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Preface

“Wherever the art of Medicine is loved, there is also a love of
Humanity.”

—Hippocrates

Whether you are an expert on pituitary disorders, a student learn-
ing for the first time about this remarkable gland, or a physician or
investigator who seeks a nuanced approach to the diagnosis and
management of pituitary tumors, this casebook is for you. This is
a collection of cases and their management, which aims to expand
an understanding of pituitary tumors through the stories that unfold
here of specific real life patient journeys, told by the clinician
experts who cared for them.

The pituitary is a small pea-sized gland, but a powerful one which
secretes hormones that control multiple endocrine axes: including
the thyroid, reproductive, adrenal, and growth hormone axes.
Hormone excess syndromes occur from functioning tumors which
include acromegaly, gigantism, Cushing’s disease, and prolactino-
mas. Hormone deficiencies can be caused by larger pituitary tumors,
both functioning and nonfunctioning, that cause mass effect which
may impair normal function of the anterior pituitary. All of these
syndromes are described in case-based chapters, including at least
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one case of each type of tumor with a focus on the individual patient
as an example of key points in diagnosis and management.

Many thanks to the authors who contributed chapters, as well as
to the patients who shared their cases.

Boston, MA, USA Lisa B. Nachtigall
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Chapter 1

Macroprolactinoma: Diagnosis
and Management in a Patient
with Infertility

Souad Enakuaa and Lisa B. Nachtigall

Case Presentation

A 31-year-old female presented with secondary amenorrhea and
infertility. Prior medical history was unremarkable except for
delayed puberty. Her growth curve reportedly showed a low but
constant height percentile. She had the onset of menarche at the
age of 16 years. Her menstrual cycles had been consistently irregu-
lar since their onset, with periods every 1-3 months. She received
oral contraceptives for a few years before discontinuing their use
1 year ago. She reported taking no medications upon her initial
consultation with neuroendocrine.

On physical examination, her weight was 110 1b, height was
5 ft, blood pressure was 90/60, and heart rate was 64. The exam
was notable for galactorrhea. Visual fields were normal. She had
no evidence of Cushing’s or acromegaly.

Initial hormonal analysis showed serum prolactin (diluted)
level of 1048 ng/dL (normal range 5-20). FSH was 2.7 U/L, LH
was 4.7 U/L, and estradiol level was low. Insulin-like growth fac-
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tor 1 (IGF-1), free T4, and TSH were normal. HCG Quant was
<6 IU/L. Her Cortrosyn stimulation test was normal with a stimu-
lated peak cortisol level of 21.5 pg/dL (normal > 18). Pituitary
magnetic resonance image (MRI) showed 1.4 cm macroadenoma
without significant local invasion. Bone density was normal.

My Management

— Initiated dopamine agonist therapy with cabergoline 0.5 mg
orally weekly. After 3 months of cabergoline treatment, prolac-
tin level was 23.2 ng/dL (0-20).

— Cabergoline dose was increased to 0.75 mg weekly. (The
increase in dose was an effort to suppress tumor and also restore
prolactin level to within the normal range, as to allow for return
of menstrual cycle.)

— Three months later, progesterone level confirmed spontaneous
ovulatory cycle.

— At 6 months follow-up, she reported the return of regular
menstrual cycles while on 0.75 mg weekly of cabergoline
with a prolactin level of 13 ng/dL, and MRI showed decrease
in tumor size from 1.5 to 1 cm, with a question of an area of
hemorrhage within the tumor.

— She was then referred to a neurosurgeon who suggested obser-
vation with close follow-up by MRI.

— After 10 months of cabergoline therapy (4 months after the
prior MRI), her MRI was stable.

— After 18 months on cabergoline, she spontaneously conceived,
and cabergoline was discontinued.

— She continued to follow up during pregnancy with observation
of symptoms and exam including a neuro-ophthalmology exam
with visual field testing every trimester.

— Three months postpartum prolactin level was 563 ng/dL. She
opted to bottle-feed, but the amenorrhea persisted.
Cabergoline was restarted and titrated to achieve a normal pro-
lactin level and return of regular menstrual cycles.
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Assessment and Diagnosis

This patient presented with secondary amenorrhea and infertility,
which are typical features of a prolactinoma. Primary amenorrhea
and delayed puberty can be the initial presentation of this disease.
Interestingly, she had delayed menarche and oligomenorrhea but
had not undergone a pituitary evaluation until many years later
when she presented with infertility. She is representative of cases
in which the diagnosis of hyperprolactinemia is delayed and only
discovered many years after a late puberty or late menarche [1].
Her late puberty may well have been due to hyperprolactinemia.

Detailed history of medications is important, as many commonly
used drugs can cause hyperprolactinemia [2]. Metoclopramide, anti-
psychotics, antidepressants, antihypertensives, and opiates among
many other pharmacological agents all may increase prolactin lev-
els. Metoclopramide, haloperidol, risperidone, and phenothiazines
may be associated with particularly elevated prolactin levels. Illicit
drug use is another important history element because of the asso-
ciation of cocaine and heroin with hyperprolactinemia [3, 4].

