene and
transported by ambulance to the emergency room. Glasgow coma scale was 13 and
CT scan of the head was unremarkable. The patient was discharged home after
24 hours of observation. Several months after the accident, he reported fatigue, weight
gain, depressed moods, decreased libido, and generalized muscle weakness despite
undergoing physical therapy. Laboratory studies performed by the primary care physi-
cian were remarkable for low testosterone of 250 ng/dL (normal, 290-950), while the
chemistry panel was normal. Upon referral to endocrinology, additional work-up con-
sisted of A.M. serum cortisol 17 pg/dL (normal, 6.7-22.2), TSH 0.5 mIU/L (normal,
0.45-5.4), free T4 1.0 ng/dL (normal, 0.6—1.7), A.M. testosterone 220 ng/dL (nl,
290-950), LH 5 mIU/L (normal, 1.2-8.6), FSH 7 mIU/L (normal 1.3-19.3), and
IGF-1 56 ng/mL (normal, 53-312 ng/mL, age- and gender-appropriate). After
3 months of topical testosterone replacement, the patient reported feeling better.
However, he continued to have low energy and exercise endurance and endorsed
decreased motivation and interest in social activities. Testosterone level was 500 ng/mL.

Traumatic Brain Injury

Traumatic brain injury (TBI) is defined as a non-degenerative, non-congenital brain
function alteration caused by an external force causing diminished or an altered state
of consciousness. TBI can lead to short- or long-term impairment of cognitive,
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physical, or psychosocial functions. TBI is a global health problem affecting approx-
imately 69 million people/year worldwide, with an incidence of 1299/100,000 in the
United States. TBI is the leading cause of death among young adults. TBI is consid-
ered a “silent epidemic” because only a fraction of patients seek medical attention
[1]. TBI diagnosis entails one of the following criteria: any period of loss or impaired
consciousness, memory loss for events immediately before or after the trauma, tran-
sient or permanent neurologic deficits, or mental changes after the injury (confusion,
disorientation, impaired thinking). TBI severity classification is based on the
Glasgow coma scale (GCS): mild (GCS 13-15, representing >75% of all TBI cases),
moderate (GCS 9-12), and severe (GCS 3-8).

In the civilian population, road traffic accidents, abusive trauma, and falls are the
most common causes of TBI. In athletes, repetitive head injuries and concussions
during contact sports such as football, hockey, lacrosse, soccer, and boxing raised
concerns for a “chronic traumatic encephalopathy” [2]. In the military combat per-
sonnel, 34% soldiers report one or multiple episodes of loss of consciousness, with
blast injuries accounting for the majority of cases [3].

TBI pathophysiology is complex, including the immediate mechanical disrup-
tion of the brain (damage of the blood vessels and neurons) followed by inflamma-
tory, metabolic, and neurodegenerative processes unfolding over weeks and months
and potentially leading to tissue damage and atrophy. Genetic (i.e., apolipoprotein
E genotypes) and immune factors are thought to play a role in recovery from TBI [4].

Even patients with mild TBI can experience long-term physical, cognitive, and
mood problems, which interfere with rehabilitation and decrease quality of life
(QoL). Patients tend to present with multiple complaints that are sometimes non-
specific and difficult to treat due to lack of disease markers and treatment targets.

Mechanism of Pituitary Function Alteration After Traumatic
Brain Injury

Although the first case of hypopituitarism after TBI was reported in 1918, the first
cross-sectional study was published in 2001 [5]. Pathophysiology is incompletely
understood, and mechanical, vascular, and autoimmune factors have been implicated.

Initial injury of the pituitary, infundibulum, and hypothalamus can cause acute
manifestations of corticoadrenal insufficiency and diabetes insipidus; these usually
occur in severe TBI cases.

Experimental studies of TBI induced in animals and longitudinal pathophysio-
logical studies in humans demonstrated additional cytotoxicity in the secondary
TBI phase which can last several weeks or months (Fig. 24.1). The secondary phase
of hypopituitarism in patients with history of TBI is multifaceted and affects pre-
dominantly the GH axis [6]. The location of the somatotroph and gonadotroph cells
in the lateral parts of the pituitary gland with vascular supply from the hypothalamo-
pituitary portal vessels makes them more susceptible to ischemia than corticotroph
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Primary (initial) injury Secondary injury Recovery

Direct insult of the pituitary, Additional Pituitary Cytotoxicity Possible resumption of
infundibulum or hypothalamus Factors: pituitary hormone function
Factors: - Ischemia Factors:

- Mechanical - Inflammation - Portal vessels regeneration
- Hypotension - Autoimmunity - Pituitary stem cells

- Hypoxia - Genetic activation

- Edema - Gut microbiome alterations

Fig. 24.1 Timeline of the pathophysiology of hypopituitarism after traumatic brain injury

and thyrotroph cells situated in the medial part of the gland, which receive dual
blood supply from the portal vessels and anterior pituitary artery branches. Other
mechanisms potentially implicated in the secondary phase include inflammation
and autoimmunity. The contribution of autoantibodies to the second phase of TBI
was suggested in a study by Tanriverdi et al. in 29 TBI patients and 60 controls:
patients with anti-pituitary antibodies (APA) had a 2.25 higher risk of hypopituita-
rism compared to APA-negative patients [7]. Another study from the same group in
61 boxers indicated anti-hypothalamic antibodies were associated with hypopituita-
rism [8]. Recently, gut dysbiosis and its impact on the GH/IGF-1 axis have been
implicated in the pathophysiology of cognitive changes after TBI [9].

Recovery of the pituitary function after TBI can happen after a few months,
which has been attributed to regeneration of portal system vasculature and activa-
tion of pituitary stem cells. Studies are needed to further understand this process and
to delineate the risk factors for persistent hypopituitarism.

Prevalence of Pituitary Dysfunction After a Single TBI

Prevalence of hypopituitarism in different studies varies widely depending on the
patient population (number, severity of TBI), design (cross-sectional versus longi-
tudinal), and methodology (interval since TBI, type of testing, assays, and thresh-
olds used for diagnosis). The caveats apply especially to GH stimulation, as more
stringent confirmatory testing was shown to reduce the likelihood of growth hor-
mone deficiency (GHD) in the TBI population [10]. In addition, retesting
6-12 months after the TBI event indicated recovery of the pituitary function in
35-50% of the affected patients [11, 12]. While isolated anterior hormone deficien-
cies are most common, more than one pituitary axis can be affected, but panhypopi-
tuitarism is rare [5, 11-14].

A meta-analysis published in 2007 by Schneider et al. found hypopituitarism in
27.5% of patients (95% CI: 22.8-28.9%), with greater prevalence in severe TBI
[15]. A systematic review by Lauzier F et al. in 2014 reported anterior pituitary
disorders in 31.6% (95% CI: 23.6-40.1%) and identified TBI severity, skull frac-
tures, and age as predictors [16].
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The most recent meta-analysis published in 2020 by Emelifeonwu et al. (2756
patients) evaluated the pituitary function 1 year or more after TBI and took into
account the risk of bias. Patients were 67% males, with a mean age of 37, and suf-
fered road traffic accidents (53%), falls (28%), or assaults (6%). In this meta-
analysis, the prevalence of hypopituitarism was 32% (95% CI 25-38%). Although
hypopituitarism was less common in studies including predominantly patients with
mild TBI (versus studies with >50% patients with moderate-to-severe TBI), the
difference was not statistically significant (p = 0.44). Prevalence of GHD was the
highest (22%; range, 2.7-63.6%), followed by hypogonadism (10.2%, 0-28%),
adrenal insufficiency (9.9%, 0-43%), and hypothyroidism (6.2%, 0-22%).
Prolactin abnormalities were rare (hyperprolactinemia 4.8% and hypoprolac-
tinemia 3.6%) [17]. Despite including more studies and only patients evaluated
after more than 1 year from TBI, also using a more rigorous methodology, preva-
lence of anterior pituitary hormone deficiencies was similar to previous systematic
analyses, and study heterogeneity remained the main caveat for data
interpretation.

Regarding posterior pituitary dysfunction, a longitudinal study in patients with
moderate and severe TBI indicated a prevalence of acute phase diabetes insipidus
and SIADH of 21% and 12.9%, respectively. Permanent diabetes insipidus con-
firmed by water deprivation test occurred in 6.9% patients [18]. Other studies indi-
cated a lower prevalence of permanent diabetes insipidus (<3%) [11, 12].

Large prospective studies with uniform testing methodology are necessary to
clarify the influence of TBI severity on prevalence of hypopituitarism in the civilian
population.

Hypopituitarism After Repetitive Head Injuries

Endocrine consequences of TBI resulting from repetitive head trauma in athletes
and combat personnel have been studied to a lesser extent than TBI in the civilian
population.

Few studies have prospectively evaluated the prevalence of hypopituitarism in
athletes. In a study by Kelly et al. of 69 NFL retirees who played on average 54
games, GHD was identified in 19% and hypogonadism in 8.8% [19]. A cross-
sectional study by Tanriverdi et al. in 41 male boxers and kickboxers and matched
controls indicated a prevalence of GHD of 21.9% in boxers [20]. In a 2019 review,
Hacioglu et al. established a range of 15-46.6% for hypopituitarism, with GHD
most commonly reported. Hypopituitarism occurred immediately after the head
trauma, and course was either with improvement or development of new deficien-
cies [21]. Replacement of growth hormone or testosterone in athletes is confounded
by the potential abuse and the policy of the sports league. Each case should be care-
fully evaluated, and specific recommendations cannot be made at this time. It is also
important to create screening protocols and implement preventative measures for
TBI in athletes.
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TBI is a significant health problem for military combat veterans and the “signa-
ture injury”” of Operations Enduring Freedom and Iraqi Freedom. Veterans with a
history of TBI have overall poor health and difficulties with civilian reintegration.
Approximately 10% of military combat personnel report altered consciousness as a
result of explosion, falls, motor vehicle accidents, fragment shrapnel, and bullet
wounds. Immediate head imaging might not be possible, and records of GCS at the
time of the injury are usually not available. The other important confounder is the
possibility of post-traumatic stress disorder (PTSD) with overlapping symptoms
such as mood changes, poor concentration, and sleep. Blast injuries in the military
combat personnel constitute a special category as manifestations can be subacute or
chronic and can be difficult to differentiate from those of post-traumatic stress dis-
order (PTSD). Three studies published to date performed GH stimulation tests in
TBI patients with history of combat TBI. We performed a cross-sectional study in
20 male veterans seen at the TBI clinic of the Atlanta Veterans Affairs Hospital in
Atlanta, Georgia. Patients (mean age 33.7 + 7.8) had a history of mild combat-
related TBI at an interval of 44 + 22 months before the testing. Patients reported TBI
from blasts (85%), falls (10%), and blunt trauma (5%). The endocrine evaluation
indicated 5 (25%) had GH deficiency, of whom only one had an IGF-1 level below
the normal range (z = —2.0). No TSH, ACTH, or vasopressin deficiencies were
found. GHD patients had worse memory and inhibitory control, more depression,
and lower quality of life compared to the GH-sufficient group. There were no differ-
ences in fatigue and post-traumatic stress disorder parameters between the
GH-sufficient and GH-deficient groups [22]. A study by Baxter et al. in 28 UK
soldiers with moderate-to-severe TBI (19 due to blasts and 19 to other injuries),
investigated 2—48 months after the event, found a higher prevalence of hypopituita-
rism (32%) in the blast-TBI versus non-blast-TBI group (3.2%) [23]. A recent ret-
rospective study by Lee et al. evaluated 58 TBI patients from the Veterans Affairs
Puget Sound Health Care System in Seattle, Washington (86% men; TBI severity,
72.4% mild, 17.2% moderate, and 10.3% severe; 60.3% from blast exposure;
median interval 96 months after TBI). At least one pituitary hormone deficiency was
found in 37.9% veterans (22% adrenal, 20.7% GH, 3.4% gonadal, and 8.6% hyper-
prolactinemia). Two thirds of patients reported fatigue, cognitive problems, insom-
nia, and PTSD [24].

Clinical Manifestations of Hypopituitarism After TBI

In the acute TBI phase, patients with severe TBI and/or transection of the infundibu-
lum can develop manifestations of anterior and posterior pituitary deficiencies such
as hypocortisolism and diabetes insipidus. Clinicians should monitor urine output
and plasma electrolytes and measure serum cortisol level in the case of hypotension,
nausea, vomiting, hyponatremia, or hypoglycemia.

In the weeks and months following the TBI, patients can develop clinical mani-
festations of hypopituitarism. The current paradigm supporting an endocrine
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evaluation after TBI is that hypopituitarism can contribute to health issues experi-
enced post-TBI and hamper rehabilitation. The most frequent clinical case scenario
is stagnation of physical and/or psychosocial recovery despite rehabilitation efforts.

Central hypothyroidism can lead to persistent fatigue, weight gain, cold intoler-
ance, constipation, decreased memory, and drowsiness. These are sometimes attrib-
uted to chronic pain, decreased physical activity, or medications such as opioids and
muscle relaxants.

Central hypogonadism can cause low libido, decreased muscle strength, mood
changes in both genders, and irregular menses in premenopausal women. These are
sometimes attributed to the physical and psychosocial impact of TBI itself.

GHD manifestations are non-specific, including fatigue, decreased sense of well-
being, decreased exercise tolerance, social isolation, anxiety, depression, emotional
lability, inattention, decreased executive function, and problem-solving ability. In
addition, weight gain, changes in body composition, hyperlipidemia, and osteope-
nia can occur. There is an overlap between GHD manifestations and long-term con-
sequences of TBI itself. The relationship between insufficient GH stimulation
during endocrine evaluation, depression, and SF-36 scores (especially for physical
health, energy, emotional well-being, pain, and general health) was demonstrated
by Kelly et al. in patients with TBI regardless of its severity [25]. Several studies
confirmed worse SF-36 [11] and QoL-AGHDA (Quality of Life-Adult Growth
Hormone Deficiency Assessment) in patients with GHD compared to those without
GHD or healthy controls [26], while few studies did not confirm this [27]. Cognitive
changes in attention, memory, and executive function were found in patients with
GHD after severe TBI compared to those without GHD [28]. Also, studies indicated
unfavorable body composition and lipid profile [26] and lower aerobic capacity in
patients with GHD diagnosed after TBI [29].

The QoL-AGHDA disease-specific instrument is composed of 25 questions with
yes/no answers designed to assess problems with memory and concentration,
energy, temper, social isolation, and self-confidence. The score is obtained by add-
ing the yes answers; a score of 11 or above has been associated with GH deficiency.

In our patient, persistent fatigue and mood issues, as well decreased exercise
tolerance despite undergoing physical therapy and testosterone replacement, raised
suspicion of GHD. The AGHDA score was 15.

Diagnostic Considerations

In the acute post-TBI phase, adrenal insufficiency and diabetes insipidus are impor-
tant to diagnose promptly in the appropriate clinical scenario. An ACTH stimulation
test is not useful in this early stage. For patients already started on glucocorticoid
replacement, a repeat evaluation of AM fasting serum cortisol levels or ACTH stim-
ulation is useful after a few weeks to determine whether replacement is still neces-
sary. Abnormal thyroid tests in the acute phase should be carefully interpreted to



24 Impact of Repetitive and Traumatic Brain Injury on Pituitary Function 303

differentiate from non-thyroidal illness syndrome. Similarly, laboratory results sug-
gestive of central hypogonadism are also expected in acutely ill hospitalized
patients. Testing for central hypothyroidism and hypogonadism is indicated in
patients with suggestive clinical manifestations in the subacute phase, usually a few
weeks after the TBI. After a few months, once hormone replacement of cortisol,
thyroid, and/or gonadal hormones was optimized, testing for GHD can be consid-
ered in patients with suggestive manifestations who are interested in GH replace-
ment. Quality of life scores such as Adult Growth Hormone Deficiency Assessment
(AGHDA) assist in the clinical decision; AACE clinical practice guidelines from
2019 recommend that GHD testing should be performed at least 12 months after the
TBI [30]. It is important to involve patients in the decision-making and educate
them about potential benefits, mode of administration, and adverse effects of GH
replacement. The principles of GHD testing are the same as for other causes of
hypopituitarism: an expected clinical benefit and the intention to treat.

An updated summary of GHD testing in adults is presented in Chap. 19. Testing
for GHD is complex, and several tests are available, including recently FDA-
approved macimorelin [31]. Different caveats apply to each test, including the
unpleasant manifestations of hypoglycemia for the insulin tolerance test, BMI influ-
ence on GHD thresholds, and availability/feasibility of testing in the outpatient set-
ting. Clinicians should follow testing protocols and diagnostic thresholds according
to clinical guidelines [30, 32] and individual patient characteristics. In our patient,
a glucagon stimulation test was performed, and the peak GH level was 2.0 ng/mL
(BMI 25 kg/m?), which is below the threshold of 3.0 ng/ml for his BMI.

Given the large number of patients with mild TBI, a clinical strategy to identify
the TBI patients who warrant GH stimulation testing needs to be developed.

Studies of GH Replacement in Patients with TBI

Several studies have indicated that GH administration for 6-12 months in patients
with TBI improved fatigue and moods [33, 34], cognition [35-39], quality of life
[36, 40, 41], and cardiorespiratory fitness [33]. Study methodology included
placebo-controlled (11-63 patients) [34, 35, 37], open-label prospective GH admin-
istration (13-23 patients) [33, 36, 38] and retrospective database reviews (84—161
patients) [40, 41]. Interestingly, some of these studies did not use strict GHD crite-
ria, pointing toward a different mechanism than GHD itself [9]. In a controlled
study, improvement of cognitive parameters was observed after 1 year of treatment
and inversely correlated with baseline performance; also, improvement in cognitive
parameters was correlated to a moderate extent with better QoL [36]. The benefits
were maintained for over 8 years in the KIMS database; also, socializing problems
improved more rapidly compared to memory and fatigue [40]. The doses of GH
used in these studies were in the 0.2-0.5 mg/day with different protocols of titration,
usually up to 0.6 mg/day.
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Although the number of studies investigating the effects of GH administration on
neural repair after TBI is small, the preliminary results were positive [42].

Endocrine Treatment of the TBI Patient

Presence of anterior pituitary disorders post-TBI was associated with a trend for
increased intensive care unit mortality (1.79, 95% CI: 0.99-3.21) [16]. Chronic
hypopituitarism of any etiology was linked with decreased survival, especially
when onset occurred at a younger age [43].

In the acute post-TBI phase, replacement of cortisol is necessary for patients
with manifestations of corticoadrenal insufficiency and inappropriately low serum
cortisol levels. In acutely ill patients, stress dose parenteral glucocorticoids are
required, which should be tapered and changed to oral route when clinically possi-
ble. For cranial diabetes insipidus, vasopressin or desmopressin should be adminis-
tered, and fluid intake and urine output carefully monitored. Thyroid replacement
recommendations rely on repeated thyroid hormone testing in the outpatient setting
several weeks after the TBI. Free T4 rather than TSH levels are important for dose
adjustments.