Galactorrhea is present in less than half of patients with prolac-
tinomas [5]. While in this case, her visual field exam was normal,
it is important to evaluate visual field exams in any patient who has
a lesion that extends to the suprasellar area and contacts or invades
the optic chiasm.

There are many physiological causes of hyperprolactinemia
including pregnancy, lactation, nipple stimulation, post-coitus
state, and exercise. Pathological factors such as hypothyroidism,
liver disease, renal failure, and seizure can also increase the pro-
lactin level. Prolactinoma may co-secrete growth hormone.
Therefore, IGF-1 should be evaluated to screen for acromegaly,
particularly if there is clinical evidence of the disease. Typically
prolactin levels greater than 250 ng/dL are associated with the
presence of a prolactinoma [6]. A prolactin level above 500 ng/dL
confirms prolactinoma as the diagnosis [7].

Our patient’s initial level was above 1000 ng/dL, confirming the
diagnosis of prolactinoma definitively. Pregnancy test and other
hormonal assays of FSH, LH, TSH, and IGF-1 were normal. It is
notable that rare cases of extremely high levels of prolactin can
cause a false-negative assay result due to the “hook effect.” In
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immunoassays, hook effect may occur when the amount of prolac-
tin is so high that it impairs binding to antibody, causing falsely
low results. To avoid the hook effect, the sample should be diluted
with the patient’s serum [8].

After confirming hyperprolactinemia and excluding other causes,
imaging of the pituitary gland with an MRI is the next step.
Prolactinomas are classified as either microprolactinoma (less than
1 cm) or a macroprolactinoma (greater than or equal to 1 cm). MRI
is important for assessment of tumor size and to evaluate for mass
effect on surrounding tissues. Ongoing imaging of the tumor is
required in addition to biochemical testing to assess response to ther-
apy. The presence of a macroadenoma on the MRI was expected in
our patient given the severity of hyperprolactinemia, since an asso-
ciation between the degree of hyperprolactinemia and tumor size has
been reported [9]. However, there are cases in which there can be
discrepancy between the hormone levels and tumor size.

Management

Once the diagnosis is established, goals of therapy should be set.
In women, the goals are usually to restore menstrual cycle in
reproductive age women and fertility in those who desire it. For
women who are not trying to conceive, therapy should aim to
avoid complications on bone health (which results from low estro-
gen levels, due to the suppression of gonadotropin-releasing hor-
mone caused by hyperprolactinemia) [10] and to suppress tumor
growth in order to prevent mass effects. Dopamine agonists (DAs)
are the first line of therapy for prolactinomas [11]. DAs bind to
dopamine receptors on lactotroph cells leading to decrease prolac-
tin synthesis and reduction of tumor size [12, 13]. The currently
available FDA-approved dopamine agonists in the USA that are
used to treat hyperprolactinemia include bromocriptine and caber-
goline. Both are effective in treating prolactinomas with a slight
efficacy advantage of cabergoline [14, 15], which also has been
associated with fewer side effects [15]. We typically suggest that
the patients use or switch to bromocriptine prepregnancy since
more data is available on its safety during pregnancy [5]. This
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patient preferred to stay on cabergoline since she tolerated it well
and was concerned about having side effects if she switched drugs.
Surgery is another modality of treatment for macroprolactinoma.
Surgical removal is not usually the first line of therapy but could be
considered if there is optic chiasm compression affecting the visual
field, bleeding within the tumor, or if the patient has a contraindica-
tion to use DAs, such as psychosis [16]. Surgery may also be appro-
priate if medical therapy fails and is not tolerable, if the tumor grows
on medical therapy, or if a woman wants to conceive soon and has a
large tumor [17]. Radiotherapy is reserved for prolactinomas that
continue to grow after surgery, inoperable tumors, or patients who
have failed to respond or tolerate medical therapy. Single-dose
radiosurgery can be used in select cases of prolactinoma but is con-
traindicated if tumors are very large or approach the chiasm. In these
cases, the risk of visual field loss is high with single-dose radio-
therapy, and fractionated radiotherapy would be required [18].

Outcome

The patient had a normal prolactin within 3 months of starting a
low dose of cabergoline. This illustrated her dramatic response to
this dopamine agonist with normalization of her prolactin level
within a short period of time.

The return of spontaneous menstrual cycles occurred within weeks
after she obtained a normal prolactin level, which is not uncommon
[19], and was ultimately associated with spontaneous conception at
18 months after the initiation of dopamine agonist therapy. The time
to obtaining fertility after correction of hyperprolactinemia is variable.
Studies have shown that fertility can be restored within the first cycle
after correction of high prolactin in some women but may take as long
as 2 years [19] especially if there are other factors contributing to
infertility. In this case, the patient’s low weight when she first pre-
sented (BMI < 20) may have had a role in her infertility. It was after
she had gained some weight that she ultimately conceived.

The patient developed the finding on MRI of a pre-contrast T1
bright spot, consistent with a possible area of hemorrhage, after
the initiation of the dopamine agonist. While in this case, this was
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self-limited and follow-up imaging confirmed stability, a neuro-
surgical referral was obtained to entertain the possibility of surgi-
cal intervention if necessary.

Bleeding of the tumor is not an infrequent occurrence, especially in
macroprolactinomas [20]. The bleeding can present as an emergency,
as in the case of pituitary apoplexy. However, some degree of bleeding
may be asymptomatic and resolves spontaneously [21]. Dopamine
agonists are recognized as one of the precipitating factors of tumor
hemorrhage and pituitary apoplexy [22]. Although this does not usu-
ally occur, most prolactinomas remain stable during pregnancy [23],
but macroprolactinomas are more likely than microprolactinomas to
grow during gestation [23]. Safety of DAs during pregnancy is not
completely known, and thus both cabergoline and bromocriptine are
class B medications, as designated by the FDA. However, observa-
tional data of fetal exposure either in the first trimester or throughout
pregnancy to both bromocriptine and cabergoline did not show any
significant harm [5]. Recommended management is stopping the
dopamine agonist as soon as the pregnancy is known. Follow-up of
the tumor size should be performed by relevant symptom review and
visual field examination in every trimester. Prolactin level is not mean-
ingful during pregnancy because hyperprolactinemia is physiological
and expected during pregnancy. If there is any change in the symp-
toms suggestive of tumor enlargement, official visual field evaluation
and non-contrast MRI should be obtained. Our patient had normal
visual fields throughout her pregnancy. Postpartum her prolactin lev-
els remained elevated despite the fact that she was not nursing and her
menstrual periods did not resume. For that reason, the cabergoline was
restarted postpartum and again associated with return of regular cycles
and normalization of prolactin, and she had ongoing improvement
with decrease in pituitary tumor size.

Clinical Pearls and Pitfalls

e Delayed puberty may be a sign of hyperprolactinemia.

e Prolactin level should be evaluated in women with absent
or irregular menses prior to initiating birth control pills.

e When prolactin level is very high, diluted prolactin should be
obtained to avoid the hook effect if an immunoassay is used.

* Even though her prolactin level normalized within 3 months
of therapy with a dopamine agonist, her persistence of a
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macroadenoma remained. This illustrates the importance of
following both the biochemical parameters and the imaging
in patients with macroprolactinomas who were treated
medically.

e While the prolactin trend will typically mirror the tumor
size response, they are not always completely linked [24].

* One of the consequences of a dopamine agonist in patients
with a prolactinoma can include hemorrhage into the
tumor. This requires close follow-up with imaging and
neurosurgical consultation as well as evaluation of ante-
rior pituitary function, particularly if symptoms of apo-
plexy are present.

e Lactotroph hyperplasia can occur during normal preg-
nancy, and in patients with macroprolactinoma, enlarge-
ment during pregnancy is a concern, as the risk of growth
is much greater than that of microprolactinoma [23].
Therefore, visual field tests were done each trimester and
are important in the management of patients with macro-
prolactinomas during pregnancy.
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Chapter 2

Macroprolactinoma:
Alternatives to Dopamine
Agonist Therapy for Treatment
of Macroprolactinomas

in Patients Who Present

with Psychotic Symptoms

Suman Srinivasa

Case Presentation

This is a 22-year-old male with no significant past medical history
who presented with progressive vision loss for 3 months. Formal
visual field testing was obtained through the patient’s ophthalmol-
ogist, which demonstrated a bitemporal hemianopsia. A pituitary
MRI was ordered, which revealed a sellar and suprasellar mass
measuring 42 x 30 x 38 mm in size with compression of the optic
chiasm and invasion of the right cavernous sinus. The patient
denied any complaints of headache. Biochemical testing was sig-
nificant for elevated prolactin of 4064 ng/mL and a low free T4
(FT4) of 0.8 ng/dL. The patient was exonerated of adrenal insuf-
ficiency through cosyntropin stimulation testing. The remainder of
his pituitary function was unremarkable, and there was no evi-
dence of cosecretion. The patient was started on cabergoline
0.5 mg daily for a presumed macroprolactinoma. A relatively
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higher dose was initiated given the urgency to preserve visual
function. A prolactin and pituitary MRI were reevaluated after
2 weeks. The prolactin level was significantly reduced to 657 ng/
mL. Repeat MRI showed a decrease in size of the macroprolacti-
noma now measuring 30 X 27 x 33 mm in size with decompression
of the optic chiasm. The patient’s cabergoline dose was reduced to
0.5 mg twice weekly, as the proximity of the tumor to the optic
chiasm became less concerning. He continued to demonstrate a
good biochemical and tumor response. After 1 month of medical
therapy, the prolactin level was 25 ng/mL. Normalization of the
prolactin was later achieved by 8 months, but imaging of the pitu-
itary was notable for stable residual tumor. Two years following a
stable dose of cabergoline, the patient reported new-onset auditory
hallucinations, delusions, and excessive anxiety, which profoundly
impaired his social and professional interactions.