Outpatient treatment of hypopituitarism after TBI should follow the general
hypopituitarism clinical guidelines [44]. GH replacement should be considered
after other pituitary hormones were medically optimized. GH replacement should
start with small doses which can be titrated in 0.1-0.2 mg increments depending on
clinical and IGF-1 level. In addition, measurement of glucose and lipid metabolism
parameters is necessary before and during treatment. In the absence of adverse
effects such as edema, arthralgia, numbness, and tingling, GH replacement dose can
be increased to achieve upper-normal age- and gender-appropriate IGF-1 levels. It
is important to keep the IGF-1 assay consistent throughout the treatment course if
possible. In our patient, GH replacement was started at a dose of 0.2 mg daily
which was increased after 2 months to 0.3 mg daily when IGF-1 level was 82 ng/mL
(normal, 53-312 ng/mL). After 6 months, the patient reported an overall improve-
ment of exercise endurance, along with a better AGHDA score (which decreased
from 15 to 8). IGF-1 level was 130 ng/mL.

For patients taking cortisol and thyroid replacement, a clinical and biochemical
evaluation is necessary to determine whether doses of hydrocortisone and levothy-
roxine need to be adjusted.

Clinicians should monitor the effects of hormone replacement in patients started
on GH replacement and determine whether continuation is necessary based on clini-
cal benefit (Fig. 24.2).
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Consider the diagnosis*
Acute phase:
- Diabetes insipidus
- Corticoadrenal insufficiency
Subacute and chronic phase
- Hypothyroidism
- Hypogonadism
- Prolactin abnormalities

Establish the diagnosis
Consider hormone changes during acute illness
Repeat testing for patients with acute and subacute phase endocrine abnormalities
Use standard of care recommendations for pituitary testing
Consider comorbidities and intention to treat before GHD testing**
Educate and involve patients in medical decisions

Hormone replacement
Adhere to the standard of care for hypopituitarism recommendations
Optimize other hormones before GH replacement
Monitor effects to determine duration of therapy

Fig. 24.2 Principles of diagnosis and treatment of hypopituitarism after traumatic brain injury
(Legend: *Testing is recommended for patients with suggestive clinical manifestations ** GHD
testing, if clinically indicated >12 months after TBI)

Conclusion

Pituitary dysfunction after TBI is not a rare entity. Endocrinologists should be
involved in patients with suggestive clinical manifestations and/or persistent reha-
bilitation and neurocognitive and emotional difficulties. General guidelines for
hypopituitarism testing and replacement should be followed. GH testing and
replacement can be considered 1 year after the TBI event and after optimization of
other hormones. Further studies are needed to elucidate the reliability of hormone
testing in this population, the benefits of long-term GH replacement, and the impact
of repetitive head injuries and blasts on the pituitary function.
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Anti-neoplastic Inmunomodulatory
Treatments and the Pituitary

Check for
updates

Michelle Rengarajan and Alexander Faje

Patient Case

A 43-year-old man with stage IV melanoma (including a left cerebellar metastasis,
peritoneal carcinomatosis, and multiple liver metastases) underwent initial therapy
with the immune checkpoint inhibitors ipilimumab (3 mg/kg) and concurrent
nivolumab (1 mg/kg). He received two cycles of treatment 3 weeks apart. He
developed mild headaches that began 1 week after his second cycle and lasted
approximately 2 weeks. Soon after, he developed nausea, vomiting, and diarrhea.
Evaluation by esophagogastroduodenoscopy and sigmoidoscopy revealed severe
enteritis, and he began prednisone 60 mg daily 3 days later followed by a taper. His
gastrointestinal symptoms promptly resolved after a couple days of treatment with
pharmacologic prednisone.

Magnetic resonance imaging (MRI) was performed 1 day after starting predni-
sone to monitor his known brain metastasis. Although the interpreting neuroradiolo-
gist did not note any abnormality of the pituitary gland, the patient’s oncology team
astutely recognized that the size of the pituitary gland had increased compared to a
pre-immunotherapy study (Fig. 25.1) and consulted endocrinology. Thyroid-
stimulating hormone (TSH) levels had also declined from a pretreatment baseline
level of 1.27 mIU/L to 0.48 mIU/L after the second treatment cycle and further
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Fig. 25.1 Post-contrast T1-weighted coronal and sagittal images 1 week before ipilimumab and
nivolumab treatment was initiated (a), following two cycles of treatment (b) and 2 months later (c)

down to 0.03 mIU/L just prior to treatment with glucocorticoids. Based on these
findings, the patient was instructed to remain on a physiologic dose of glucocorti-
coids following the prednisone taper. Additional laboratory testing later that month
showed a mildly low testosterone level at 8§ am (170 ng/dL, normal 249-836 ng/dL)
and normal levels of prolactin (12.0 ng/mL, normal <15.2 ng/mL) and free thyrox-
ine (FT4) (1.0 ng/dL, normal 0.9-1.8 ng/dL). TSH values remained low 1 month
later with FT4 levels in the lower portion of the normal range. Nivolumab mono-
therapy was started the next month and was later complicated by anterior uveitis.
Testosterone levels had normalized on repeat measurement 4 weeks after starting
nivolumab and 4 months after the last cycle of dual therapy at 567 ng/dL. An
insulin-like growth factor 1 level was also normal (164 ng/mL, normal 52-328 ng/
mL) at that time. Pituitary gland enlargement had resolved on a repeat MRI
(Fig. 25.1), but transient thyrotoxicosis now had developed on nivolumab mono-
therapy (TSH 0.01 and FT4 1.8 changed to TSH <0.01 and FT4 2.9 2 weeks later)
and subsequently converted to primary hypothyroidism requiring the initiation of
levothyroxine. Nivolumab therapy was continued for 8 months. Serial imaging
demonstrated a positive treatment response; no fluorodeoxyglucose-avid lesions
were visible on follow-up studies a few months later. The patient currently remains
off treatment with active surveillance.
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Epidemiology, Clinical Presentation, and Diagnosis

Primary hypophysitis is a rare diagnosis, with an estimated annual incidence of 1 in
seven to nine million [1] and represents less than 1% of pituitary surgery cases [2—
6]. Although epidemiologic characteristics may differ among the histologic sub-
types, primary hypophysitis overall appears to occur more commonly in mid-life
and in women [7].

Seven immune checkpoint inhibitors (CPI) (ipilimumab, nivolumab, pembroli-
zumab, cemiplimab, atezolizumab, durvalumab, and avelumab) are currently
approved by the US Food and Drug Administration to treat at least 18 different
cancer types. An analysis in 2018 estimated that nearly half of US cancer patients
were eligible for treatment with CPIs [8]. As the number of patients treated with
CPIs has grown, the number of immune-related adverse events (irAE) encountered
has multiplied in parallel. Hypophysitis has become a well-recognized irAE, and
CPIs are now likely the most common etiology for hypophysitis overall.

Based on data collected from endocrinology-focused studies, the frequency of
hypophysitis following treatment with ipilimumab, an inhibitor of cytotoxic
T-lymphocyte antigen-4 (CTLA-4), appears to be approximately 10% [9-14].
Reviews pooling predominantly prospective oncology studies report lower rates,
though the accuracy and reliability of source data in these studies were likely
impacted by several factors including limitations of the common terminology crite-
ria for adverse events (CTCAE), which classifies endocrine irAEs into multiple
imprecise and overlapping categories [15, 16]. Hypophysitis is a much rarer event
following treatment with anti-programmed cell death 1 (PD-1) agents (nivolumab,
pembrolizumab, cemiplimab), occurring in less than 1% of patients [16-18].
Oncology study reviews suggest that hypophysitis may occur more frequently fol-
lowing combination therapy with ipilimumab plus anti-PD-1 agents [13, 14], but
this question has not been addressed yet by an endocrinology-focused study. No
endocrinology study or pooled review of oncology studies has formally assessed the
risk of hypophysitis after treatment with programmed death-ligand 1 (PD-L1)
inhibitors (atezolizumab, durvalumab, and avelumab). Hypophysitis data for these
agents is very limited and consists of case reports, which indirectly demonstrates
the rarity of its occurrence.

After accounting for the demographics of treatment populations, studies have not
demonstrated gender or age to be clear risk factors for ipilimumab-associated
hypophysitis [9-14]. The roles of gender and age for anti-PD-1 and PD-LI1-
associated hypophysitis have not been formally examined. The impact of ipilim-
umab dosage (1 mg/kg, 3 mg/kg, or 10 mg/kg) [18] and standard or extended dosing
intervals for nivolumab and pembrolizumab on the risk of hypophysitis is unclear.
(Cemiplimab has only 1 FDA-approved dose/schedule.)

Ipilimumab-associated hypophysitis is typically diagnosed within a relatively
narrow window of time, most often after two or three cycles of therapy (Table 25.1).
Patients frequently present with headache and deficiencies in multiple anterior pitu-
itary hormone axes along with associated symptoms such as fatigue and loss of
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Table 25.1 Clinical characteristics of checkpoint inhibitor hypophysitis

Ipilimumab

Anti-PD-1

Prevalence

~10%

<1%

Time to diagnosis (after
CPI initiation)

Typically 2-3 months

Broad range, up to >1 year

MRI findings Mild pituitary enlargement, nearly all | Mild pituitary enlargement,
patients minority of patients
Headache Frequent Uncommon

Pituitary function at
diagnosis

Multiple anterior pituitary hormones
may be deficient, DI extremely rare

Isolated central AI, DI
extremely rare

Pituitary function at

Persistent central Al, other axes may

Persistent central Al

follow-up recover in some patients

Recommended
glucocorticoid therapy

Physiologic dosage Physiologic dosage

Abbreviations: A/ adrenal insufficiency, DI diabetes insipidus, MRI magnetic resonance imaging,
PD-1 programmed cell death 1

appetite. The thyroid, adrenal, and gonadal axes appear to be affected most com-
monly in these patients. The growth hormone axis may be relatively spared; how-
ever detailed examination with dynamic stimulation testing has rarely been
performed in published analyses. Hyponatremia is present in a significant portion of
patients at the time of diagnosis. In contrast to primary hypophysitis, diabetes insip-
idus (DI) is extremely rare in patients with hypophysitis secondary to ipilimumab
[17-19]. Radiographic enlargement of the pituitary gland likely occurs in nearly all
affected patients. In some cases radiographic changes may precede the onset of
symptoms and the clinical diagnosis of hypophysitis by several weeks. Alternatively,
pituitary enlargement may develop rapidly over several days. The degree of pitu-
itary gland expansion is generally mild and rarely produces visual symptoms.
Contrast enhancement on MRI is generally homogeneous (though sometimes het-
erogeneous) and can be accompanied by stalk thickening in a minority of patients
and cystic changes rarely. Radiographic changes are self-limited; resolution of
gland enlargement occurs spontaneously and can evolve to a partial or mostly empty
sella. Reversal of pituitary swelling has been described in approximately one-half of
patients 1 month after diagnosis and in a large majority of patients within 2 months.
Complete reversal of radiographic changes has been documented as rapidly as
4 days. Because gland enlargement is mild, it may not be readily recognized without
a prior imaging study for comparison. Due to its rapid reversal in many cases, pitu-
itary enlargement may no longer be present at the time of imaging if evaluation for
hypophysitis is not prompt. These factors likely contribute to an underestimation of
the frequency of MRI changes in some series [10, 18, 20], and instruct clinicians
that a lack of overt pituitary gland enlargement at the time of diagnosis does not rule
out hypophysitis in these patients. Levels of TSH are typically monitored with each
treatment cycle of ipilimumab and may serially decline prior to the diagnosis of
hypophysitis in many patients [18, 21]. Ultimately, as demonstrated in this chapter’s
patient case, awareness and recognition of suggestive symptoms and biochemical
and radiographic findings by the treating oncology team are essential for a prompt
diagnosis.
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Anti-PD-1-associated hypophysitis can pose a greater diagnostic challenge. As
previously noted hypophysitis occurs much more rarely following anti-PD-1 ther-
apy compared to treatment with ipilimumab (Table 25.1). In contrast to ipilimumab,
hypophysitis secondary to anti-PD-1 agents may occur over a much broader period
of time; cases have been reported up to 1.5 years after initiating treatment. Fatigue
and nausea/loss of appetite are the most commonly reported symptoms in affected
patients. Notably, headache is absent in the majority of patients. Most patients pres-
ent with isolated central adrenal insufficiency at the time of diagnosis; other anterior
pituitary axes remain intact in the bulk of patients [17, 22]. DI has been reported in
only one case [23]. Unlike ipilimumab-associated hypophysitis, radiographic
enlargement of the pituitary gland is observed in a minority of cases [17, 22]. The
time course of radiographic changes in anti-PD-1 hypophysitis has not been well-
defined. It is therefore possible that pituitary enlargement may actually occur more
frequently in these patients but could be missed if diagnostic imaging is sufficiently
delayed due to the lack of localizing symptoms. Presently, a consensus strategy to
screen and identify patients with anti-PD-1 hypophysitis has not been devised, and
the practicality of such efforts would likely be hindered by the relative rarity of this
diagnosis.

Hypophysitis following combination therapy with ipilimumab plus an anti-PD-1
agent shares characteristics of both monotherapy groups but appears to align more
closely with ipilimumab-associated hypophysitis [17]. Thyroiditis is the most com-
mon endocrine irAE for anti-PD-1 medications and may develop in addition to
hypophysitis, sometimes in close temporal proximity.

For patients treated with CPIs, it is important for clinicians to recognize the
effects of acute and chronic illness, nutritional status, and prior and current treat-
ments (such as cranial radiotherapy, exogenous glucocorticoids, and other medica-
tions) on laboratory assessment of pituitary function.

Management

Management considerations for CPI-associated hypophysitis include (1) symptoms
related to inflammation and mass effect from pituitary enlargement, (2) hormone
deficiencies from persistent hypopituitarism, and (3) ongoing cancer treatment
with CPL

Existing data evaluating treatment strategies for primary hypophysitis is
extremely limited. Only one very small nonrandomized, non histologically con-
firmed prospective study has been published [24]. Retrospective data sets are con-
founded by multiple factors including reporting and treatment selection biases,
variable clinical evaluation and lack of histologic confirmation contributing to het-
erogeneous study cohorts, and lack of uniformity in treatment arms (type of agents,
dosage, and duration of therapy). Extrapolation from these limited datasets offers
little insight to CPI-associated hypophysitis.
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As previously noted, the majority of patients who develop hypophysitis after
treatment with ipilimumab or combination therapy exhibit pituitary enlargement on
MRI (though compression of the optic apparatus is extremely rare) and present with
headache [17]. Both pituitary enlargement and headache are uncommon in hypoph-
ysitis associated with anti-PD-1 monotherapy. Because radiographic changes are
mild and, along with headache, appear to be self-limited and nonrecurrent, surgical
intervention would be rarely, if ever, indicated. To our knowledge no case with a
surgical biopsy or resection has yet been reported.

Treatment with pharmacologic doses of glucocorticoids may not alter the course
of CPI-induced hypophysitis with respect to either symptoms of mass effect, radio-
graphic findings, or hypopituitarism. In a multicenter retrospective cohort study of
patients with ipilimumab-associated hypophysitis, outcomes were compared for
patients who received high doses of glucocorticoids (>7.5 mg prednisone or equiva-
lent per day, median dosage 22.4 mg) versus those who received close to physio-
logic doses (<7.5 mg prednisone or equivalent per day, median dosage 5 mg) in the
first 2 months after diagnosis [20]. Notably, pituitary enlargement improved rapidly
in all patients, and the rate of resolution was comparable among both groups.
Likewise, glucocorticoid dosage did not appear to impact the speed of headache
resolution. As such, supraphysiologic glucocorticoids do not appear to accelerate
resolution of pituitary enlargement or symptoms attributable to possible mass effect
from inflammatory infiltration of the pituitary. Similarly, high-dose glucocorticoids
did not appear to improve pituitary hormone functional status [20].

Additionally, there is concern that high-dose glucocorticoids and other immuno-
suppressive therapies may alter the anti-tumor efficacy of CPIs. Several studies have
demonstrated that defects in the immune response can contribute to primary or
acquired resistance to CPI therapy [25-27]. High doses of glucocorticoids inhibit
the immune response, including some of the pathways linked to CPI resistance [28—
30]. Therefore, sufficient doses of systemic glucocorticoids over an adequate time
frame could be expected to potentially affect the antitumor efficacy of CPIs.
Findings from clinical studies examining the impact of glucocorticoids have varied.
Some retrospective analyses have suggested that patients on supraphysiologic glu-
cocorticoids prior to initiation of CPI therapy may have decreased overall and
progression-free survival both for ipilimumab therapy in melanoma patients [31,
32] and for PD-(L)1 therapy in non-small cell lung cancer [33] but baseline disease
and performance status were potential confounding variables in these studies. Other
studies have suggested that clinical outcomes are not worse in patients receiving
immunosuppressive agents for the treatment of irAEs [34, 35]. Importantly, nearly
all studies assessing the effects of glucocorticoids on CPI efficacy have compared
patients with severe irAEs who receive glucocorticoids to individuals without any
or minimal irAEs. Since severe immune-related adverse events may be associated
with improved survival [35-40], they represent a potential confounding factor in
these analyses. Moreover, effects from guarantee-time bias (patients with favorable
oncologic responses to CPIs tend to stay on CPI treatment longer and have more
time to develop irAEs) further complicate interpretation of these results. One retro-
spective study of patients with advanced and recurrent NSCLC utilized a landmark
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analysis to mitigate effects from guarantee-time bias and found prolonged
progression-free survival (PFS) and overall survival (OS) in patients with irAEs
[37]. Similar prolongation of PFS and OS, along with improved disease control, was
found in a prospective cohort study in which patients with advanced NSCLC were
evaluated for IRAEs between the initiation of ICI and the first response evaluation
[41]. Like other irAEs, the development of hypophysitis may also be associated
with improved CPI treatment response [10, 20]. On reexamination of this data with
a 14-week landmark analysis (by which point 90% of cases of hypophysitis were
diagnosed), we found that the survival benefit persisted, with a median survival of
28.2 months among ipilimumab-associated hypophysitis patients versus 15.5 months
among patients without hypophysitis, HR 0.68 (95% CI 0.46-0.99, p = 0.04)
(unpublished data). Patients with ipilimumab-associated hypophysitis treated with
supraphysiologic glucocorticoids had lower OS, PFS, and time to tumor treatment
failure relative to those who received lower dosages [20].

Based on these findings, supraphysiologic glucocorticoids do not appear to offer
any clear benefit and may in fact be suboptimal for treatment of CPI-associated
hypophysitis. Therefore, glucocorticoids are generally reserved for hormone
replacement in CPI-associated hypophysitis, though higher doses may be used tem-
porarily in the context of acute/severe illness.