My Management Options

(a) Start antipsychotic medications, and continue to treat the mac-
roprolactinoma with cabergoline.

(b) Discontinue the cabergoline and refer to neurosurgery to remove
the residual tumor.

(c) Discontinue the cabergoline and refer to radiation oncology
for radiation therapy.

Assessment and Diagnosis

Prolactin is regulated primarily through dopamine via negative
feedback. Dopamine is secreted from neurons of the arcuate nucleus
in the tuberoinfundibular pathway and has an inhibitory effect on
prolactin synthesis and secretion by binding to dopamine D2 recep-
tors found on lactotrophs in the anterior pituitary gland [1]. In con-
trast, thyrotropin-releasing hormone has a smaller contribution to
regulating prolactin through stimulation of prolactin release [2].
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Based on this physiology, dopamine agonists are the treatment
of choice to reduce prolactin levels and lactotroph hyperplasia.
Cabergoline is an ergot derivative which demonstrates good effi-
cacy for treatment of prolactinomas due to its high binding affinity
for dopamine D2 receptors. Cabergoline is often preferred to bro-
mocriptine for managing prolactinomas due to superior efficacy
[3] probably due to greater selectivity for the dopamine D2 recep-
tor, longer half-life, and better tolerated side effects, such as nau-
sea and orthostasis.

An additional concern with the use of dopamine agonists for
prolactinomas is the development of psychotic symptoms [4].
Based on the elimination half-life of cabergoline, systemic levels of
the medication may be present for a few weeks. A single dose of
cabergoline can have lasting effects on the prolactin for 21 days [5].
Cases of psychosis have been reported with use of cabergoline and
bromocriptine for treatment of prolactinomas [6, 7]. Some reports
have suggested that psychotic symptoms decrease after withdrawal
of the dopamine agonist. Currently, there are no data to suggest dif-
ferential effects on the severity of psychotic symptoms between
cabergoline and bromocriptine based on varying pharmacokinetic
profiles, and both medications should be used with caution, in con-
sultation with psychiatry, or avoided, if psychosis is suspected.

A clear dose-dependent relationship between cabergoline use
and psychotic symptoms remains unknown. Higher doses of caber-
goline are used to treat Parkinson’s disease, and cases of psychosis
are similarly reported in these patients [8]. Regardless of the dose,
symptoms of psychosis need to be monitored cautiously. Lowering
the dose of cabergoline may be a plausible strategy. However,
cases of psychosis have been reported on low doses of dopamine
agonists [9], and there are no safety data related to psychosis to
support this management and is not generally advised. In addition,
there are reports of persistent psychiatric decompensation despite
the addition of an antipsychotic drug to a dopamine agonist, and
therefore, concomitant use of the two agents is not typically rec-
ommended for management of a prolactinoma as well [10, 11].
The risks of psychiatric decompensation may outweigh the poten-
tial risks of a prolactinoma, as there are alternative approaches for
safely managing prolactinomas.
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While there is no clear mechanism for psychosis, dopamine
hypersensitivity is hypothesized to play a key role. In this regard,
dopamine antagonists are commonly used to treat antipsychotic
disorders and demonstrate efficacy in psychosis by blocking the
dopamine receptors in the mesolimbic pathway. Common symp-
toms of psychotic disorders include delusions and hallucinations
as well as loss of emotion, speech, or motivation. Through their
mechanism of action to block dopamine D2 receptors, dopamine
antagonist use can result in unwanted side effects, such as medica-
tion-induced hyperprolactinemia by blocking the tonic inhibition
of prolactin, thereby leading to increased prolactin levels. In addi-
tion, other classes of psychiatric medications, such as SSRIs, may
also have unintended consequences of hyperprolactinemia [12].

While in this scenario, cabergoline was initiated first to treat a
macroprolactinoma, prior reports exploring the commencement of
cabergoline following antipsychotic therapy for medication-
induced hyperprolactinemia are important to understand the inter-
action between these two classes of medications. Some reports had
suggested that dopamine agonists, such as cabergoline, could be
safely administered to treat medication-induced hyperprolac-
tinemia secondary to antipsychotic use [13, 14]. However, in light
of new evidence to suggest that dopamine agonists have the poten-
tial to exacerbate psychosis, this management is not recommended.
While limited data are available evaluating the causal relationship
between cabergoline and psychiatric disease, case reports suggest
a significant and worrisome association is present [15-17].
Moreover, additional links of dopamine agonists to heightened
impulsivity [18, 19] and mania [17, 20] in patients treated for pro-
lactinomas have also been described in the literature.