In the vast majority of patients, adrenal insufficiency is noted at presentation, and
recovery of this axis is exceedingly rare, requiring long-term replacement with
physiologic glucocorticoids [17, 18]. Unlike the hypothalamic-pituitary-adrenal
axis, other anterior pituitary hormone axes may recover in a significant portion of
patients. As noted previously, various transient clinical factors may also impact
laboratory assessment of pituitary function. As such, in some patients with apparent
mild central hypothyroidism or central hypogonadism, hormone replacement may
be deferred initially to assess for axis recovery. Growth hormone replacement is
contraindicated by the underlying malignancy.

Given the prevalence of hypopituitarism at diagnosis and the lack of response to
anti-inflammatory doses of glucocorticoids, it seems unlikely that cessation of CPI
treatment confers any advantage with regard to hypophysitis outcomes. Furthermore,
no recurrent case of CPI-associated hypophysitis has been reported to our knowl-
edge. CPI treatment therefore may be continued without interruption in many
patients with hypophysitis, though a transient dose delay may be reasonable in some
cases depending on the individual’s clinical status. The diagnosis of hypophysitis
also does not affect a patient’s future candidacy for additional CPI treatment.

Pathophysiology

CPIs target CTLA-4 or PD-1/PD-L1, which normally initiate signaling cascades
that inhibit T-cell activity. Specifically, effector T-cell activation requires both T-cell
receptor binding to a cognate peptide-MHC complex on an antigen-presenting cell
and also a costimulatory signal. CTLA-4 competes for ligand binding with
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costimulatory receptors but instead generates an opposing signal that inhibits effec-
tor T-cell proliferation [42]. CTLA-4’s essential role in immune regulation is high-
lighted by the presence of multiple organ-specific autoimmune disorders and
widespread lymphoproliferative infiltration of target organs in patients with germ-
line mutations causing CTLA-4 haploinsufficiency [43, 44]. Likewise, CTLA-4-
deficient mice develop widespread lymphoproliferation that is lethal within the first
few weeks of life [45, 46]. Conversely, increased CTLA-4 activity has been shown
to enhance immune tolerance, as evidenced by the drug abatacept, a fusion protein
of CTLA-4 and IgG1 that is approved for treatment of rheumatoid arthritis [47].

In contrast with CTLA4, PD-1 signaling modulates the phenotype of already
activated T-cells later in the immune response in settings of repeated antigen stimu-
lation. PD-1 signaling can divert these activated T-cells to a dysfunctional pheno-
type that lacks responsiveness to antigen or, in the tumor microenvironment, lacks
the ability to control tumor growth [48]. Consistent with this more downstream role
relative to CTLA-4, mice lacking PD-1 have more limited, delayed-onset organ-
specific autoimmunity [49].

CTLA-4 expression has been demonstrated in the pituitary in mice, normal
human pituitary tissue, and human pituitary adenomas [17, 50, 51]. PD-LI
expression has also been observed in pituitary adenomas [52, 53]. The presence or
absence of PD-1 has not been described in the pituitary. Data from mouse models
suggests that, with exposure to monoclonal antibodies targeting CTLA4, immune
complexes may form in the pituitary and cause glandular destruction via activation
of the classical complement pathway [50]. Similarly, a case of anti-CTLA-4-
associated hypophysitis examined on autopsy showed evidence of a type II
hypersensitivity reaction (and notably a lack of posterior pituitary gland involvement,
consistent with the lack of DI in these patients) [19]. Ipilimumab is an IgG1-based
antibody and does have the ability to activate antibody-dependent cellular
cytotoxicity [54, 55]. Direct pituitary toxicity of antibodies to CTLA4 may explain
the high frequency of hypophysitis after treatment with ipilimumab, as compared
with PD-1 and PD-L1 inhibitors, as well as differences in time course and phenotype.
The mechanism of PD1/PD-L1 inhibitor-associated hypophysitis may be distinct
from that induced by ipilimumab . Treatment with PD-1/PD-L1 inhibitors may
broadly reinvigorate dysfunctional T-cells with reactivity to self-antigens and
perhaps to antigens shared by underlying tumors and the pituitary gland (a link
which may explain why irAEs seem to correlate with tumor responsiveness to
CPIs). Mechanistic studies of immune cells from patients treated with CPIs with
and without irAEs are necessary to elucidate cellular and molecular phenotypes that
drive the possible link between CPI efficacy and irAEs. Additionally, the possibility
that ipilimumab may directly target pituitary tissue suggests that the off-target effect
of hypophysitis could potentially be harnessed for therapeutic treatment of selected
aggressive pituitary tumors and carcinomas [18]. In a case report, combination
therapy with ipilimumab plus nivolumab was successfully utilized in the treatment
of an ACTH-secreting pituitary carcinoma [56]. Tumor mutational burden is
correlated with response rates for ipilimumab and anti-PD-1 therapy within
individual cancer types and across different malignancies [57-60]. The authors of
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the case report hypothesized that a higher tumor mutation load following prior
treatment with temozolomide was a significant factor for the tumor’s response to
CPI treatment [56]. Whether mutational burden or alternatively CTLA-4 expression
is related to CPI treatment response in these tumors deserves further investigation.
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Infiltrative and Inflammatory Disorders
of the Hypothalamus and Pituitary

Check for
updates

Stuti Fernandes and Elena V. Varlamov

Case Presentation

A 26-year-old female presented for evaluation of a 13 x 18 x 13 mm pituitary mass
abutting the optic chiasm (Fig. 26.1). The mass was found during workup for sec-
ondary amenorrhea, galactorrhea, fatigue, and headache. Laboratory results (nor-
mal ranges in parenthesis) revealed prolactin levels of 42 ng/ml (2.8-26.0), thyroid
stimulation hormone (TSH) 14.5 mIU/L (0.39-4.17), free T4 0.2 ng/dL (0.6-1.2),
follicle-stimulating hormone (FSH) 1 mIU/mL (4-9), luteinizing hormone (LH) <1
mIU/mL (<11), cortisol 1.7 pg/dL (5.3-22.5), adrenocorticotropic hormone (ACTH)
12 pg/mL (<45), insulin-like growth factor 1 (IGF-1) 100 ng/mL (98-305), and
serum sodium 130 mmol/L (136-145). The patient had never been pregnant and had
not used glucocorticoids (GCs). She was started on hydrocortisone and levothyrox-
ine replacement and subsequently underwent partial resection of the mass for
decompression of optic chiasm. Pathology revealed lymphocytic hypophysitis.
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Fig. 26.1 Pituitary MRI at presentation. T1 with contrast, sagittal (a) and coronal (b). Note
enlargement of the pituitary gland, abutting the optic chiasm, and thickening of the pituitary stalk.
Pituitary MRI after the course of glucocorticoids. T1 with contrast, sagittal (¢) and coronal (d).
Note significant shrinkage of the pituitary mass. Small focus of enhancement at the anterior margin
of infundibular recess could be residual or new inflammatory process. (Created with Biorender.com)

Two months postoperatively, pituitary magnetic resonance imaging (MRI)
showed a persistently enlarged gland abutting the optic chiasm. She was treated
with an 8-week prednisone taper starting at 40 mg daily. Follow-up pituitary MRI
showed significant shrinkage of the mass and a small focus of enhancement in the
infundibular recess (Fig. 26.1). The patient had persistently abnormal cortisol on
ACTH stimulation test, amenorrhea, and low IGF-1. She began oral combined con-
traceptive and growth hormone (GH) replacement. One year later, the pituitary
gland remained unchanged; however there was an interval increase in the size of the
enhancing lesion in the infundibular recess.
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Introduction

Patients presenting with a pituitary mass and pituitary deficiencies are usually sus-
pected to have a pituitary tumor. However, the pituitary can be affected by a variety
of inflammatory, infiltrative, and infectious disorders that can similarly result in
hypopituitarism and a pituitary mass on imaging. The process can be localized to
the pituitary or be part of systemic disease.

Hypophysitis is a rare disorder affecting the pituitary gland. The term hypophy-
sitis incorporates several entities that cause inflammation in the pituitary gland,
which can be primary (presenting in previously intact gland and without evidence
of systemic disorder) or secondary (e.g., due to rupture of the Rathke’s cleft cyst or
sarcoidosis) (Table 26.1). Immunotherapy-induced hypophysitis is a relatively new
etiology [1] and is discussed in detail elsewhere in this book.

Anatomically, the inflammatory process may involve the pituitary gland, stalk, or
both. Involvement of the hypothalamus has also been described [2, 3].

Lymphocytic Hypophysitis (LH)

LH is an autoimmune disease characterized by predominant lymphocytic infiltra-
tion, which can lead to pituitary destruction and fibrotic reaction [4, 5]. It is the most
common form of primary hypophysitis (72-86%) of cases and is more common in
females (3-6:1). Mean age at diagnosis is 34.5 years (females) and 44.7 years
(males) [6]. LH is commonly associated with pregnancy and postpartum periods as
well as autoimmune diseases (30% of cases), especially thyroid autoimmune disor-
ders [4, 5]. Patients initially present with signs of pituitary enlargement, headache
being the first symptom. Visual field impairment can occur simultaneously or
develop later. Hormone deficiencies may also manifest later. In LH, corticotrophs
are preferentially affected (adrenal insufficiency; Al is present in 59-86% of cases),
followed by thyrotrophs (38-48%), gonadotrophs (32-62%), and GH-producing
cells (14-37%) [5, 7, 8]. This is in contrast to other causes of hypopituitarism. In
pituitary adenomas ACTH production is last to be affected [6, 8]. However, some
studies report that Al is less common (26—47%) than previously thought [6, 9]. GH
and prolactin deficiencies (23%) occur less frequently. Hyperprolactinemia often
occurs early in the disease process (33—-63%) [6—8]. Central diabetes insipidus (DI)
is often present (54-72%) [5, 7, 8].

Anti-pituitary antibodies have been identified in >70% patients with LH [5, 10,
11]; however, they are also found in patients with pituitary adenoma (8—12%), post-
partum pituitary hemorrhage, other autoimmune conditions (10.5%), and boxers
with repetitive head trauma (23%). Antibody diagnostic utility remains uncertain
due to lack of sensitivity and specificity [5]. Some authors recommend obtaining
antinuclear antibodies and other markers of systemic autoimmune disease
(Table 26.1) [12]. Brain imaging may help distinguish between LH and a pituitary
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Table 26.2 Magnetic resonance imaging presentation of hypophysitis and differences from
pituitary macroadenoma [2, 6]

Hypophysitis Pituitary macroadenoma

Symmetrical suprasellar extension Often asymmetrical suprasellar
extension

Stalk is thickened but not deviated (can be an isolated Stalk deviation

finding)

Homogenous (sometimes heterogeneous) gadolinium Delayed and poor enhancement of

enhancement the mass

Strip of enhanced tissue along the dura mater (dural tail);
sometimes arachnoid enhancement
Loss of pituitary bright spot if DI is present Preservation of pituitary bright spot

Empty sella (“burnt out” or treated disease) Empty sella (result of pituitary tumor
treatment and apoplexy)

Hypophysitis type-specific features:

Sarcoidosis — hypothalamic involvement

Langerhans histiocytosis — pineal gland enhancement and
enlargement

Granulomatosis with polyangiitis — cavernous sinus
invasion, hypertrophic cranial pachymeningitis
Necrotizing hypophysitis — T2 hyperintense, poor or no
contrast enhancement; may appear like apoplexy
Xanthomatous hypophysitis — cystic sellar mass enhances
post contrast

adenoma (Table 26.2) [6]. A radiological score has been proposed to non-invasively
distinguish hypophysitis from a non-secreting adenoma [13]. Cerebrospinal fluid
(CSF) measurements may reveal lymphomonocytic pleocytosis [7]. Histology
reveals pituitary infiltration with lymphocytes, plasma cells, and histiocytes.
Fibrosis is also observed [6, 12].

There is no standardized LH treatment. GC or other anti-inflammatory and
immunosuppressive (azathioprine, methotrexate, cyclosporin A, rituximab) treat-
ments have been used. High-dose methylprednisolone pulse therapy (starting at
120 mg) has been reported to improve or normalize patient pituitary MRI (88%)
and improve the adenopituitary function (44%) [6, 14]. A prolonged course of
lower doses of GC (50 mg prednisone with gradual taper over 13 months) resulted
in normalization or improvement in patient MRI results (66.7%) and pituitary
function (58.3%) [15]. Relapse is common after GC therapy cessation, up to 38%
of cases [16]. Relapsing or progressive cases may necessitate use of other immu-
nosuppressive agents or even radiotherapy [12]. Surgery is reserved for non-
responder cases, mass effect, headache, visual defects, or when tissue diagnosis is
needed. Spontaneous remission can occur, and pituitary function may normalize
if pituitary tissue is not destroyed [6]. Hormone replacement is recommended to
correct deficiencies, and patients should be retested since some have axis
recovery [7].
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IgG4 Hypophysitis

IgG4-related hypophysitis is part of systemic [gG4-infiltrative disorder and consti-
tutes 1.3% of primary hypophysitis cases [17]. Diagnostic criteria include pituitary
gland mononuclear infiltration that is histologically rich in lymphocytes and plasma
cells with >10 IgG4-positive cells (per high power field), sellar mass and/or thick-
ened pituitary stalk, biopsy proven involvement in other organs, elevated serum
IgG4 (>140 mg/dL), and rapid reduction of pituitary size and symptom improve-
ment with GC treatment [18, 19]. Men in the sixth to seventh decade of life are
affected preferentially [17]. Patients can present with panhypopituitarism (45-58%),
anterior hypopituitarism (26-32%), or DI (18-20%) [17-20]. There can also be
mass effect causing headache (26%) or visual field loss and diplopia (18%) [18, 19].
Hormone deficiencies are anti-diuretic hormone (ADH) (70%), gonadotropin
(48-68%), ACTH (46-63%), TSH (41-59%), GH (41-48%), and prolactin (42%).
Other IgG4-related systemic diseases may be associated with hypophysitis, e.g.,
retroperitoneal fibrosis (26-32%) or autoimmune pancreatitis (24—32%). Some
patients (10-25%) have hypophysitis alone, more so in women [17, 18, 20]. Serum
IgG4 is elevated (76%) and associated with older age, men, and multi-organ involve-
ment [18]. Patient pituitary MRI shows a mass (22%), stalk enlargement (26%), or
both (51%) [17, 18]. Moderate GC doses (e.g., prednisone 0.6 mg/kg/day) are used
for treatment; however physiologic replacement doses have also been effective [21].
A reduction in pituitary size is typical [18]. Serum IgG4 levels may decrease with
GCs and could be used to monitor relapse [18, 20]. Patients who do not respond to
GCs have been treated with methotrexate, mycophenolate mofetil, azathioprine,
cyclosporine A, and/or rituximab [18, 22]. Pituitary surgery is reserved for patients
with resistant disease.

Granulomatous Hypophysitis

Sarcoidosis

Sarcoidosis is a chronic autoimmune disease that affects young and middle-aged
adults, resulting in non-caseating granulomas and can affect multiple organ systems
(lungs, skin, lymph nodes). Central nervous system (CNS) involvement occurs in
5-15% of patients [4]. Hypothalamic-pituitary involvement is very rare (<1% of
sellar lesions) and may have a slight male predominance [23, 24]. There is an asso-
ciation between hypothalamic pituitary involvement and sinonasal sarcoidosis,
which may occur due to contiguous extension of granulomas [24]. Due to the
involvement of the third floor of the ventricle and the basal hypothalamus, patients
may have decreased visual acuity, visual field defects, or cranial nerve dysfunction
[4]. Common endocrine abnormalities are hypogonadism (45-89%), DI (17-90%),
and elevated prolactin levels (3—32%). TSH (9-56%) and GH deficiency (30-36%)
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can occur also. Many patients have Al (37-49%), which could be due to pituitary
infiltration or be iatrogenic due to GC treatment [23, 24]. Pituitary MRI shows stalk
thickening and increased volume [24]. Treatment focuses on preservation of vision
and replacing pituitary hormones. High-dose systemic GCs are started and then
tapered slowly over months to years. GCs result in radiological improvement but
have a variable effect on vision. Pituitary dysfunction appears to be permanent [23].
The role of pituitary surgery is not clear.

Langerhans Cell Histiocytosis (LCH)

LCH is a rare disorder resulting in proliferation and infiltration of tissues by special-
ized dendritic cells. The disease can affect one or multiple organ systems, including
the bone, skin, lymph nodes, liver, spleen, oral mucosa, and the CNS. LCH occurs
more frequently in children and has a male predominance [4]. Hypothalamic-
pituitary infiltration is noted in 5-50% of those with LCH and is more common in
those with multisystem involvement. Pituitary dysfunction occurs in 5-20%; DI is
the most common (15-50%) abnormality [25]. GH deficiency is also common
(50-55%) and causes growth retardation in children. Hypogonadism (34%) is com-
mon. ACTH (15-21%) and TSH (16-23%) deficiencies are less common. Some
patients may have moderately elevated prolactin due to stalk involvement [4, 26,
27]. Endocrine dysfunction may develop during the course of disease and should be
monitored [4]. Hypothalamic function can also be affected resulting in hyperphagia,
adipsia, thermoregulation issues, sleep disturbances, memory problems, and behav-
ioral changes [4, 25]. Pituitary MRI findings include stalk thickening and enlarge-
ment (>3.5 mm), loss of the posterior pituitary bright spot, and pineal gland
enlargement and enhancement [4, 28]. Isolated hypophysial LCH can be difficult to
distinguish from germinoma without biopsy. Based on limited data, recommended
treatment for isolated HPA LCH is surgical granuloma excision and/or low-dose
radiation. In patients with multisystem disease, chemotherapy is used initially.
Prednisone is also often used [25]. Treatment may result in radiological improve-
ment, but hormone deficiencies are usually permanent [26].