Management

Surgical intervention with a transsphenoidal resection even
performed by the most experienced neurosurgeon is less likely
to result in long-term biochemical remission and control of
tumor growth [21-25] when compared to medical therapy for



2 Macroprolactinoma: Alternatives to Dopamine... 13

prolactin-secreting tumors. Therefore, first-line treatment for a
macroprolactinoma is dopamine agonist therapy. Alternatives to
medical therapy may be warranted under special clinical circum-
stances, such as intolerance to dopamine agonist therapy, abso-
lute or relative contraindication to dopamine agonist therapy, or
poor response (either by biochemical or tumor measures) to
dopamine agonist therapy. In this case, this patient was consid-
ered to have a contraindication to dopamine agonists based on
the exacerbation of his psychosis. While surgical management
could be offered as the next step, there were other considerations
unique to this case, such as the patient’s age and aggressive
nature of the tumor. The early onset of his disease presentation
and characteristics of tumor aggressiveness (cavernous sinus
invasion) increase the probability for potential recurrence that
may require additional long-term treatment.

More definitive treatment with radiation should be considered
when disease chronicity or aggressive features are a concern.
Long-term consequences of radiation therapy should be discussed
with the patient, the most common of which is hypopituitarism.
The development of a secondary malignancy or neurologic symp-
toms, such as optic neuropathy and stroke are less common.
Hypopituitarism can be managed with hormone replacement, and
the usual onset does not occur on average until many years from
treatment [26].

As approximately 90% of prolactinomas respond to dopamine
agonist therapy, few cases require use of surgery or radiation. In
this regard, data on the efficacy of transsphenoidal resection and
radiation therapy is limited. One retrospective study following sur-
gical intervention for prolactinoma reported an initial remission
rate of 53%, which later declined to 43%, and the overall recur-
rence rate was 19% [27]. Other prospective studies demonstrate
similar recurrence rates [21]. Data also show that prolactin-secret-
ing macroadenomas and invasive adenomas tend to have reduced
rates of remission and complete eradication of tumor [22, 28] when
compared to microprolactinomas. Certainly, surgical intervention
may be an option in situations where debulking is necessary or to
facilitate adjunctive radiation [29]. In a series of 128 patients fol-
lowed after receiving gamma knife radiation, 67 cases achieved
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clinical cure. Most patients demonstrated tumor control, but about
1/3 of patients followed for over 2 years still had evidence of hyper-
prolactinemia [30]. Another center’s experience with radiation
similarly showed good tumor control and less frequent biochemical
control among prolactinomas treated with radiation and followed
up to a median of 6 years [31]. More recent data on proton therapy
demonstrated that about 98% of all adenomas respond to treatment;
however, two of three patients that had radiographic progression
were prolactin-secreting adenomas. Biochemical remission was
achieved in 38% of the prolactinoma cases by 5 years, a rate much
lower than the other subtypes of adenomas [32]. Overall, response
to radiation for prolactinomas tends to be less frequent and delayed
when compared to other adenomas.

In addition, treatment of the underlying psychiatric disease
should be pursued in consultation with the psychiatrist. Elevated
prolactin levels are present in over 70% of patients on risperidone
[33, 34] and may be elevated to a lesser extent in other atypical
antipsychotics, such as olanzapine and clozapine. As clozapine has
a weak binding affinity to the dopamine D2 receptor, hyperprolac-
tinemia is rare [35], but its use may be limited by considerable side
effects. Using an antipsychotic agent which tends to have fewer
effects on the prolactin may be preferred, but ultimately the patient
should be treated as necessary to stabilize the psychosis.

Aripiprazole is an ideal choice to dually manage psychosis and
hyperprolactinemia if tolerated by the patient [34, 36] and adminis-
tered in consultation with the managing psychiatrist. Aripiprazole’s
mechanism of action as a partial dopamine agonist gives it the
advantage to treat psychotic symptoms while lowering prolactin
levels [37, 38]. Further investigation into aripiprazole’s effect on
tumor size is needed, but isolated case reports suggest a beneficial
reduction in prolactinoma size [39].

Outcome

Indeed, this case demonstrates the initial efficacy of cabergoline,
as there was a rapid response in the prolactin level and tumor size.
The patient’s clinical course was interrupted by serious psychiatric
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complaints, which prompted the immediate discontinuation of
cabergoline. He was referred to psychiatry and was newly diag-
nosed with psychosis. The exacerbation of his psychotic symp-
toms had a significant impact on his life, leading to social isolation
and a temporary leave of absence from his career. Upon further
questioning, the patient expressed that mild anxiety and paranoia
existed in the years prior to diagnosis of his macroprolactinoma.
He was able to manage his symptoms conservatively through cop-
ing strategies and, therefore, never brought these symptoms to the
attention of his care providers, as may be a common scenario in
high-functioning individuals.