Erdheim-Chester Disease (ECD)

ECD is arare (800 published cases) form of non-Langerhans cell histiocytosis with
multiorgan involvement [29]. It is a neoplasm characterized by proliferation of
mature histiocytes in the background of inflammatory stroma. Many patients have
mutations in BRAFV600FE (50%) or other components of the mitogen-activated
protein kinase pathway [30, 31]. The disease usually affects males, mean age
50-60 years [31]. ECD most commonly involves the bone, skin, retroperitoneum,
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heart, orbits, lung, and brain (56%). Patients present with bone pain, DI (17-47%),
and neurological and constitutional symptoms [29-31]. DI develops early and often
precedes diagnosis by years [32]. Most patients with DI (72%) have had other
symptoms of CNS disease, such as visual disturbances, diplopia, and blurred vision
[31]. Patients may have other pituitary deficiencies: hypogonadism (58%), GH
deficiency (30%), and hypothyroidism (20%) [33]. Patients may also have elevated
prolactin (15-30%) due to stalk effect. Pituitary hormone monitoring is recom-
mended every 1-2 years [29]. Brain MRI with gadolinium is recommended at time
of diagnosis, and patients with DI may have thickening of the pituitary stalk (12%),
alteration of the brightness of the hypophysis (5%), or pituitary infiltration (3%)
[29, 31]. Diagnostic criteria requires pathology showing xanthogranulomatous
lesions with foamy CD86(+)/CD1a(—) histiocytes and bilateral and symmetric
abnormalities in the diaphyseal and metaphyseal regions of the long bones.
However, histological appearance can vary depending on anatomical location;
brain biopsies often do not display characteristic features [30]. ECD has a poor
prognosis and CNS involvement is an adverse prognostic feature [31]. Treatment
may include BRAF inhibitors (vemurafenib and dabrafenib), MEK inhibitors
(cobimetinib and trametinib), peg-INF-a, cladribine, and anakinra [29].
Symptomatic and radiologic improvement may occur with treatment, but DI and
endocrinopathies are usually permanent [29].

Granulomatosis with Polyangiitis (GPA; Formerly Wegener’s
Granulomatosis)

GPA is a systemic disorder involving the formation of granulomas and vasculitis
affecting small to medium vessels, most commonly in the respiratory tract and kid-
neys. Pituitary disease develops rarely (1.1-3.9%) usually in association with ear,
nose, and throat (ENT) disease [4, 34]. There may be a female predominance and
onset is in the fourth decade of life. One proposed pathogenic mechanism is that
granuloma extension from ENT disease, orbits, and meninges results in pituitary
involvement [34]. Other suggested mechanisms include granulomatous inflamma-
tion originating in situ and vasculitis affecting pituitary vessels [35]. Endocrine
abnormalities include DI (75-92%), hypogonadism (55-88%), Al (57%), hypothy-
roidism (45%), and GH deficiency (33%). Prolactin elevation (9%) can occur also.
Endocrine dysfunction can develop prior to (15.7%), concurrently with (31.3%), or
after (49.0%) GPA diagnosis [34, 35]. Panhypopituitarism has been reported in 25%
of patients with pituitary involvement. Visual defects occur in 17-40% [35].
Antineutrophil cytoplasmic antibody positivity does not correlate with pituitary
involvement. Imaging findings include an enlarged pituitary gland, loss of posterior
pituitary bright spot, pituitary enhancement on T1 after gadolinium, cavernous sinus
invasion, and hypertrophic cranial pachymeningitis [34]. Definitive diagnosis is
made with biopsy and is pursued when pituitary dysfunction is the only disease
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presentation or disease does not respond to therapy that controls systemic manifes-
tations [35]. GPA treatment options include cyclophosphamide (can cause hypogo-
nadism) and high-dose GC. Severe hypothyroidism can reduce the concentration of
4-hydroxycyclophosphamide, the bioactive metabolite of cyclophosphamide, thus
reducing treatment efficacy; identification and treatment of hypothyroidism is cru-
cial [34]. Rituximab is used for GPA relapse or if disease progresses during treat-
ment with cyclophosphamide. Some patients require surgery for decompression
[34]. Patients often have radiologic improvement with treatment. Anterior pituitary
dysfunction is usually permanent, but many patients experience DI resolution [35].

Idiopathic Granulomatous Hypophysitis (IGH)

IGH is a very rare inflammatory condition (1 per nine million per year) and is a
diagnosis of exclusion [36]. There is debate if this is truly a separate entity from LH
or if IGH is part of the same disease process. There may be a female predominance.
IGH presents similarly to pituitary adenomas with headache (61%), nausea (22%),
visual changes (40%), and cranial nerve palsies (27%). Most cases become apparent
due to mass effect from an enlarged pituitary gland [36]. DI (27-82%) is reported to
be the most common endocrine abnormality. Patients can also experience GH
(67%), ACTH (73%), gonadotropin (64-71%), and TSH (65%) deficiencies.
Prolactin levels may be elevated (23—52%). Pituitary MRI shows enlargement,
suprasellar extension, and stalk thickening. Diagnosis is made by pathology, though
it has been speculated that improvement with GCs can help differentiate IGH from
an adenoma [37]. Histology shows widely distributed multinucleated giant cells,
developing granulomas, numerous stationary phagocytic cells, and variable amounts
of lymphocytic infiltration and fibrosis [36]. Conservative management is recom-
mended with surgery reserved for patients with visual changes and those who do not
respond to medical treatment [37]. Normal gonadal axis, galactorrhea, elevated pro-
lactin, and euthyroidism at initial presentation are correlated with reduced require-
ment for long-term hormone replacement [37].

Xanthomatous Hypophysitis (XH)

XH is very rare and may be an extension of the lymphocytic or autoimmune spec-
trum rather than a separate entity. It is postulated that macrophages are activated due
to chronic inflammation leading to xanthomatous infiltration [12]. Many cases have
been linked to hemorrhage of Rathke cleft cysts; neutrophils observed in the gru-
mous debris of XH may represent an acute reaction to blood breakdown products or
cyst contents [38]. There is a female predominance (4:1), mean age 40 years at
presentation. The most common symptoms are headache (62%), DI (37%), amenor-
rhea (39%), decreased libido (19%), breast discharge (16%), and visual impairment
(31%). Patients can present with anterior hypopituitarism and/or
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hyperprolactinemia [39]. DI symptoms appear to be milder and present for a longer
duration when compared to other types of hypophysitis [12]. Autoimmunity is sug-
gested by the association of XH with ulcerative colitis, autoimmune thyroiditis,
rheumatoid arthritis, and Sjogren syndrome [39]. Cystic sellar mass enhancement
on post-contrast MRI can be observed. On gross examination the lesion is a cyst
filled with a thick orange fluid with floating crystals. Diagnosis is based on pathol-
ogy showing xanthoma cells or lipid-rich macrophages [12]. A distinct entity called
xanthogranulomatous hypophysitis (XG) was described in 1999; pathology reveals
cholesterol clefts, lymphoplasmacytic infiltrates, marked hemosiderin deposits,
fibrosis, and accumulation of macrophages. However, XH and XG may exist on a
spectrum, and only the XH subset with significant or repeated hemorrhage develop
a giant cell reaction and the significant hemosiderin deposits observed in XG [38].
XH may be less responsive to corticosteroid therapy than LH. Most patients are
treated surgically. Response to treatment is variable in terms of recovery from mass
effect, but endocrinopathies are typically permanent [12].

Necrotizing Hypophysitis (NH)

NH is an extremely rare disease and few cases are reported [4, 40, 41]. NH may
represent a separate entity or be a variant of another type of hypophysitis. Disease
etiology is unknown [4]. One hypothesis is that NH is an autoimmune disease
whereby inflammation and limitation of blood flow cause ischemic necrosis.
Patients present with sudden onset hypopituitarism, DI, and severe headache.
Pituitary MRI shows enlargement and stalk thickening. In contrast to other forms of
hypophysitis, patients with NH do not have pituitary enhancement with contrast, but
radiologic features of ischemic pituitary apoplexy [42]. Pathology reveals diffuse
non-hemorrhagic necrosis surrounded by dense infiltration with plasma cells, lym-
phocytes, and a few eosinophils [4, 40]. There is considerable fibrosis. Disease
course is not well described and treatment is controversial. Patients are at risk of
unrecognized Al. High-dose GCs, methotrexate, cyclosporine A, and azathioprine
have all been used with variable reported outcomes. Transsphenoidal surgery is rec-
ommended for progressive optic chiasm compression or definitive diagnosis [4].
Patients have permanent endocrine deficiencies that may progress even with radio-
logic improvement or surgical therapy [40, 41].

Infiltrative

Iron Overload

Pituitary dysfunction can occur from excessive tissue iron deposition, which occurs
in hereditary hemochromatosis (HH), multiple iron transfusions, or excessive use of
iron supplements. Hypogonadism is the most common pituitary deficiency,
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occurring in 10-100% of patients [43, 44]. The wide variety in incidence may be
due to grouping different forms of HH together; those with type 2 appear to be at
much higher risk of hypogonadism than those with type 1 [44]. Iron overload in
patients with thalassemia intermedia develops later in life as compared to those with
thalassemia major, who are more chronically transfused [45]. Hypogonadism is
usually due to pituitary damage, though patients can have primary hypogonadism or
hypothalamic pathology [4, 45]. Pathology studies show more pronounced accumu-
lation of iron in gonadotroph cells as compared to other pituitary cells [44]. Men
present with reduced body hair, loss of libido, and altered fat distribution; rarely
they have testicular atrophy and gynecomastia [44]. Women appear to be less
affected than males, potentially due to the protective effects of blood loss during
menses. Pre-menopausal women present with secondary amenorrhea, abnormal
menses, infertility, premature menopause, and loss of libido [44]. Patients rarely
have other pituitary hormone defects, though they often develop primary hypothy-
roidism [44, 45]. Patients also have low prolactin levels. Ferritin levels correlate
with the risk of developing an endocrinopathy [45]. Pituitary MRI often shows the
anterior pituitary with an abnormally low T2 signal intensity [46]. The degree of
iron deposition and volume loss is associated with hypogonadism [47]. It is unclear
whether iron chelation can restore pituitary function. There is some evidence in
children who received multiple transfusions for thalassemia major that early inten-
sive chelation therapy may preserve pituitary function. In neonates with hemochro-
matosis, liver transplantation has been shown to restore pituitary function [48].
Patients should have sex hormones assessed at diagnosis and when symptomatic.
Pituitary function should be reassessed if iron stores are able to be normalized [44].

Amyloidosis

Amyloidosis (systemic or localized) is a disease that causes progressive deposition
of insoluble proteinaceous material in the extracellular spaces of tissues [49].
Amyloidosis of the pituitary gland has been found in 70-80% of older patients on
autopsy and thought to occur due to senile amyloidosis [50]. Amyloid deposition is
frequently noted in pituitary adenomas and is thought to occur due to abnormal
processing of hormone or prohormone [4, 51]. Another theory is that degradation of
secretory granules in vesicles containing amyloid fibrils contributes to amyloid for-
mation. There are a few rare case reports of hypopituitarism in patients with sys-
temic amyloidosis [49, 50, 52]. Amyloid deposition on MRI shows a similar signal
intensity as muscle on T1-weighted images and low to intermediate signal on T2
sequences. Foci with no contrast enhancement seem to represent the amyloid depos-
its. The adenoma may be of firmer texture than expected, and pathology demon-
strates a characteristic apple-green color under polarized light when stained with
Congo red. It is recommended to treat patients with a prolactinoma and intrasellar
amyloid deposition with surgical therapy since medical therapy may not reduce
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tumor size; there is some evidence that dopamine agonist therapy may increase
amyloid deposition [51].

Infectious Hypophysitis

Infectious agents are a rare cause of hypophysitis. Infection of the pituitary occurs
via hematogenous spread or direct extension (through CSF, sphenoid sinus, or
thrombus in cavernous sinus) [4, 53].

Abscess

Only a few hundred case reports of pituitary abscess have been published [54]; pri-
mary pituitary abscess is most common (66%) and occurs in a previously normal
gland. Secondary pituitary abscess occurs in the setting of pre-existing pituitary
lesions [55]. Cultured organisms are most commonly Staphylococcus and
Streptococcus [54]. Fungal pathogens have been identified in immunocompromised
patients but are very rare [56, 57]. Most patients have no risk factors. Patients pres-
ent with headache (most common), visual changes (50-68%), and endocrine abnor-
malities (30-50%) [53]. Up to a third of patients present with fever, peripheral
leukocytosis, and/or meningismus. Signs of severe infection are rare [53]. Pituitary
MRI reveals an intrasellar heterogeneous cystic mass [54]. Diagnosis is often made
during surgery when the sellar mass is found to be pustular [53]. Treatment is surgi-
cal decompression by a transsphenoidal approach; craniotomy is avoided due to risk
of intracranial dissemination. Initial treatment is ceftriaxone until an organism is
identified (duration 4-6 weeks) [54]. Mortality is high. With treatment, headache
and visual changes can improve, but endocrine dysfunction is likely permanent.
Patients should be monitored for recurrence [4, 53].

Tuberculosis (TB)

Clinically apparent sellar involvement is extremely rare in TB. Pituitary involve-
ment is thought to be due to hematogenous spread though there is evidence of direct
spread from the paranasal sinuses [58]. A history of TB is not always present [59].
Patients present with headache (85%), visual disturbances (50-65%), cranial nerve
palsy (22%), and endocrinopathies (22-60%). Patients have anterior pituitary dys-
function (60%; usually partial) and rarely develop DI (10%) [58, 60]. Constitutional
symptoms such as fever (14%) are often absent [61]. Laboratory testing shows an
elevated erythrocyte sedimentation rate and a positive Mantoux test for TB [58].
Surgical intervention is for diagnosis or decompression [61]; an endonasal or
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transsphenoidal approach is used to avoid CSF contamination. Intraoperative find-
ings are a grey, firm to hard, non-suckable lesion with dural thickening [62].
Pathology reveals necrotizing granulomatous inflammation with areas of caseation
necrosis. Acid fast bacilli are rarely observed [58, 59]. Patients should receive a
prolonged (9—24 months) course of anti-tubercular therapy [58, 61, 62].

Syphilis

Syphilis rarely affects the hypothalamus or pituitary, and only a handful of cases
have been described in the literature. The majority of cases were diagnosed post
mortem, and most cases have occurred in children with congenital syphilis [63].
Lesions are typically fibrotic in nature, but there are reports of non-caseating giant
cell granuloma, gumma of the pituitary (with and without necrosis), and empty sella
[64, 65]. This diagnosis should be considered in patients with human immunodefi-
ciency virus infection, especially in patients with painful headaches [64].

Viral Infection

In rare cases viral infections cause hypothalamic-pituitary dysfunction in the acute
phase (meningitis and encephalitis) or in later stages of the infection [66]. Hantavirus
(causes hemorrhagic fever with renal syndrome) is the most common culprit [67—
69]. The pattern of hormonal deficiency and clinical presentation depends on the
type of virus, location of brain lesion, and severity of disease (Table 26.1) [70-73].

Parasitic Infection

Infection of the pituitary gland by parasites is rare [4, 74, 75]. Patients present with
headache (86%) and visual disturbances (61%). Endocrine abnormalities are com-
mon (68%). Elevated prolactin levels may be a protective mechanism in pituitary
infection with malaria [75]. Treatment is surgical and medication therapy is tailored
to the specific pathogen (Table 26.1) [74, 76-79].
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Opioid Interference
with Hypothalamic-Pituitary Function

Check for
updates

Osamah A. Hakami, Athanasios Fountas, and Niki Karavitaki

Case Presentation

A 52-year-old man was referred to the Endocrine clinic for evaluation of progres-
sive erectile dysfunction and loss of libido over the last 12 months. He reported
tiredness, low mood, and reduced motivation, and he had no morning erections. He
did not mention headaches, visual deterioration, symptoms of postural hypotension,
dry skin, or cold intolerance. His weight was stable over the last 12 months. He had
no history of testicular trauma or infection, and 2 years ago, he had a lumbar verte-
bral fracture following a motor vehicle collision which was managed conserva-
tively. This injury was complicated by persistent and worsening neuropathic pain
(radiculopathy). Due to an allergic reaction to gabapentin and intolerance to ami-
triptyline and pregabalin, oral oxycodone was initiated by the Pain clinic, titrated up
to 25 mg four times daily over 6 months. The pain was not adequately controlled,
and transdermal fentanyl was added and titrated up to and maintained at 75 mcg/h,
while oral oxycodone was gradually tapered down. The patient was not on any other
medications. He had two healthy children and no further plans for fertility; he was
an active smoker (15 pack-years) and consumed 10 units of alcohol per week.

On clinical examination, his BMI was 24 Kg/m?, and he had sparse body hair and
reduced muscle mass. External genitalia were normal, and his testes were 20 ml
bilaterally. He had no postural hypotension and his visual fields were normal to
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confrontation. There was no gynecomastia or manifestations of Cushing’s, acro-
megaly, or thyroid dysfunction.

Hormone profile showed hypogonadotropic hypogonadism, normal prolactin,
thyroid hormones, and insulin-like growth factor 1. There was adequate response of
the cortisol on dynamic testing. Gadolinium-enhanced pituitary MRI did not show
pathological findings.

At that point, the most likely diagnosis was opioid-induced hypogonadotropic
hypogonadism. The patient made an informed decision to change his opioid regi-
men to transdermal buprenorphine under the supervision of the Pain clinic. In the
subsequent 6 months, the hormonal abnormalities resolved, and his clinical picture
improved with reversal of his erectile dysfunction.

Introduction

Opioids are potent analgesics, but they are highly addictive and can be misused due
to their euphoric effects. Their use has dramatically increased over the last few
decades with over-prescription, illicit use, and opioid maintenance treatment being
the main contributing factors. This increase has led to a rise in the recognition and
reporting of opioid-related side effects.

Opioids exert various effects on the hypothalamic-pituitary system, and, although
these are known for more than 40 years, they continue to be underdiagnosed. This
is due to lack of awareness among many clinicians and under-reporting of symp-
toms by the patients leading to adverse sequelae [1]. Furthermore, no consensus or
clinical guidelines for the diagnosis and management of opioid-induced endocri-
nopathies are currently available.

A recent systematic review and meta-analysis of opioid-related endocrine effects
found that hypogonadism was prevalent in 63% of male patients on long-term opi-
oids, and hypocortisolism was present in 15-24% of patients of both genders [2].
Hyperprolactinemia was a common finding, as well; however, data on the effects on
other pituitary hormones, as well as on hypogonadism in female patients, are scarce
and inconsistent [2].

Pathophysiology

The term “opioids” refers to all exogenous substances that bind to opioid receptors,
which can be grouped into three main categories: natural (e.g., morphine, codeine,
and papaverine); semi-synthetic (e.g., diamorphine [heroin], hydromorphone,
hydrocodone, oxymorphone, oxycodone, and buprenorphine); and fully synthetic
opioids (e.g., fentanyl, pethidine, tramadol, and methadone) [3]. Opioids act by
binding to receptors that belong to the family of G-protein-coupled receptors, and
according to the International Union of Basic and Clinical Pharmacology
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nomenclature, they are classified in four categories: y, x, o (naloxone sensitive), and
nociceptin opioid peptide receptors (non-naloxone sensitive) [4, 5]. The most com-
monly available opioids are primarily p-receptors agonists, while buprenorphine
and pentazocine are mixed agonists/antagonists.

Studies assessing the effects of opioids on the hypothalamic-pituitary unit have
mainly focused on the hypothalamic-pituitary-gonadal (HPG) axis and, to a lesser
extent, on hypothalamic-pituitary-adrenal (HPA) and hypothalamic-pituitary-
thyroid axes, as well as on prolactin (PRL) secretion. The effects on growth hor-
mone (GH), antidiuretic hormone (ADH), and oxytocin secretion have not been
fully elucidated.

Hypothalamic-Pituitary-Gonadal Axis

Opioids inhibit the normal pulsatile secretion of gonadotropin-releasing hormone,
resulting in reduced secretion of gonadotropins (mainly luteinizing hormone and, to
a lesser extent, follicle-stimulating hormone) from the pituitary gland [1, 6]. Direct
inhibition of pituitary release of gonadotropins and negative action on testicular
function have also been suggested [7, 8]. Finally, they can also cause hyperprolac-
tinemia which may contribute to the suppression of the HPG axis [1, 9]. All these
mechanisms result in hypogonadotropic hypogonadism.

The effects of long-term opioid use on the HPG axis have been extensively stud-
ied in men, with variable prevalence of hypogonadism being reported, while data in
women are scarce. A positive association between opioid use and hypogonadism
has been demonstrated in patients with chronic cancerous or non-cancerous pain
and heroin or methadone addicts, as well as in patients with addiction on opioid
maintenance treatment [ 10—14]. It should be noted, however, that other confounding
factors may contribute to hypogonadism, like age, pain, comorbidities, chemother-
apy, cachexia, and psychological stressors [1, 15].

Hypogonadism has been demonstrated in patients with short- or long-term opi-
oid use, with different formulations and is irrespective of administration route
(intravenous, oral, transdermal, or intrathecal) [11, 16, 17]. Higher opioid doses and
long-acting formulations have been also associated with higher odds of androgen
deficiency in men [18]. Furthermore, the effects on HPG axis depend on the type of
opioid used; patients on fentanyl, methadone, and oxycodone, like in our case, have
higher likelihood of developing hypogonadism compared to those on hydrocodone
[19]. Notably, tapentadol and buprenorphine have been associated with less or no
suppressive effects on the HPG axis [20, 21]. Based on the above data, a change of
oxycodone to buprenorphine was offered to our patient. While male hypogonadism
has been well studied in the literature, data on opioid-related female hypogonadism
are scarce; however, oligomenorrhea or amenorrhea has been reported in women
aged 18-55 years on long-term opioids for non-cancer pain [1, 22]. The effects of
opioids on fertility also deserve additional research.
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Finally, while decreased bone mineral density (BMD) is a known complication
of untreated hypogonadism, opioids can lower BMD directly by inhibiting osteo-
blastic activity; this is through binding to opioid receptors expressed on osteoblast
cells resulting in an unbalanced osteoclastic activity [1, 23].

Hypothalamic-Pituitary-Adrenal Axis

Opioids can suppress the HPA axis (through the three main opioid receptors, y, K,
and 9) by inhibiting corticotropin-releasing hormone (CRH) and ADH secretion,
leading to reduced ACTH secretion from the pituitary gland [1, 24, 25]. Direct opi-
oid action on adrenal function has also been proposed [26]. Both short- and long-
term opioid use has been associated with suppression of the HPA axis. Single
administration of morphine in healthy individuals decreased basal ACTH and corti-
sol levels, as well as their peak response to CRH [27]. In addition, buprenorphine,
hydromorphone, and remifentanil have been found to reduce cortisol response to
psychosocial or surgical stress [28—-30].

Long-term use of various opioids (morphine, hydromorphone, tramadol, oxyco-
done, fentanyl, buprenorphine, dihydrocodeine) in different formulations (oral,
transdermal, intrathecal) for chronic pain has been associated with suppressed HPA
axis [15, 31, 32]. Notably, in two studies, adrenal insufficiency was detected only in
patients on a high opioid dose (morphine - equivalent daily dose >100 mg) [31, 32].
Suppression of the HPA axis has also been documented in patients with opioid
addiction receiving diamorphine maintenance treatment [33].

Although the reported negative effects on the HPA axis have often no clear clini-
cal significance, especially in cases with mild suboptimal cortisol response to
dynamic testing, several case reports have been published discussing patients on
opioids — oral [34], transdermal [35], and intrathecal [15] — presenting with clinical
manifestations that resemble hypoadrenalism or with adrenal crisis, necessitating
awareness by clinicians. In our patient, ACTH reserve was normal.

Prolactin

Opioids can exert stimulatory effect on PRL through the primary opioid receptors in
the hypothalamus (u, x, and 9), by inhibiting the tuberoinfundibular dopaminergic
system; stimulation of the serotoninergic pathway has also been proposed as a
potential mechanism [36, 37].

Although acute intravenous or intramuscular administration of different types of
opioids in healthy volunteers resulted in elevated PRL [38, 39], the effects of long-
term opioid use in chronic pain patients are variable among studies. In a recent
systematic review and meta-analysis, hyperprolactinemia was found in five out of
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seven studies assessing the effects of opioids on PRL secretion in patients with
chronic pain [2]. It should be noted, however, that other confounding factors may
contribute to PRL increase, such as pain, stress, and malnutrition. Finally, cases of
hyperprolactinemia have been observed in heroin addicts and opium smokers [1].

Growth Hormone

Opioid effects on GH have not been fully elucidated yet. Acute administration of
opioids increases GH secretion, whereas studies assessing the effects of long-term
opioid use have provided inconclusive results. A study on patients receiving intra-
thecal opioids (morphine and hydromorphone) for non-cancerous pain revealed
suboptimal GH response to insulin tolerance test (ITT) and insulin-like growth fac-
tor 1 (IGF-1) levels below the mean by >2 SDs in 15% and 17% of them, respec-
tively, compared with controls (patients with a comparable pain syndrome not
treated with opioids) [15], while another study on patients taking oral opioids for
non-cancerous pain showed no abnormality in IGF-1 levels or in glucagon-
stimulated GH compared with a control group receiving non-opioid analgesia [40].
Abnormal GH response on ITT in heroin addicts and patients on methadone man-
agement therapy has also been described [41].

Hypothalamic-Pituitary-Thyroid Axis

Acute administration of different types of opioids (morphine [42], methadone [34],
and buprenorphine [37] in healthy people has been shown to cause an immediate
increase in thyroid-stimulating hormone (TSH), while intravenous morphine aug-
mented TSH response to thyrotropin-releasing hormone [43]. However, in studies
assessing the effects of long-term opioid use, no difference in basal TSH and periph-
eral thyroid hormones levels has been detected between patients on opioids and
controls irrespective of opioid type (morphine, methadone, and diamorphine) and
administration routes (intrathecal or oral) [15, 28].

Antidiuretic Hormone

The effects of opioids on ADH secretion have not been clearly understood since the
relevant studies are confounded by several factors, such as fluid status, side effects
of opioids nausea, pain, hypotension), and co-administration of other medications
which may affect ADH levels. Therefore, no robust conclusions can be extracted on
this area.
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Oxytocin

Data on the effects of opioids on oxytocin secretion in humans are scarce, and they
are inferred mostly from studies on women during gestation or labor. Intravenous
morphine or intrathecal sufentanil reduced oxytocin concentrations in women in
their first stage of labor, while intravenous morphine suppressed oxytocin response
to lactation after delivery [44, 45]. On the other hand, intrathecal fentanyl and intra-
venous morphine did not affect oxytocin levels in women in late pregnancy who
were not yet in labor compared with controls [46, 47]. Overall, the clinical signifi-
cance of opioid effects on oxytocin is unknown.

Diagnostic Testing and Monitoring

Evidence-based guidelines for monitoring, diagnosing, and treating endocrine
adverse effects in patients on long-term opioid use are lacking. However, a recent
review article proposed an algorithm based on the available literature (Fig. 27.1) [1].

Given the high prevalence of hypogonadism in patients on opioids, all patients
on long-term use should be assessed for symptoms and signs of gonadal dysfunc-
tion (including erectile dysfunction, decreased muscle mass, low mood and energy
levels in men; oligomenorrhea and amenorrhea in women; and decreased libido and
infertility in both genders), screening is not recommended in patients on opioids
offered for a short period [1, 29]. Once hypogonadism is clinically suspected,

Men Discontinuation or reduction of the

Blood testosterone ’ opioid dose or change to
(two samples taken 08:00-09:00 h on buprenorphine, if indicated; also,

different days) therapies

FSH, LH, and(if ible) SHBG
N ( |, [ Hypogonadrropic for pain relief
Women hypogonadism
Blood oestradiol, FSH, and LH OR
(combined with menstrual history)
Other causes of hypogonadotropic

hypogonadism need to be excluded

Discontinuation or reduction of dose
of opioid with later reassessment of
the axis

Blood cortisol (08:00-09:00 h sample)
with or without dynamic of
Enquire about symptoms and signs| || the hypothalamo-piitary-adrenal axis _,l Cortisol deficiency |_
of hypogonadism, hypoacrenalism (following confirmation of relevant

and hyperprolactinaemia and for  |-»-| | | clinical manifestations and consultation
risk factors for low bone mineral with endocrinologist)

AND

Glucocorticoid replacement therapy

density
with Consider discontinuation or reduction
t3+| Blood prolactin |_> impact on gonadal function [ I of the opioid dose or alternative opioid
or if needed
Consider discontinuation of opioid
—1.| Spinal and femoral DXA |_.| Low bone mineral density AND

Management of osteopenia or
osteoporosis according to the current
quidelines

Fig. 27.1 Proposed algorithm for the monitoring, diagnosis, and management of endocrinopathies
in patients who are long-term opioid users. (Reprinted from Ref. [1], Copyright (2020), with per-
mission from Elsevier). (Abbreviations: DXA dual-energy X-ray absorptiometry, FSH follicle-
stimulating hormone, LH luteinizing hormone, SHBG sex-hormone binding globulin)
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hormonal testing should be performed (in males, blood testosterone in two samples
taken between 08:00 and 09:00 h on different days, sex hormone-binding globulin
and gonadotropins and in females, estradiol and gonadotropins combined with men-
strual history); exclusion of other causes of hypogonadism, including hyperprolac-
tinemia, also is required.

Monitoring for clinical manifestations of adrenal insufficiency is recommended
in opioid users, and if there is high index of suspicion, measurement of morning
blood cortisol should be performed; further dynamic assessment of the HPA axis
will depend on the results of the morning cortisol.

Patients on long-term opioid use should be also assessed for clinical features of
hyperprolactinemia. If high PRL levels are confirmed, other confounding factors or
causes of hyperprolactinemia should be taken into account in the interpretation of
the results [1].

Thyroid function tests are not indicated in patients on opioids considering that
long-term use is not associated with clinically relevant thyroid dysfunction. Finally,
taking into account that data on the effects of long-term opioid use on GH, ADH,
and oxytocin are inconsistent, clinical recommendations cannot be made.

In our patient, pituitary hormone profile revealed low morning testosterone lev-
els on two separate occasions, normal sex hormone-binding globulin and low
gonadotropins; prolactin, cortisol reserve, and thyroid function were normal. After
exclusion of other causes of hypogonadism, including pathology on pituitary MRI,
the diagnosis of opioid-induced hypogonadism was made.

Management

Discontinuation or reduction of the opioid dose should be the first management step
in cases of hypogonadism. Alternatively, switching to buprenorphine, an opioid
with milder or no suppressive effect on the HPG axis, is a valid option. Our patient
chose this approach which led to successful recovery of his HPG axis. If the above
options are not feasible, gonadal hormone replacement is advised. In the six studies
assessing the effects of testosterone replacement in men with opioid-induced hypo-
gonadism, improvement in sexual function and desire, as well as in mental quality
of life, was reported in those treated with testosterone compared to placebo [2]. It
should be mentioned that the effects of hormone replacement therapy have not been
studied yet in women with gonadal dysfunction due to opioid use.

In cases of confirmed adrenal insufficiency, treatment with glucocorticoids
should be initiated followed by cessation or reduction of the opioid dose, if feasible.
Subsequently, further reassessment of the HPA axis for potential recovery should be
performed including measurement of morning blood cortisol, off glucocorticoid
treatment, or dynamic assessment of the axis.

Management of hyperprolactinemia involves discontinuation or reduction of the
opioid dose as first options. Nonetheless, this approach should be followed only in
the presence of relevant clinical manifestations (impact on gonadal function or
galactorrhea).
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Conclusions

Opioids have multiple effects on the hypothalamic-pituitary unit. Although hypogo-
nadism is the most prevalent one, the inhibitory action of opioids on the HPA axis
should not be overlooked. Hyperprolactinemia may also be seen. Long-term opioid
use has not been associated with thyroid dysfunction, and the effects of opioids on
GH, ADH, and oxytocin secretion remain to be clarified. Assessment of gonadal
and adrenal function (particularly if high index of clinical suspicion) is recom-
mended in opioid users. In cases of hypogonadism and/or hypoadrenalism, discon-
tinuation or reduction of opioid dose and appropriate hormone replacement are the
management approaches that need to be considered.
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Chapter 28
Impact of HIV

on the Hypothalamic-Pituitary Hormonal
Axis

Nupur Kikani and Ashok Balasubramanyam

Case Presentation

A 44-year-old male patient was diagnosed with HIV 8 years prior to presentation.
He presented with concerns of fat accumulation in his neck, breasts, and abdomen
and loss of fat in his limbs, buttocks, and face. He noted that his weight ranged from
160 pounds (72.6 kg) to 170 pounds (77.1 kg) in the years since HIV diagnosis and
treatment with antiretroviral therapy (ART). His baseline CD4 count was 500/
pL. His HIV medication regimen included ritonavir 150 mg twice daily, tenofovir
300 mg once daily, efavirenz 600 mg once daily, and lamivudine 300 mg once daily.
He was previously treated with stavudine and dolutegravir, which were discontin-
ued after he developed severe diarrhea and a diffuse rash. He reported full compli-
ance with his medications, stating he missed no more than one dose of ART
medications per month. The patient’s other medical history was significant for
hypertension and molluscum contagiosum. His family history was notable for coro-
nary artery disease and myocardial infarction in his father and type 2 diabetes mel-
litus in his brother. He owned and worked at a landscaping business. He emigrated
from Mexico 15 years previously, smoked half a pack of cigarettes per day, and
drank alcohol socially. He denied current or past drug abuse.

On physical evaluation, the patient was afebrile, with blood pressure of
132/97 mm Hg, regular pulse of 73 beats per minute, weight of 177 pounds (80.3 kg),
and height of 69 inches. His waistline measured 31 inches. He had bitemporal wast-
ing, with loss of fat in the buttock region and upper and lower extremities. Adiposity
was increased axially — in the abdomen, trunk (breast region), and dorsocervical
region. His physical exam was otherwise normal. Morning fasting blood work
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Table 28.1 Laboratory values for case presentation

CD4 count 512/mL

HIV viral load Undetectable copies/mL
Glucose 112 mg/dL (6.2 mmol/L)
Total cholesterol (TC) 204 mg/dL (5.3 mmol/L)
High-density lipoprotein (HDL) 40 mg/dL (1.04 mmol/L)
Non-HDL cholesterol (non-HDL-C) 172 mg/dL (4.5 mmol/L)
Low-density lipoprotein (LDL) 120 mg/dL (3.1 mmol/L)
Triglycerides (TG) 1257 mg/dL (14.2 mmol/L)
Glucagon stimulation test (1 mg) Growth hormone level (ng/mL)
Baseline 0.04

30 minutes 0.04

60 minutes 0.1

90 minutes 0.4

120 minutes 0.6

150 minutes 0.9

180 minutes 0.9

210 minutes 0.6

240 minutes 0.4

revealed a normal complete blood count and metabolic panel with additional labora-
tory values shown in Table 28.1.

This patient demonstrates the co-existence of dyslipidemia and lipodystrophy
(truncal and dorsocervical fat accumulation in combination with lipoatrophy in the
limbs, buttocks, and face) characteristic of HIV-associated dyslipidemic lipodystro-
phy (HADL). Lipodystrophy or “fat redistribution” is usually clinically diagnosed
upon visual inspection or use of skinfold calipers, although the degree of lipodys-
trophy can be assessed using regional dual-energy X-ray absorptiometry (DXA),
CT, or MRI [1]. This patient also exhibits GH deficiency based on the peak stimu-
lated GH level of 0.9 ng/mL after glucagon administration. Patients infected with
HIV on ART develop an excess of visceral adipose tissue [1]. Visceral adipose tis-
sue expansion has been implicated in the pathophysiology of GH deficiency in HIV-
positive patients [2]. Moderate to severe hypertriglyceridemia, increases in LDL-C,
and decreases in HDL-C can also be seen in HADL [1]. The use of protease inhibi-
tor (PI) therapy (e.g., ritonavir) is strongly associated with the development of dys-
lipidemia, especially elevations in plasma triglyceride (TG) levels. Worsening of
lipid profiles has also been noted when a nucleoside reverse transcriptase inhibitor
(NRTTI) such as lamivudine is combined with a PI [1]. Current front-line ART regi-
mens are generally not associated with severe dyslipidemia or clinically apparent
lipodystrophy, but the use of integrase inhibitors (e.g., dolutegravir) is associated
with generalized and visceral obesity [3].
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Introduction

Hormonal alterations due to human immunodeficiency virus (HIV) infection or its
treatment with antiretroviral therapy (ART), and their impact on hypothalamic-
pituitary-end-organ axes, are well-documented. Suppression of the hypothalamic-
pituitary-growth hormone/insulin-like growth factor-1 (IGF-1) axis is the most
notable change in persons living with HIV (PLWH) on ART. Both GH secretion and
GH response are dampened in PLWH, most markedly in patients with HADL [4].
HADL comprises a constellation of metabolic abnormalities including abnormal
adipose tissue distribution, insulin resistance associated with adipose inflammation,
dyslipidemia, and accelerated atherosclerosis. In this chapter, we will discuss the
impact of HIV on the GH axis and treatment of patients affected by GH deficiency.

Pathophysiology

Several mechanisms have been proposed to underlie abnormal GH secretion
in PLWH.

First, there is decreased pulsatility of GH secretion. Although GH pulse fre-
quency did not differ between HIV-positive men with clinical evidence of lipodys-
trophy, HIV-positive men without lipodystrophy, and HIV-negative men, pulse
amplitude was significantly lower in the HIV-positive men with lipodystrophy [5,
6]. Basal IGF-1 levels were not different between the three groups [2, 5, 6]. This
suggests that the GH secretory pattern of diminished pulse amplitude is associated
with the fat “redistribution” specific to patients with HADL — specifically with
increased visceral fat component of the syndrome [5]. Furthermore, the response of
the GH axis to stimuli is markedly flattened in PLWH compared to healthy controls
and more pronounced in patients with lipodystrophy [2]. The etiology of this phe-
nomenon is multifactorial, and risk factors include categories of ART medications
(such as NRTIs), age, duration of ART, and female gender [1, 7-9].