Following discontinuation of the cabergoline, the prolactin
level rose to 838 ng/dL. In addition, the prolactin rose further to
992 ng/dL after olanzapine, an atypical antipsychotic and dopa-
mine antagonist, was initiated to treat his auditory hallucinations
and delusions. Aripiprazole was considered to manage the psy-
chotic symptoms, but he did not tolerate this well. Olanzapine was
continued to provide optimal psychiatric benefit. He was simulta-
neously referred to radiation oncology for further management of
the macroprolactinoma.

The patient was advised to undergo fractionated radiation,
which was tolerated well. Pituitary MRI at 6-, 12-, and 24-months
postradiation demonstrated stability of the tumor. Two years fol-
lowing radiation, the prolactin level had decreased by half to
428 ng/dL, while the patient actively remained on a dopamine
antagonist for his psychiatric illness. Overall, his social and pro-
fessional impairment had been slowly improving with titration of
his dopamine antagonist treatment.

The patient subsequently developed fatigue and decreased libido.
A morning testosterone level was 19 ng/dL, which was consistent
with male hypogonadism. The hypogonadism probably developed
after prolactin levels rose due to withdrawal of cabergoline therapy.
In males, hypogonadism may be the initial presenting symptoms in
cases of hyperprolactinemia [40]. Hyperprolactinemia contributes
to hypogonadism through suppressive effects on gonadotrophin-
releasing hormone. Testosterone replacement was started. A normal
testosterone level was achieved (336 ng/dL) despite ongoing bio-
chemical evidence of hyperprolactinemia, and symptoms related to
hypogonadism eventually resolved.
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Clinical Pearls and Pitfalls

e Prior to starting a dopamine agonist, physicians should
screen patients for psychiatric disease. When a psychiat-
ric disorder is suspected, referral to a psychiatrist is rec-
ommended to determine if starting a dopamine agonist is
clinically feasible. Use of a dopamine agonist is not rec-
ommended in psychotic patients and may have detrimen-
tal effects on social and professional functioning.

e Dopamine agonists can unmask an underlying psychotic
disorder. If an unknown psychiatric condition is exacer-
bated after starting a dopamine agonist, the medication
should be discontinued.

e Antipsychotic agents functioning as dopamine antago-
nists may contribute to medication-induced hyperprolac-
tinemia. Any underlying psychiatric disorder should be
treated as deemed appropriate by the psychiatrist. The
preferred antipsychotic to treat symptoms of psychosis in
the setting of hyperprolactinemia is aripiprazole [41],
which functions as a partial dopamine agonist and may
reduce prolactin levels. Data are lacking as to aripipra-
zole’s effects on tumor growth.

e Surgery and/or radiation therapy can be effective second-
line treatment strategies for macroprolactinomas not
amenable to medical therapy. When there is residual tis-
sue or aggressive features, transsphenoidal resection may
not be entirely effective but can be considered for debulk-
ing, and radiation, either single dose or fractionated, may
be the preferred option.

* In the setting of continued hyperprolactinemia following
radiation, conservative monitoring is sufficient if the
patient does not demonstrate any prolactin-related symp-
toms, as it is expected that tumor growth will stabilize
and prolactin levels will gradually decline with radiation
therapy.

e If patients cannot tolerate dopamine agonists, secondary
symptoms should be treated via alternative methods. For
example, male hypogonadism secondary to hyperpro-
lactinemia can be alternatively treated with testosterone
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replacement, rather than with cabergoline. Female hypo-
gonadism may require oral contraceptive therapy. Long-
standing hypogonadism may have deleterious effects on
quality of life and bone health and should be addressed
[42, 43].
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Chapter 3
Nonfunctioning Pituitary
Adenoma: Management

Melanie Schorr

Case Presentation

A 65-year-old man was referred to the neuroendocrine clinic after
failing a cosyntropin stimulation test and being diagnosed with
central adrenal insufficiency during a hospital admission for
fatigue and hypotension. Pituitary MRI during that admission
demonstrated a 10 mm sellar lesion approaching, but not imping-
ing, on the optic chiasm. His review of symptoms was otherwise
negative, including no headaches, vision changes, low libido, erec-
tile dysfunction, or galactorrhea. His other anterior pituitary hor-
mones included serum TSH 0.54 ulU/mL (0.35-5.5), Free T4
(fT4) 1.29 ng/dL (0.8-1.9), 8 AM total testosterone 258 ng/dL,
IGF-1 66 ng/mL (20-176), and prolactin 9.8 ng/mL (0-15). His
medications included prednisone 5 mg QAM for adrenal insuffi-
ciency and levothyroxine 100 mcg QAM for a prior diagnosis of
primary hypothyroidism. He was referred to a neuro-ophthalmolo-
gist, and visual field and visual acuity testing was normal. Repeat
pituitary MRI in 6 months demonstrated that the mass had
increased in size to 12 mm in the largest dimension, but was not
impinging on the optic chiasm. Pituitary hormone testing, as well
as visual field and visual acuity testing, at that time was stable.
Pituitary MRI another 6 months thereafter demonstrated that the
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sellar lesion was now 14 mm in the largest dimension and close to
impinging on the optic chiasm. Pituitary hormone testing, as well
as visual field and visual acuity testing, was again stable.

My Management

1. Observe for tumor growth with serial MRIs.

2. Refer to neurosurgeon for transsphenoidal surgery.

3. Initiate therapy with stress dose steroids perioperatively, given
adrenal insufficiency.

4. Postoperative monitoring of sodium and anterior pituitary function.

Assessment and Diagnosis

Pituitary adenomas are characterized by their size (microadeno-
mas < 1 cm, macroadenomas > 1 cm) and cell of origin (lactotroph,
somatotroph, corticotroph, gonadotroph, and thyrotroph). Most ade-
nomas (approximately 70%) are functioning tumors that secrete an
excess amount of hormone and cause a clinical syndrome [1]. The
remaining 30% of pituitary adenomas are considered clinically non-
functioning, although 80-90% do produce intact gonadotropins or
their subunits. However, clinical syndromes due to excess gonadotro-
pin secretion are rare because gonadotroph adenomas are usually
poorly differentiated and rarely cause elevated sex steroid levels [2].

Since nonfunctioning pituitary adenomas do not present with a
clinical syndrome of pituitary hormone excess, the presentation
may instead include the following:

1. Neurologic symptoms, such as visual impairment and/or head-
ache. Most commonly this is visual field loss due to the adeno-
ma’s suprasellar extension resulting in optic chiasm compression
and bitemporal hemianopsia. When the optic chiasm is severely
compressed, decreased visual acuity may occur. Compression of
the oculomotor nerve due to cavernous sinus invasion of the
adenoma may result in diplopia. Headaches are a less common
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presentation, but a new excruciating headache with new visual
impairment must raise concern for pituitary apoplexy, which
may be life-threatening due to acute secondary adrenal insuffi-
ciency [3].

2. Pituitary hormone deficiency due to mass effect from the ade-
noma. Symptoms of pituitary hormone deficiency are often
nonspecific and may therefore go undiagnosed for some time.
In a series of patients with nonfunctioning pituitary adenomas,
37-85% of patients had laboratory evidence of at least one pitu-
itary hormone deficiency [4, 5], whereas panhypopituitarism
was noted in 6-29% of patients [6, 7].

3. An incidental sellar mass on an imaging study not performed
for pituitary disease. Given the prevalence of pituitary adeno-
mas on autopsy series (10.6%), this is not an uncommon pre-
sentation of a nonfunctioning pituitary adenoma [8].

In accordance with the Endocrine Society Clinical Practice
Guidelines on Pituitary Incidentalomas, the evaluation of a newly
diagnosed sellar mass >1 cm in size should include a detailed his-
tory and physical exam, a dedicated pituitary MRI, biochemical
evaluation of pituitary hormone excess and deficiency, and visual
field and visual acuity testing if clinically indicated [9]. Visual test-
ing may not be required if the pituitary MRI clearly shows no evi-
dence of optic chiasm or cranial nerve involvement, the patient has
no new visual symptoms, and the patient is being followed closely
by MRI. Although pituitary adenomas are the most common cause
of a sellar mass >1 cm, the differential diagnosis is large and
includes craniopharyngioma, meningioma, metastatic tumors,
Rathke’s cleft cyst, and hypophysitis, which is why a thorough
evaluation is prudent [10]. Biochemical evaluation for pituitary
hormone excess may include serum prolactin, insulin-like growth
factor 1 (IGF-1), TSH and FT4, and 24 hour (24-h) urine free cor-
tisol and/or late-night salivary cortisol. Hyperprolactinemia may
be consequent to pituitary stalk compression by a sellar mass or
due to a pituitary lactotroph adenoma. Hyperprolactinemia sec-
ondary to stalk compression is due to obstruction of normal hypo-
thalamic dopamine inhibition on pituitary lactotroph cells and
typically results in serum prolactin levels <100 ng/mL, which can
be used as a cutoff to help distinguish between a nonfunctioning
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pituitary macroadenoma with stalk compression and a pituitary
lactotroph macroadenoma, the latter of which typically has serum
prolactin levels >100 ng/mL [11]. In patients with pituitary mac-
roadenomas, the laboratory should measure serum prolactin levels
in dilution to ensure that levels are not falsely lowered by a hook
effect in the assay. Biochemical evaluation for pituitary hormone
deficiency may include a serum 8 AM cortisol + cosyntropin stim-
ulation test, IGF-1, TSH and FT4, and LH/FSH/testosterone in
men (or LH/FSH/estradiol in women who are not menstruating
regularly).