Excess visceral fat is considered a key component of the pathogenesis of GH
pulsatile defects in PLWH [10, 11]. As visceral adiposity increases, GH secretion is
increasingly blunted [2, 5, 6]. Koutkia and colleagues have demonstrated three
mechanisms responsible for this relationship: increased somatostatin tone, decreased
ghrelin levels, and direct suppression of GH by elevated free fatty acids (Fig. 28.1) [2].

PLWH with lipodystrophy have quantitatively decreased GH response to physi-
ologic agonists, signifying a varying degree of clinical GH deficiency in these
patients. This response is similar to that observed in many obese persons who are
HIV-negative. Stimulation by growth hormone-releasing hormone (GHRH) with
arginine results in a blunted release of GH in both PLWH with visceral adiposity
and HIV-negative obese persons, compared with healthy lean controls [12]. Koutkia



354 N. Kikani and A. Balasubramanyam

Increased Somatostatin Tone Intact GHRH Pulse Initiation

S 2

. Y Growth A Free Fatty
¥ Ghrelin Hormone Acids
+ GH Secretion + GH Response
to GHRH

Normal HIV Lipodystrophy

Fig. 28.1 A proposed mechanism for the decreased growth hormone secretion in patients with
HIV lipodystrophy. (With permission from Springer Nature, Koutkia et al. [6])

et al. [2] demonstrated that when comparing the GH response to GHRH alone with
that of GHRH/arginine stimulation, the GH peaks were significantly lower in HIV-
positive men with lipodystrophy. The addition of arginine increased the GH peak
substantially in HIV-positive men with lipodystrophy. Arginine stimulates GH
secretion by dampening somatostatin inhibitory signaling to the pituitary somato-
tropic cells; hence the enhanced GH secretion induced by arginine suggests that the
basal somatostatin “tone” is increased in HIV-positive men with lipodystrophy [2].
Plasma somatostatin levels are known to be elevated in association with obesity and
increased visceral fat [13—-16].

Plasma levels of ghrelin, a hypothalamic GH secretagogue, are correlated with
GH pulse frequency and the number of peaks of GH secretion in patients with HIV
lipodystrophy. Hyperinsulinemia due to insulin resistance in lipodystrophic patients
has been implicated in causing diminished fasting ghrelin concentrations (and con-
sequently blunted GH secretion) in HIV-positive men with lipodystrophy compared
to healthy controls and HIV-positive men without lipodystrophy [6].

Free fatty acids directly inhibit somatotroph responses to GHRH [17-19], and
the increased free fatty acid concentrations that are associated with insulin resis-
tance and adipose inflammation could contribute to decreased GH secretion in
lipodystrophic PLWH [2]. Growth hormone secretion in response to GHRH stim-
ulation was significantly increased in lipodystrophic PLWH after administration
of acipimox (an inhibitor of triglyceride lipase that decreases circulating free fatty
acids) compared to the healthy controls and PLWH without lipodystrophy [6,
20, 21].
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Diagnosis and Monitoring

The diagnosis of growth hormone deficiency (GHD) in clinical practice can be dif-
ficult as biochemical GHD diagnosed through GHRH/arginine stimulation test or an
insulin tolerance test can be confounded by obesity and clinical features of HIV
infection (e.g., increased adiposity, bone and muscle loss, low energy, mood disor-
ders, impaired quality of life) [22]. Additionally, the clinical manifestations of GHD
are non-specific and often indistinguishable from features of HIV infection such as
bone density loss, cachexia, increased central adiposity, and fatigue. With the more
recent decrease in availability of GHRH for stimulation testing, there also is a lack
of validated data for other stimulation tests, including the glucagon test, specifically
for PLWH.

In obese patients, the cutoffs for GH peak are inadequate due to the high risk of
misclassification between those with and without GHD. The risk of misclassifica-
tion is increased in the context of fat redistribution in patients with HIV-associated
lipodystrophy [1, 22, 23]. Due to these confounding factors, biochemical GHD in
HIV-infected patients is not considered a clinical diagnosis warranting treatment
[12, 24]. When a peak cutoff for GHRH/arginine stimulation of 7.5 ng/mL is used,
there is a notable difference in measures of GHD (measures of visceral adiposity,
IGF-1, IGFBP3, bone mineral density) between the two groups [9, 12, 24]. If a
patient presents potentially with more than one pituitary defect in addition to sus-
pected GHD, a pituitary MRI is warranted to evaluate for severe or structural pitu-
itary disease [25].

Of note, patients with HADL and GH deficiency have multiple risk factors for
cardiovascular disease, including elevated total cholesterol, low-density lipoprotein
C (LDL-C), triglycerides, and plasma insulin and decreased high-density lipopro-
tein C (HDL-C) and increased visceral adiposity [1]. Lipodystrophic PLWH have
increased carotid intima-media thickness [26] and an increased risk of myocardial
infarction and stroke [27] compared to PLWH without lipodystrophy.

Management

One approach to treatment of HADL in PLWH is to reduce visceral fat and hyperli-
polysis by targeting the pituitary-GH/IGF-1 axis [28]. Treatment with recombinant
human growth hormone (r-hGH) [10, 11, 29-32], combined IGF-1/IGF binding
protein-3 [33, 34], and tesamorelin [35—40] has been investigated.

Therapy with low-dose r-hGH at 1 mg/day in HIV-infected men with abnormal
fat distribution decreased visceral body fat by 8.5-11% and increased lean body
mass without changes in glucose tolerance or insulin sensitivity [32, 41]. In another
randomized control trial, men with HIV received r-hGH at a dose of 1 mg twice
daily, which resulted in significantly increased IGF-1 concentrations and lean body
mass [29]. Abdominal and truncal visceral fat and physician and patient ratings of
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lipodystrophy decreased significantly [29]. In stable isotope studies, patients with
confirmed, complete GHD were noted to have high lipolytic rates [29]. This is para-
doxical, in that GH normally promotes lipolysis and persons with GH deficiency
might be expected to have lower than normal lipolytic rates. Administration of
r-hGH to these patients at doses that restored physiologic levels of plasma GH and
IGF-1 resulted in significantly reduced lipolytic rates. These data suggest that
aspects of the HIV infection per se, or its treatment, induce exaggerated lipolysis
that can be partially reversed with careful titration of GH replacement therapy [29].
Agarwal and colleagues demonstrated that the HIV accessory protein viral protein
R (Vpr), which persists in PLWH even after viral-suppressive ART, is sufficient to
produce adipose tissue dysfunction and accelerate whole-body lipolysis [42].

The therapeutic dose-response window for GH replacement is narrow. When
high doses of r-hGH at 4 mg/day were given to patients, visceral fat was reduced by
20% with improvement in the lipid profile, but the rate of total lipolysis increased
[29] together with adverse effects requiring cessation of treatment, including
arthralgias, insulin resistance, carpal tunnel syndrome, and edema [30, 43]. This
high dose also resulted in supraphysiological levels of IGF-1 [43].

Furthermore, the salutary metabolic effects of r-hGH treatment dissipate within
12 weeks after cessation of treatment [30, 44].

Combined GH and IGF-1 therapy has been evaluated in three randomized,
double-blind studies in patients with HIV and visceral fat wasting [45-47]. Low
doses of r-hGH combined with recombinant human IGF-I (r-hIGF-1) 5 mg twice
daily were not associated with significant improvements in body weight from base-
line at 12 weeks compared with placebo [45-47]. Recent studies using a combina-
tion of -hGH and rosiglitazone have shown improvement in visceral fat accumulation
and insulin sensitivity [48, 49]. However, data are limited, and more studies are
needed to better elucidate the effects and risks of combination therapy. At present,
r-hGH is not approved for treatment of HADL in the USA.

There have been limited studies of recombinant IGF-1/IGF binding protein-3 for
the ability of this combination to increase lean body mass and decrease body fat in
PLWH [33]. In one study, mecasermin rinfabate, a recombinant IGF-1/IGF binding
protein-3 combination, was administered to a small cohort of PLWH for 3 months.
At the end of the study, glucose metabolism improved, but there was no significant
change in visceral fat mass [34].

More recent studies have evaluated the use of tesamorelin, a GHRH analog [35—
40]. Tesamorelin functions by augmenting endogenous GH pulsatility and preserves
the negative feedback of IGF-1 on anterior pituitary somatotropic cells [30]. Thus,
the effects of tesamorelin are modulated to maintain physiologic levels of GH and
IGF-1. In an initial phase III randomized controlled trial, Falutz and colleagues
studied 412 patients with ART-treated HIV and increased abdominal fat after treat-
ment with tesamorelin 2 mg or placebo daily for 26 weeks [35]. The tesamorelin
group demonstrated reduced triglyceride levels, reduced total cholesterol, reduced
total cholesterol to HDL-C ratio, and increase in absolute HDL-C in comparison to
placebo [35]. Visceral fat decreased by 15% in the treatment group, and glucose
metabolism was not adversely affected [35]. In a follow-up randomized phase III
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study, 404 patients were randomized to tesamorelin or placebo during a 6-month
efficacy phase [38]. In a second 6-month extension phase, 265 patients were re-
randomized to continue tesamorelin or switch to placebo. Patients who received
tesamorelin for the full 12 months demonstrated a total of 18% reduction of visceral
fat. Those who were switched midway through the study were noted to have a re-
accumulation of visceral fat to baseline levels, demonstrating that tesamorelin is
effective only during active treatment [38].

Long-term safety of tesamorelin has not been established. Tesamorelin was well
tolerated throughout the studies described above, and there was no significant dif-
ference in adverse events between tesamorelin and placebo groups at 26 or 52 weeks
[50]. In the initial phase III trial, 49% of the patients who received the medication
developed IgG antibodies against tesamorelin, and six patients developed hypersen-
sitivity reactions due to IgG antibodies against tesamorelin [34]. Further studies will
need to be done to determine the long-term consequences of therapy with tesamore-
lin. The medication has been approved for use in HIV lipodystrophy associated with
GH deficiency.

Conclusion

Defects in growth hormone pulsatility, secretion, and action are common in PLWH
and contribute to the metabolic complications associated with chronic HIV infec-
tion. The pathogenesis of HADL and GHD are intertwined and likely multifactorial
and are associated with visceral fat accumulation and adipose inflammation. The
complexity of testing for GH deficiency in HIV-positive patients provides a unique
challenge in identifying and treating this condition. Evidence has shown that ther-
apy to attain normal plasma GH and IGF-1 levels improves abnormal fat metabo-
lism while attenuating GHD. Ongoing research will be important in further
delineating the processes responsible for this condition and discovering new targets
for therapy.
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Chapter 29
Surgical Risk and Outcomes for Pituitary
Masses in the Elderly

Bahar Kapoor Force

Case Presentation

A 69-year-old gentleman with a past medical history of hypertension, hyperlipid-
emia, and bilateral cataract surgeries presented to his optometrist after several years
of worsening visual disturbances, particularly in his peripheral vision. Formal visual
fields were performed and showed bitemporal homonymous hemianopsia. Magnetic
resonance imaging (MRI) of the brain showed a 2.4-cm anterior-posterior X 2.9-cm
cranial-caudal x 2.6-cm-wide sellar-suprasellar lesion, expanding the sella and
compressing the hypothalamus with superior displacement, thinning, and increased
T2 signal involving the right optic chiasm and tract (Fig. 29.1). Preoperative hor-
monal evaluation showed no evidence of hypersecretion but revealed central hypo-
gonadism, hypothyroidism, and adrenal insufficiency. The patient underwent
endoscopic endonasal transsphenoidal surgery with a near total resection of the
pituitary adenoma (PA) (Fig. 29.1). Pathology demonstrated a gonadotroph cell
adenoma positive for steroidogenic factor 1 (SF1) with focal follicle-stimulating
hormone (FSH) staining. In the immediate postoperative period, he did not experi-
ence any surgical, medical, or endocrinological complications such as cerebrospinal
(CSF) leak, meningitis, epistaxis, infections, or diabetes insipidus (DI). However,
on postoperative day (POD) 8, he developed hyponatremia with nadir sodium of
127 mEq/L (normal range, 133—-146 mEq/L). He was managed outpatient with fluid
restriction, and his sodium normalized by POD 10. There was significant improve-
ment in his vision, but not a full recovery. He did not regain his pituitary gland func-
tion and remained on hormonal replacement therapy. During follow-up for 4 years
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Fig. 29.1 Preoperative (upper panels) and postoperative (lower panels) T1-weighted coronal and
sagittal MRI with gadolinium contrast

after surgery, his vision remained stable, and subsequent MRIs of the pituitary gland
showed a stable 1-cm residual component near the left carotid and distanced from
the chiasm.

Introduction

Advancements in modern medicine have led to an increase in the average lifespan,
especially in developed countries. In the past 30 years, the average life expectancy
at birth has increased by more than 8 years worldwide, and in 2019 the life expec-
tancy was anticipated to be 72.6 years [1]. In 2016, the World Health Organization
reported that the average estimated life expectancy was highest in Japan at
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84.2 years, with the United States trailing close behind at 78.5 years [2]. Moreover,
it is projected that by year 2050 there will be approximately 1.5 billion people over
the age of 65 years, more than double the number currently [1].

The prevalence of PAs is estimated to be about 16% in the general population [3].
Among these, up to 14% of PAs occur in elderly patients [4]. Increased life expec-
tancy in conjunction with improved access to healthcare and frequent neuroimaging
will further increase the incidence of sellar masses diagnosed in the older age group.
There is a tendency to favor aggressive surgical intervention over conservative treat-
ment in younger individuals compared to the elderly, particularly for non-functioning
PAs (NFPAs) [5]. This has likely been based on concerns for greater surgical com-
plications in the older age group and overall slow rate of tumor growth in PAs.
However, with increasing longevity, the elderly are at increased lifetime risk of
significant tumor enlargement affecting their visual apparatus. Thus, it is imperative
to examine the safety and efficacy of transsphenoidal surgery in the elderly.

Clinical and Radiological Characteristics

The definition of the term “elderly” in the context of pituitary surgery has been
stated variably in the literature, but majority of the studies comprise of patients
>65 years of age. The most frequent presenting symptom is visual dysfunction,
occurring in nearly two-thirds of patients in one study [4, 6]. In this same series,
nearly 20% of patients with visual dysfunction had coexisting age-linked ocular
disturbances such as cataracts and glaucoma. This makes the elderly more vulner-
able to a delay in diagnosis. Moreover, symptoms of hypopituitarism are often pres-
ent but likely are underestimated due to atypical presentations disguised as
manifestations of ageing [7]. Patients also complain of severe headaches, although
it is a more common finding in younger patients with PAs [6].

Pituitary incidentalomas, discovered on imaging performed for other comorbidi-
ties, are 13.1-21.8% of PAs diagnosed in the elderly [4, 6, 8]. Majority of the PAs
in the elderly that undergo surgery are macroadenomas with mean diameter between
20 and 30 mm at diagnosis [4, 6, 8]. One-third of these may have cavernous sinus
invasion [4, 9].

Tumor Histology in the Elderly

Non-functioning PAs (NFPAs) are the most frequent type of tumor found in this age
group, comprising 60-80% of all PAs, of which a proportion will have gonadotroph
lineage [4, 6, 9, 10]. Among hypersecreting PAs, growth hormone (GH)-secreting
tumors account for 6.1-16.9% of PAs in the elderly [6, 9, 10]. Tumor-hypersecreting
prolactin (PRL), adrenocorticotropic (ACTH), and thyroid-stimulating hormone
(TSH) are much less common.
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Surgical Outcomes and Complications

Overall rate of resection of PAs is comparable between the younger population and
the older population (median 70.7% vs. 65.7%; p = 0.35) [11]. However, when a
subgroup of elderly patients >80 years of age is assessed, the rate of gross total resec-
tion (GTR) appears to be significantly lower in those greater than 80 years [11].
Tardivo et al. saw a similar trend of declining rates of GTR in PAs present in the
octogenarian population [8]. The goals of surgery in this group are decompression of
tumor, preserving vision, and reducing the complications related to a more aggressive
surgical approach. Moreover, the tumor volume doubling time for NFPAs declines
considerably with age [12]. This may explain the choice of partial resection in this
age group. With regard to recurrence rates, no statistically significant differences
have been seen among age groups at a median follow-up period of 33.2 months [11].

Visual outcomes after transsphenoidal surgery in patients over age 65 years are
also comparable to the younger population [4, 11]. In fact, Chinezu et al. found that
in patients over 80 years of age, postoperative vision was significantly improved
when compared to those between 65 and 75 years of age [13]. In Japan, Watanabe
et al. showed that endonasal endoscopic transsphenoidal surgery improved visual
impairment scores at similar rates in both the elderly and nonelderly groups, but the
extent of recovery to achieve normalization of vision was less in the elderly than the
younger population. This may be attributed to longer duration of symptoms masked
by cataracts and a larger tumor size [14]. Postoperative cranial nerve deficits (IIL, IV,
and VI) were found to be slightly higher in the elderly (4/249; 1.9%) than the
younger population (4/294, 1.9% vs. 0/614, 0%; p = 0.012) in a study by Pereira
et al. [4].

Surgical complications of transsphenoidal surgery include CSF leaks with or
without placement of lumbar drains, hematomas, sinus infections, and epistaxis. In a
meta-analysis done by Tuleasca et al., the cumulative median rate of overall compli-
cations (except CSF leaks) was found to be similar between younger patients (4%)
and the elderly (8%) (p = 0.36) [11]. However, Wilson et al. and Gondim et al. indi-
vidually found a trend toward a higher rate of overall complications in those >70
years compared to those <70 years [14, 16]. This has not been replicated in any of the
subsequent studies where complication rates remain similar between young and
elderly age groups [4, 6, 8—10]. With regard to CSF leaks, some studies show a lower
incidence of CSF leaks with an increasing age, especially in the octogenarians with
overall rates between 0.6% and 4.9% in the elderly [4, 6, 8, 9, 11]. This may be attrib-
uted to the less radical resection of tumors in those more than 80 years of age.

Quality metrics such as length of stay (LOS) and 30-day readmission rates have
also been examined in the elderly undergoing pituitary surgery. Duration of hospital
stay in those undergoing pituitary surgery has been found to be similar between the
elderly and younger age groups in several studies [4, 6, 13—17]. An exception to this
was a study by Fujimoto et al. that found that patients >80 years of age had a signifi-
cantly longer hospital stay than those <80 years (19 vs. 12.5 days, p = 0.001) [18].
However, the sample size for the octogenarian age group was small (12 patients).
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The largest comparison study regarding outcomes of pituitary surgeries for NFPAs
done by Pereira et al. consisted of 614 nonelderly and 294 elderly patients. They
found no statistical difference in median LOS between the nonelderly and elderly (1
vs. 2 days; p = 0.492) [4]. Thirty-day readmission rates have also been found to be
comparable among both age groups [4, 19].

Medical Outcomes

Medical complications encountered after pituitary surgery include infections such
as pneumonia or bacteremia, venous thromboembolism, myocardial infarction
(MI), or cerebrovascular accident (CVA). Given the increase in comorbidities with
increasing age, there is concern that the elderly population may be more vulnerable
to medical complications. In 2015, Liu et al. found a statistically increased risk of
severe systemic complications in the elderly, although interpretation is limited due
to small sample size of the elderly cohort [20]. Subsequent major studies by
Sasagawa et al. and Memel et al. differed from that study and found similar rates of
medical complications among elderly and nonelderly [4, 21]. Mortality rates after
transsphenoidal surgery range from 0% to 3.6% in the elderly [22].

Endocrinological Outcomes

Patients undergoing transsphenoidal surgery are at immediate risk for postoperative
DI. A systematic review and meta-analysis of six studies comparing incidence of DI
in the elderly and young patients showed similar rates (median 6.5% vs. 6%,
p=0.86) [11]. In fact, some recent studies show a higher incidence of both transient
and permanent DI in the nonelderly vs. the elderly age group [4, 6]. Surgeries in
younger patients are usually aggressive, requiring greater stalk manipulation, and as
a result may cause increased rates of DI. On the other hand, rates of postoperative
hyponatremia are found to be higher among the older age group with rates between
9.1% and 26.7% [4, 23]. It is hypothesized that age-linked changes in the threshold
for the release of natriuretic peptides from the pituitary as well as common drugs
used in the elderly may make them more susceptible to fluid and electrolyte
disturbances [4].

The median rates of panhypopituitarism have been found to be comparable
among younger and older age groups (8% vs. 7%, p = 0.94) [11]. There is limited
data regarding resolution of preoperative hormonal deficiencies after transsphenoi-
dal surgery; however, some studies showed an improvement in pituitary gland func-
tion in 4.7-16.9% of elderly patients [6, 8]. Studies by Zhan et al. and Gondim et al.
did not report any recovery of pituitary function postoperatively, but Thakur et al.
found recovery of at least one hormonal axis after surgery in 48.3% of the
elderly [22].
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Outcomes in the Elderly Based
on Preoperative Characteristics

A few studies used other classification systems such as the American Society of
Anesthesiologists (ASA) classes or the Charlson Comorbidity Index (CCI) in order
to further risk-stratify elderly patients undergoing pituitary surgery. ASA classifica-
tion was predominantly used in comparative studies to ensure that both the younger
and older age groups have similar distribution of patients among ASA subgroups [4,
13]. Pereira et al. used CCI to account for medical comorbidities in the elderly and
divided these patients into those with a cut-off of >6 signifying increased comor-
bidities [4]. Patients with CCI of >6 were significantly older (median age of 74 vs.
69 years; p < 0.001) and had higher incidence of medical problems including diabe-
tes mellitus, chronic pulmonary obstructive disease, history of CVA/MI, chronic
kidney disease, heart failure, peptic ulcer disease, and dementia. Surgical outcomes
were similar in both groups with exception of increased requirement of lumbar
drains in the healthier group. Endocrinological outcomes were also comparable
between the groups, with the exception of DI which occurred more frequently in
patients with CCI >6.

Outcomes in Elderly with Hypersecreting Pituitary Adenomas

Acromegaly is the most common form of hormonal hypersecretion in elderly
patients with PAs [24]. Sasagawa et al. examined surgical outcomes and complica-
tions in elderly patients with acromegaly and their young counterparts, with this as
the only comparative study in this area to date [21]. While preoperatively, more
patients in the elderly age group had a higher ASA class, signifying increased sever-
ity of comorbidities, there were no surgical complications or mortality in either
group. The incidence of new pituitary deficiencies in the postoperative period was
similar in both groups as were rates of remission and improvement in metabolic
parameters. However, elsewhere in the literature, data regarding remission of acro-
megaly in the elderly has been conflicting, largely stemming from small studies
with a lack of control groups [24].

Data regarding remission rates for Cushing’s disease and PRL- and TSH-
secreting PAs are more limited. This is likely due to the rarity of these functioning
tumors in the elderly as well as the use of dopamine agonists as first-line treatment
in prolactinomas [7]. Spina et al. reported a cure rate of 65.8%, 20%, and 60% for
ACTH-, PRL-, and TSH-producing PAs, respectively [9].

Conclusion

The elderly age group is the most rapidly growing segment of the population owing
to increasing average life expectancy. The greater utilization of neuroimaging in this
expanding cohort will increase the incidence of pituitary masses in the elderly.
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Thus, it is prudent to examine the safety and efficacy of pituitary surgery in these
patients, with special attention to patient selection and preoperative assessment of
comorbidities. The current literature, albeit largely retrospective, points toward low
complication rates and successful transsphenoidal surgery in the hands of a skilled
pituitary neurosurgeon.
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Chapter 30

Benefits and Risks of Testosterone
Replacement in the Older Man
with Hypogonadism

Marco Marcelli and Sanjay Navin Mediwala

Case Presentation

A 69-year-old man presents to the endocrinology clinic complaining of decreased
sex drive and erectile dysfunction (ED) that started 4 years ago. He is diagnosed
with hypertension (HTN), obesity, hyperlipidemia, benign prostatic hyperplasia
(BPH), and type 2 diabetes mellitus (T2DM) with no known complications except a
mild neuropathy and ED. Current medications include aspirin, tadalafil, valsartan,
metformin, and atorvastatin. Transition through puberty was uneventful; as a young
man, he was sexually active with a healthy libido and fathered three children. Part
of his professional duties as an oil executive included the attendance of several busi-
ness dinners, which, together with a sedentary lifestyle, lead to a gradual increase
in weight and T2DM. His current BMI is 35 kg/m?.

On examination, vital signs were normal and BP was 130/85 mm Hg. He did not
report symptoms of urinary tract obstruction secondary to BPH. On physical exam,
he looked his stated age, and his general exam was normal except for the accumula-
tion of periumbilical fat and early muscular atrophy. His testes measured 20 mL,
and his phallus was anatomically normal. A digital rectal exam (DRE) revealed a
smooth prostate of approximately 35 grams. Upon further questioning, he revealed
that his loss of libido and ED occurred in parallel. The quality of his erections was
poor, vaginal penetration was problematic, and he would achieve erection only with
the aid of tadalafil. International Index of Erectile Function (IIEF) scores were
decreased in all domains measured by the questionnaire (i.e., erectile function,
orgasmic function, sexual desire, intercourse satisfaction, and overall satisfaction).
At 8 a.m. total testosterone (TT) by liquid chromatography and tandem mass spec-
trometry (LC/MS-MS) and free testosterone (FT) measured by equilibrium dialysis
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followed by LC/MS-MS were 229 ng/dL (264916 ng/dL) and 3.5 ng/dL (reference
range for this assay >5 ng/dL), respectively. A second testosterone panel was
unchanged, and luteinizing hormone (LH), follicle-stimulating hormone (FSH), and
prolactin were 5.1 IU/mL (1.3-9.6 IU/L), 3.5 IU/L (1.2-15.8 IU/L), and 10.1 ng/mL
(4.0-15.2 ng/mL), respectively. His HbAIC was 6.8%. From a general health
screening offered by his company 10 years ago, we learned that, at that time, his
BMI was 28 kg/m?, HbA1C was 5.4%, TT by immunoassay was 591 ng/dL, and bone
mineral density was normal.

Introduction

Based on the Endocrine Society definition [1], a diagnosis of hypogonadism
should be based on the presence of typical symptoms and biochemical tests show-
ing unequivocally low testosterone, which is illustrated in the patient presentation.
The presence of either manifestation alone is not sufficient for the diagnosis of
hypogonadism. By using this strict syndromic approach, the prevalence of hypo-
gonadism among middle-aged and older men is between 2% and 5% [2—4], while,
in contrast, either low testosterone or symptoms alone is present in up to 25% of
cases [3].

Two categories of hypogonadism exist [5]: pathological and functional.
Pathological hypogonadism (PH) derives from testicular inability to produce a
physiological amount of testosterone due to organic diseases of the hypothalamic-
pituitary-gonadal (HPG) axis. Diagnosed in both younger and elderly individuals, it
is usually irreversible and associated with severely decreased testosterone levels and
accompanying clinical symptoms. Functional hypogonadism (FH, also known as
late-onset hypogonadism) is not associated with organic disease of the HPG axis
and can be reversible. FH is associated with advancing age, chronic diseases, and a
modest decrease in serum testosterone and overall has a more subtle clinical
presentation.

Regarding the 69-year-old patient in the case presentation, he comes to the
attention of an endocrinologist for low libido and ED. Significant aspects of his
medical history are the presence of obesity, BPH, HTN, T2DM, and hyperlipidemia.
During the last few years, the development of low libido and ED were concomitant
with a significant increase in body weight in parallel with hormonal changes typical
of central hypogonadism. His exam is essentially normal, except for periumbilical
fat deposition and early muscular atrophy. His primary and secondary sexual char-
acteristics are normal. His TT is 11% lower than the normal reference range, and
he has typical symptoms of androgen deficiency, as defined for middle-aged to older
men in the European Male Aging Study (EMAS) [6]. Hence, he is most likely
affected by FH.



30 Benefits and Risks of Testosterone Replacement in the Older Man... 375
Pathophysiology

Testosterone decreases and sex hormone-binding globulin (SHBG) increases as a
function of aging. As a consequence, TT and FT decline steadily by ~0.4% and
1.2% per year after age 25-30 [6, 7]. The decline in FT with age is exaggerated
compared to TT by the concurrent rise in SHBG. In the elderly patient in the case
discussion, age-dependent T reduction likely has played a role in the development
of FH. However, decreasing T in the aging male also can be due to deteriorating
health caused by chronic conditions such as obesity; T2DM; metabolic syndrome;
cardiac, hepatic, or renal failure; chronic obstructive lung disease; rheumatological
conditions; cancer; HIV positivity; myocardial infarction; burns; inflammatory
bowel disease; sepsis; and intensive care unit admission [5]. According to the
EMAS, obesity and co-morbidities increase the prevalence of FH by thirteen-fold
and nine-fold, respectively [6]. The serum T level is 30% lower in obese versus
normal-weight men at any age, representing more than the entire age-dependent T
decrease between 40 and 80 years of age [8]. Obesity and the other chronic condi-
tions listed above disrupt the physiology of the HPG axis centrally with mecha-
nisms related to the release of pro-inflammatory cytokines from adipocytes, the
presence of insulin resistance, endocannabinoid release by the central nervous sys-
tem (CNS), and altered metabolic pathways regulating energy metabolism [9—14].
Based on this discussion, we need to counsel our patients that the declining health
associated with aging, more than aging itself, is the main reason why serum testos-
terone decreases in older men. Importantly, males involved in healthy behavior or
self-reporting excellent health maintain a relatively stable serum testosterone level
into the eighth decade [15].

Diagnostic Testing

Guidelines require measuring plasma testosterone on two separate days between 7
and 9 AM to avoid treating individuals who are not hypogonadal [1]. This recom-
mendation is based on the observation that maximal testosterone release occurs in
the early morning and then decreases during the rest of the day and that, in 30% of
cases, a low-measured testosterone level is not confirmed when the test is repeated
a second time. Testosterone circulates free (1-4%), bound to SHBG (~44%), and
albumin (~54%). SHBG-bound testosterone is not readily bioavailable due to the
high affinity of binding. With the low affinity between testosterone and albumin,
albumin-bound testosterone dissociates in the capillary bed of organs and becomes
biologically active. Free T is the fraction with direct access to the androgen receptor
(AR) in the target cell that results in androgenic effects. The three testosterone frac-
tions (free testosterone + SHBG-bound testosterone + albumin-bound testosterone)
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Table 30.1 Conditions associated with changes in the concentration of SHBG

Decreased SHBG (total testosterone
Increased SHBG (total testosterone increased) | decreased)
Aging Obesity
Hyperthyroidism Diabetes Mellitus
Estrogen use Metabolic Syndrome
Chronic liver diseases Hypothyroidism
HIV Acromegaly
Thiazolidinedione use Androgen use
Smoking Glucocorticoid use
Anticonvulsant use Progestin use

Abbreviations: HIV human immunodeficiency virus, SHBG sex hormone-binding globulin

are measured together as “total T (TT). The most reliable and sensitive way to
measure TT is by liquid chromatography with tandem mass spectrometry
(LC-MS-MS) [1]; however, this technology is not always available in hospital-
based laboratories. Hence, reliable immunoassays can be used with the understand-
ing that these assays lose sensitivity at low concentrations (i.e., in children, men
with hypogonadism, and women). As SHBG concentrations change under many
conditions (Table 30.1), serum TT will increase or decrease according to the direc-
tion of the SHBG change. For instance, it will increase as a function of aging and
decrease in patients who have T2DM and insulin resistance or are obese.
Consequently, serum TT is not a reliable measurement when it is close to the normal
reference range or in patients known to have one of the conditions affecting SHBG
levels. Under these circumstances, we recommend measuring FT, either by
LC-MS-MS after an equilibrium dialysis step or by utilizing an equation that uses a
computational algorithm based on the law of mass action [16] or on the allosteric
model of SHBG and T interaction [17]. We do not recommend immunoassays to
measure FT. During routine clinical practice, we recommend a Centers for Disease
Control and Prevention (CDC)-certified assay, ideally LC-MS-MS-based, where the
lower limit of the reference range is 264 or 303 ng/dL by using the 2.5th or fifth
percentiles, respectively [18]. The reference range for FT measured by equilibrium
dialysis is not established, as this assay is not yet fully standardized. Few studies
have defined the correlation between FT and hypogonadism; hence until more data
becomes available, one should use the reference range offered by the preferred labo-
ratory (>5 ng/dL for the laboratory used in our institution).

Blood tests such as prolactin, consideration of a transferrin and transferrin satu-
ration level, and inquiring if the patient has been taking opioids or anabolic steroids
are part of the routine investigation for every case of hypogonadism. Imaging of the
pituitary gland usually is not required unless the patient endorses abnormalities of
the visual fields or symptoms suggesting a specific pituitary pathology or if the
serum testosterone is particularly low, typically <150 ng/dL in an older man and
<250 ng/dL in a man under 40 years of age [19].

The serum TT for the patient from the case vignette is low for both measurements
confirming hypogonadism, and in theory a FT was not necessary, but nevertheless
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it was decreased. Inappropriately normal LH confirmed the central nature of the
hypogonadism affecting this patient. As serum TT was only marginally decreased,
we did not deem it necessary to request an MRI of the pituitary gland.

Management

Men self-reporting excellent health maintain a relatively stable serum testosterone
level into the eighth decade, so it is relevant to wonder if implementing lifestyle
changes to lose weight are associated with increased serum testosterone levels. In
agreement with the fact that FH is a reversible condition, weight loss by diet [20],
bariatric surgery [20], drugs [21], or exercise [20] is followed by an increase of TT
that is proportional to the amount of weight loss. FT also increases in the context of
the more substantial weight loss seen in patients undergoing bariatric surgery [20].
According to the EMAS, 15% weight loss is followed by gradual normalization of
the HPG axis, and mean increases of 2.2 IU/L, 164 ng/dL, and 1.4 ng/dL are
reported, respectively, for LH, TT, and FT under these circumstances [22].

Considering that our patient’s TT is only 11% lower than normal, a 15% weight
loss would be associated with normalization of his serum TT level, a supervised
program of weight loss should be initiated. Notably, the main complaints of men
with FH, decreased libido, and ED, are improved by weight loss, independently
[from exogenous testosterone supplementation.

Some manifestations of hypogonadism improve with drugs acting on certain tes-
tosterone target organs via testosterone-independent mechanisms. For instance,
phosphodiesterase type 5 inhibitor (PDESi) improves ED in men by increasing
intra-cavernous NOS concentration through the inhibition of cGMP catabolism by
the PDES enzyme. This effect is T-independent; hence a PDESi induces erections in
hypogonadal men. Whether combining PDESi and TRT adds benefits is controver-
sial. An initial study showed lack of benefits when TRT was added to men respond-
ing to sildenafil [23]. However, when TRT was given to tadalafil non-responders
with low serum TT (i.e., <300 ng/dL), there was a positive effect [24]. Hence, it is
possible that TRT adds benefits to a PDES5i in the presence of low serum
TT. Nevertheless, it is unclear if the action of PDES5i is completely testosterone-
independent, because the aforementioned study described that TT increased by as
much as 100 ng/dL after treatment with sildenafil [23]. The mechanism of this phe-
nomenon could be due to a direct effect of sildenafil on the testes [23] or to the
increased serum T level secondary to resumption of sexual activity [25]. In daily
practice, many men end up receiving TRT and a PDESi, but this is not endorsed by
professional societies [26], and it should be emphasized that PDES5i remains a via-
ble treatment if for any reason TRT is contraindicated and that TRT addition seems
to be effective only in men with serum T in the hypogonadal range.

In a similar fashion, bone loss and increased fracture risk are consequences of
hypogonadism, and antiresorptive agents decrease fracture risk with a testosterone-
independent mechanism of action. Despite the finding that TRT increases bone
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density, no study has so far investigated if replacement reduces fracture risk. Hence,
antiresorptive agents should be added to TRT in hypogonadal men who have a high
risk for fracture.

Additional testosterone-independent measures to benefit these patients consist in
discontinuation of opioids, whenever possible, and androgenic anabolic steroids.
Gonadal function can be restored within 1-12 months in these patients despite the
profound suppression that these drugs exert on the HPG axis [27]. Based on the
Testosterone Trials [28], expected positive outcomes consist of a (modest) improve-
ment in libido, sexual satisfaction, and sexual activity and a lesser improvement of
erectile function (compared to libido) [29]. Also, hemoglobin increases by ~1 g/dL.
with correction of baseline anemia [30]. There is increased volumetric trabecular
bone mineral density, estimated bone strength, and areal BMD [31]. The Testosterone
Trials did not show a significant positive effect on vitality and physical function [28]
or cognitive function [32].

Our patient from the case presentation carries a diagnosis of hypogonadism
according to the Endocrine Society criteria. Although approaches to reduce his
weight by establishing a program of behavioral modifications based on diet and
exercise are reasonable, these measures often are unsuccessful, either because sus-
tained weight loss may not be achievable or because consistently low T (and associ-
ated symptoms) may persist. The presence of sarcopenia observed on the physical
exam of this patient could limit his ability and motivation to increase physical activ-
ity. Hence, a 6-month trial of TRT is advisable. If benefits are not achieved after
6 months, treatment should be discontinued.

Are There Contraindications to the Use of TRT?

We do not prescribe TRT to patients with a history of prostate or breast cancer,
erythrocytosis (hematocrit >50-52%), prostate-specific antigen (PSA) >4 ng/dL or
>3 ng/dL in the presence of family history of prostate cancer, abnormalities on digi-
tal rectal exam, or a lower urinary tract symptoms score (LUTS) >19 using the
International Prostate Symptom Score modified from the American Urological
Association (Table 30.2) [1, 33]. Despite the knowledge that the prostate is respon-
sive to testosterone in terms of growth and PSA production [34, 35], there is no
evidence that hypogonadal men receiving TRT experience an increased risk of pros-
tate cancer or symptomatic BPH [36, 37]. Before prescribing TRT we clinically
assess the presence of familial or personal predisposition to thromboembolic events
[38] and whether the patient is affected by untreated obstructive sleep apnea [1].
Studies have been controversial as to whether TRT affects CV risk. This issue
will not be conclusively clarified until the conclusion of the ongoing TRAVERSE
trial (https://clinicaltrials.gov/ct2/show/NCT03518034), expected in 2025. It should
be noted that the US Food and Drug Administration issued a safety warning in 2015,
requiring all testosterone products to include a black box describing the possible
increased risk of CV events associated with testosterone use. We recommend
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Table 30.2 International Prostate Symptom Score derived from the American Urological

Association Symptom Index for benign prostatic hyperplasia [33]

Question

In the past
month

Not at all

Less
than
one in
five
times

Less
than half
the time

About
half
the
time

More than
half the
time

Almost
always

Score

1

Incomplete
emptying:
How often
have you had
the sensation
of not
emptying
your bladder?

0

1

2

3

4

5

Frequency:
How often
have you had
to urinate less
than every

2 hours?

Intermittency:
How often
have you
found you
stopped and
started again
several times
when you
urinated?

Urgency:
How often
have you
found it
difficult to
postpone
urination?

Weak stream:
How often
have you had
a weak
urinary
stream?

Straining:
How often
have you had
to strain to
start
urination?

(continued)
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Table 30.2 (continued)

Less
than About
onein | Less half | More than
In the past five than half | the half the Almost
Question month Notatall | times | the time |time | time always | Score
7 Nocturia: 0 1 2 3 4 5
How many
times did you
typically get
up at night to
urinate?
Total score
Inter- 1-7: Mild 8-19: Moderate 20-35: Severe
pretation
Mostly Mostly
Delighted | Pleased | satisfied | Mixed | dissatisfied | Unhappy | Terrible
Quality of | If you were to | 0 1 2 3 4 5 6
life spend the rest
of your list
with your
urinary
condition just
the way it is
now, how
would you
feel about
that?

complying with the Endocrine Society guidelines and not offer TRT to patients who
experienced a cardiovascular episode in the last 6 months or are affected by active
angina or poorly controlled congestive heart failure [1]. The most frequently occur-
ring adverse event from TRT is erythrocytosis, with an relative risk of 8.14 accord-
ing to a meta-analysis from 1579 patients [37]. Men seeking fertility should be
informed of the suppressive effect on spermatogenesis exerted by TRT [1].

What Testosterone Formulation Should Be Used?

In the USA, there is access to transdermal, intramuscular, subcutaneous, intranasal,
buccal, or pellet implant formulations of testosterone. More elderly individuals are
typically started with a transdermal preparation, titrated to a mid-normal level of TT
(approximately 500-600 ng/dL). Intramuscular (IM) testosterone esters (depot) are
recommended for patients requiring large doses of transdermal testosterone to reach
the goal concentration, such as >4 daily actuations of transdermal gel. Patients
should be counseled on how to avoid transfer of topical testosterone to children or
women by skin contact.
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Alternative Therapies

Aromatase inhibitors (Al) or selective estrogen receptor modulators (SERMs) such
as clomiphene and enclomiphene have been used, but they are not recommended
due to a paucity of large and reproducible randomized clinical trials. Al are widely
used off-label in the USA, but we do not recommend their use because they prevent
formation of estradiol, which is important for bone and sexual health, and preven-
tion of accumulation of fat. Similarly, human chorionic gonadotropin or other
androgenic formulations have not been sufficiently investigated and should not be
used for functional hypogonadism.

Monitoring

The Endocrine Society guidelines [1] recommend measuring testosterone, hemato-
crit, and PSA after 3 and 12 months on therapy. Serum testosterone should be mea-
sured midway between injections when using IM testosterone esters (depot) or
2 hours after application of a gel. We request a urological consultation in patients
with a palpable prostate nodule or induration; PSA concentration of >4 ng/mL, or
>3 ng/mL if at high risk, for serum PSA concentration increases of >1.4 ng/mL
within any 12-month period of TRT; or PSA velocity of >0.4 ng/mL/year using the
PSA level obtained after 6 months of T administration as the reference [1]. We
engage all patients in the decision-making of monitoring for prostate cancer and fol-
low the guidelines of the American Urological Association and Endocrine Society.
We monitor for the presence of LUTS [1] and refer to a urologist for an increase of
IPS score to >19. For patients developing erythrocytosis, we recommend changing
to a transdermal formulation, decreasing the testosterone dose, discontinuing treat-
ment altogether, or enrolling the patient in a regular blood donation program. We
discontinue the treatment in patients developing a cardiovascular event during TRT.

Conclusion

The diagnosis of hypogonadism requires characteristic symptoms as well as bio-
chemical evidence of low testosterone. The decision to treat functional hypogonad-
ism in aging male patients requires careful consideration of the risk to benefit ratio
and monitoring of symptom improvement and safety parameters.
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Chapter 31
Risks and Benefits of Growth Hormone
Replacement in the Elderly

Artak Labadzhyan and Shlomo Melmed

Introduction

Growth hormone (GH) plays an important role in growth and bone development in
childhood and adolescence, and GH replacement in growth hormone-deficient
(GHD) patients may enable achieving expected adult height [1]. Adult GH levels
decline with aging, but adequate adult GH levels are important for maintaining body
composition, bone mass, and quality of life (QoL) [2, 3].

GH-releasing hormone (GHRH) produced by the hypothalamus acts on anterior
somatotroph cells to produce GH [4]. GH action is mediated through binding to
growth hormone receptors on the muscle, adipose, kidney, and cartilage and exerts
a predominant indirect action via insulin-like growth factor 1 (IGF-1) produced by
the liver in response to GH [2].

Adult GHD results from disruption of the GHRH-GH-IGF-1 axis due to underly-
ing causes, including genetic/congenital and hypothalamic/pituitary tumors, trauma,
surgery, radiation, and other insults (Table 31.1). Benefits and risks of adult GH
replacement are more difficult to assess than in children, and GH replacement in the
elderly population is uniquely challenging for GHD diagnosis, assessment of GH
benefits and risks, and management. In this chapter, we describe three cases to high-
light key issues in the pathophysiology and diagnosis of GHD in the elderly and
consider the risks and benefits of GH replacement.

A. Labadzhyan (D<) - S. Melmed

Division of Endocrinology, Diabetes, and Metabolism, Cedars-Sinai Medical Center,
Los Angeles, CA, USA

e-mail: Artak.Labadzhyan@cshs.org; Melmed @csmc.edu

© Springer Nature Switzerland AG 2022 385
S. L. Samson, A. G. Ioachimescu (eds.), Pituitary Disorders throughout the Life
Cycle, https://doi.org/10.1007/978-3-030-99918-6_31


mailto:Artak.Labadzhyan@cshs.org
mailto:Melmed@csmc.edu
https://doi.org/10.1007/978-3-030-99918-6_31

386 A. Labadzhyan and S. Melmed

Table 31.1 Causes of growth hormone deficiency in the elderly

Mass lesion Infiltrative/inflammatory | Infarction/injury/ischemia | Functional
Chordoma Abscess Apoplexy Cachexia
Craniopharyngioma | Granulomatosis Cerebrovascular disease Critical illness
Meningioma Hemochromatosis Empty Sella syndrome Glucocorticoids
Metastatic lesion HIV Irradiation Liver failure
Pituicytoma Hypophysitis Subarachnoid hemorrhage | Malnutrition
Pituitary adenoma Meningitis Surgery Obesity
Rathke’s cleft cyst Traumatic brain injury

HIV human immunodeficiency virus. Data from Ref [2]

Case #1

Presentation

A 67-year-old male was involved in a motor vehicle accident at age 59, which
resulted in traumatic brain injury (TBI). While hospitalized, he developed signifi-
cant polyuria with low urine osmolality, and desmopressin was initiated for a pre-
sumed diagnosis of diabetes insipidus; it was later confirmed after an outpatient
modified water deprivation test. On follow-up, he complained of fatigue and
decreased general sense of well-being. Cosyntropin stimulation test showed normal
peak cortisol levels, and thyroid function tests revealed central hypothyroidism. The
free thyroid hormone level was normalized with thyroxine replacement, but symp-
toms of fatigue and depressed mood persisted.

Evaluation of the GH axis revealed low baseline GH and IGF-1 levels and a peak
GH level of 1.8 ng/mL on subsequent glucagon stimulation testing. The patient was
started on GH replacement, with dosage titrated based on symptoms and aimed to
achieve normal serum IGF-1 levels. He reported symptom improvement shortly
after starting daily injections and significant improvement in self-reported QoL.

Discussion

Hypopituitarism following TBI is a common finding, with a reported incidence of
up to 20-70%, and a higher prevalence in the acute setting [5]. GHD is the most
common pituitary deficiency following TBI, with a reported incidence of up to
10-45%, leading to associated symptoms of fatigue, depressed mood, decreased
QoL, and metabolic alterations [6—8]. The prevalence of GHD in TBI is influenced
by the diagnostic method, which underscores the importance of using validated and
standardized methods of testing [9].

Each of the available provocative or dynamic tests for diagnosis of GHD
(Fig. 31.1) has its benefits and drawbacks [2]. The insulin tolerance test (ITT) is the
reference standard for accuracy of diagnosis but may pose a greater risk of adverse
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[ Glucagon Stimulation Test ] [ Macimorelin ] { Insulin Tolerance Test ]

Weight-based dose

Normal
response
Peak GH Normal BMI
> 3 pg/L Peak GH

<3 pg/L

Oral dose IV insulin injection|
Normal Normal
[response} [ (Eirl ] [response} [ GLD ]

Peak GH Peak GH Peak GH Peak GH
>2.8 pg/L <2.8 pg/L > 5 pg/L <5 pg/L

BMI > 30
Peak GH

<1 pg/L

Fig. 31.1 Provocative testing for diagnosis of growth hormone deficiency. BMI body mass index,
GH growth hormone, GHD growth hormone deficiency, IV intravenous. (Data from Refs. [10-12])

events for elderly patients [2]. The glucagon stimulation test is safe, accurate, and
readily available but requires attention to glucagon dose and patient weight and
body mass index, all of which can influence accuracy of results [10]. The orally
active ghrelin agonist macimorelin, approved in 2017, has a 92% sensitivity and
96% specificity as a diagnostic test for GHD [11] and has been proposed as a more
convenient alternative to the ITT [12]. Given the nuances of diagnostic testing for
GHD, assessment at Pituitary Tumor Centers of Excellence is recommended [13].

The recommended treatment dose for adults with GHD is guided by IGF-1 lev-
els; it is not weight-based as in children [12]. Side effects of recombinant human
GH (rhGH) include peripheral edema, arthralgia, and paresthesia, which may be
avoided with careful dose titration and close follow-up [14]. Note that in patients
with multiple hormone deficiencies, such as in TBI, GH replacement can increase
metabolism of corticosteroids or thyroxine and lead to increased corticosteroid and
thyroxine dose requirements [15].

The significant improvement in symptoms reported by this patient is consistent
with expected outcomes. GHD due to TBI may present with more pronounced
symptoms compared to other etiologies of GHD, and treatment is expected to lead
to long-term improvements in QoL, mood, and cognition [16-19].

Case #2

Presentation

A 73-year-old male presented to the emergency department with a sudden onset
headache, nausea, and vomiting shortly after eating dinner. Symptoms progressed to
include right eye ptosis and blurry vision. He had no known medical problems and
did not take any medications or supplements. Notable laboratory findings included
a serum sodium level of 126 mmol/L (normal, 135-145) and hormonal profile con-
sistent with panhypopituitarism. The patient was started on intravenous dexametha-
sone, and brain MRI revealed a 2.5-cm pituitary mass with heterogeneous
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post-contrast enhancement. He underwent endoscopic endonasal transsphenoidal
removal of the mass, which was diagnosed as non-functioning pituitary adenoma
(NFPA) of gonadotroph origin on pathology.

GH and IGF-1 levels were 0.1 pg/L (normal, <10 pg/L) and 32 pg/L (normal,
34-245 pg/L), respectively, which remained nearly unchanged 6 weeks after tumor
resection. Dual-energy x-ray absorptiometry showed a lumbar T-score of —1.9 and
osteoporosis of the femoral neck with a T-score of —3.5. He was treated for panhy-
popituitarism with thyroxine, hydrocortisone, and testosterone, but he reported no
reduction in QoL and opted to not start GH replacement.

Discussion

Somatotroph cells comprise the majority of anterior pituitary cells and are com-
monly compressed or compromised by sellar masses of any origin, leading to GHD
[20]. Pituitary apoplexy, most frequently occurring in the presence of NFPA, leads
to some degree of hypopituitarism, and particularly GHD, in nearly all patients [21].
Low GH and IGF-1 levels and the presence of three or more pituitary hormone
deficiencies are indicative of GHD [22].

A concern faced by physicians and patients when starting GH replacement is the
effect on pituitary adenoma recurrence or progression. Retrospective studies show
that GH replacement in patients with a history of pituitary adenoma is not associ-
ated with adenoma progression or recurrence [23-28]. Rather, the risk for recur-
rence or progression is based on tumor-specific factors such as the extent of residual
tumor, as well as history of radiation therapy [23, 24]. Nevertheless, caution should
be taken when assessing the risks and benefits of GH replacement in patients with
risk factors predicting adenoma recurrence or progression.

One of the most compelling reasons to offer GH treatment in elderly patients is
the potential benefit for improving QoL, lipid profile, and other anthropometric fac-
tors [29-33]. Although patients over age 65 years require a lower dose of GH
replacement, they are more sensitive to its effects and may experience greater
improvement in QoL, more marked reductions in waist/hip ratio, and lower low-
density lipoprotein cholesterol levels [31-33]. However, as the increased risk of
metabolic syndrome, hyperglycemia, diabetes, and cerebrovascular events have
been reported with GH replacement [29, 30, 32, 34, 35], careful assessment for
underlying contributing factors, such as obesity or diabetes, is recommended prior
to initiating GH replacement.

In this case, there was an added potential benefit of GH replacement given the
patient’s low bone mineral density (BMD). In general, patients with GHD are at
increased risk for fractures, and GH replacement has been associated with improved
BMD, bone turnover markers, and lower fracture rates [36—38]. However, the ben-
efit of GH replacement in the setting of severe osteoporosis is yet unclear [37].
Therefore, in patients with GHD and baseline osteoporosis, GH replacement may
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be considered for adjunct treatment, but should not substitute approved pharmaco-
logical management of osteoporosis. In this case, the patient was treated with an
antiresorptive agent for osteoporosis management.

Case #3

Presentation

A 62-year-old female was started on GH treatment after complaining of fatigue,
muscle weakness, and a desire to slow the process of aging. IGF-1 and GH levels
from the time of diagnosis were not available, and the patient did not recall undergo-
ing a dynamic test for GH levels. Brain MRI, which was obtained for other reasons,
showed a normal pituitary gland and no intracranial abnormalities. She did not
report a history of traumatic head injury.

The patient was diagnosed with advanced colon cancer at the age of 77, and GH
treatment was discontinued. She subsequently reported progressively worsening
fatigue and a decreased sense of well-being. However, GH and IGF-1 levels
remained normal, and glucagon stimulation testing showed a peak GH >5 ng/mL
(normal, >3 pg/L).

Discussion

Despite the evidence for the safety of GH replacement in adults with GHD, the
importance of ensuring an accurate diagnosis of GHD prior to starting treatment
should be emphasized. GH should not be used as an anti-aging elixir, for athletic
performance enhancement, or in the setting of questionable diagnoses such as “idio-
pathic” GHD [39, 40]. If a clear clinical and biochemical deficiency has been estab-
lished with appropriate dynamic testing, a careful and detailed history, exam, and
evaluation is likely to reveal an underlying cause for the GHD, such as a forgotten
history of head trauma [39].

Inappropriate use of GH replacement is likely to lead to supraphysiologic GH
levels, associated with an increased risk of primary or secondary malignancies.
Patients with poorly controlled acromegaly and persistent GH excess have an
increased risk of cancer [41-44], while those with Laron syndrome who harbor
mutated GH receptors do not develop cancer [45]. In vitro and in vivo studies sug-
gest that GH plays a role in epithelial-to-mesenchymal transition, induction of DNA
damage, and tumor vascularity [46], leading to alterations in GH receptor expression
and DNA damage repair mechanisms, induction of tumor suppressor factors, and
establishment of a microenvironment that promotes tumor growth [47-49]. Such
changes have been reported clinically, with high IGF-1 receptor expression in a
patient with metastatic colon cancer who had received human GH for 7 years for
anti-aging [50].
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By contrast, GH replacement in patients with appropriately diagnosed GHD has
not been associated with an increased risk of cancers [51-56], nor is there a demon-
strated increased risk in recurrence of primary tumor, or occurrence of new second-
ary malignancy, in patients with a history of malignancy that is cured or in remission
[51]. There is a suggestion of reduced overall mortality and risk of cancer in adults
with GHD appropriately replaced with GH, although such findings should be inter-
preted with caution given limitations in study design [54, 55]. Inherent limitations
of retrospective analyses of cancer risk include duration of treatment follow-up,
relatively smaller proportion of patients who are elderly, and often poor accounting
for other factors that contribute to cancer risk.

In this case, confirmation of GHD with dynamic testing would have raised ethi-
cal questions about the best therapeutic approach, including how GH replacement
would affect the risk of cancer progression or cancer treatment response. There are
no studies of outcomes with GH replacement in patients with active malignancies.
An essential component of cancer management also involves management of symp-
toms, well-being, and consideration for palliative care. Therefore, for a patient who
has exhausted cancer treatment options and whose focus has shifted mainly to pal-
liative care, the decision to start GH treatment may be part of the discussion.
However, this is a decision that would require a multidisciplinary approach and a
careful assessment of the patient’s desires and goals of care.

Summary

GHD can have many possible underlying etiologies and is most commonly encoun-
tered in patients with pituitary and sellar lesions, TBI, or other causes of pituitary
damage. Clinical features include decreased QoL, impaired lipid profile, decreased
BMD, and impaired body composition, all of which are more pronounced in the
elderly population. Diagnosis relies on provocative testing to stimulate GH, and the
choice of test in the elderly population should carefully balance accuracy with the
risk for adverse events. GH replacement is based on patient-centric goals of care
and guided by symptoms and IGF-1 levels, and priority is given to achieving results
with the lowest dose possible. Although GH replacement is safe in elderly patients
with an accurate GHD diagnosis, care should be taken to avoid misdiagnosis of
GHD as well as over-replacement of GH, as inappropriate use has deleterious
consequences.
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