Management

The primary indication for more urgent surgical resection of a non-
functioning pituitary adenoma is neurologic symptoms, including
vision impairment. Transsphenoidal surgery may also be consid-
ered in cases of high risk of visual impairment (including a tumor
close to the optic chiasm with plans for pregnancy), clinically sig-
nificant tumor growth, and/or hypopituitarism. Preoperatively,
hormone replacement for hypothyroidism, and especially for adre-
nal insufficiency, must be undertaken if present. Perioperatively,
patients should be treated with stress dose glucocorticoids at the
induction of anesthesia to cover the possibility of adrenal insuffi-
ciency should normal corticotroph cells be damaged during sur-
gery. Postoperatively, monitoring for adrenal insufficiency,
diabetes insipidus, and syndrome of inappropriate antidiuretic hor-
mone (SIADH) is required. Patients should be treated with physi-
ologic glucocorticoid replacement until adrenal insufficiency can
be ruled out with an AM serum cortisol or a cosyntropin stimula-
tion tests 6 weeks postoperatively. Postoperatively, patients should
have their thirst, fluid intake and output, and serum sodium moni-
tored in order to appropriately diagnose and treat diabetes insipi-
dus and SIAD. This is typically done with serial serum sodiums on
several days within the first two weeks after surgery. Patients may
be seen back in clinic for repeat pituitary hormone evaluation
6 weeks postoperatively and repeat pituitary MRI scan 3—6 months
postoperatively. Postoperative visual field and visual acuity testing
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should be scheduled for patients who had evidence of visual
impairment preoperatively.

Transsphenoidal surgery is typically successful in reducing
tumor volume and improving vision and is less successful in
reversing hypopituitarism. One prospective observational cohort
study and multiple retrospective studies have demonstrated resid-
ual tumor volume in 10-36% of patients, improved visual function
in 75-91% of patients, and improved hypopituitarism in 35-50%
of patients [12—14]. Even if there is little or no residual adenoma
on pituitary MRI, the patient should still be monitored with serial
pituitary MRI scans because approximately 20% of adenomas
recur after transsphenoidal surgery [15], although the risk of recur-
rence is lower if there is no radiologic evidence of residual ade-
noma after surgery. If there is significant residual adenoma on
pituitary MRI or progressive adenoma regrowth in the months or
years after surgery, postoperative radiation therapy may be consid-
ered. When administered for adenoma regrowth, conventional
radiation therapy results in 10-year control rates, defined as lack of
clinical or radiologic progression, of approximately 80% [16].
However, patients who receive radiation therapy are at risk of
developing hypopituitarism [17] and thus require long-term bio-
chemical pituitary hormone monitoring. Currently, there are no
approved pharmacologic treatment options for nonfunctioning
pituitary adenomas. However, one historical cohort analysis sug-
gested that dopamine agonist therapy in nonfunctioning pituitary
adnenomas may be associated with decreased risk of tumor
enlargement after transsphenoidal surgery [18]. This is biologi-
cally plausible given that most nonfunctioning pituitary adenomas
express dopamine receptors.

There is insufficient evidence to make a recommendation regard-
ing the primary treatment strategy for asymptomatic nonfunction-
ing pituitary adenomas. For those patients with nonfunctioning
pituitary adenomas who do not undergo surgical resection, inter-
val pituitary MRI imaging and biochemical evaluations should be
performed. For some macroadenomas, pituitary MRI scan and bio-
chemical evaluation for hypopituitarism may be repeated in
6 months and then 12 months thereafter if stability is demonstrated.
For some microadenomas, pituitary MRI scan may be repeated in
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12 months and then 12-24 months later if stability is demonstrated.
Repeat biochemical evaluation for hypopituitarism may not be
required for microadenomas if the patient’s symptoms and MRI do
not change over time. However, limited data are available on the
natural history of nonfunctioning pituitary macroadenomas because
most patients undergo surgery; studies suggest that approximately
40-50% of patients experience adenoma growth and 21-28.5% of
patients eventually require surgery [19, 20].

Outcome

This patient has a nonfunctioning pituitary macroadenoma that was
diagnosed in the setting of pituitary hormone deficiency (central adre-
nal insufficiency). As he did not meet criteria for more urgent trans-
sphenoidal surgery (i.e., neurological symptoms), he was monitored
with serial pituitary MRI scans, visual field and visual acuity test-
ing, and pituitary hormone biochemical evaluation. Over the course
of 12 months, his sellar mass enlarged and came close to impinging
on the optic chiasm. Given the time course of enlargement, the
decision was made between the neurosurgeon, endocrinologist, and
patient to undergo transsphenoidal surgery. The patient received
stress dose glucocorticoids perioperatively. Pathology was consis-
tent with a nonfunctioning pituitary adenoma. Postoperatively, the
patient was discharged on physiologic glucocorticoid replacement
and was monitored for the development of diabetes insipidus and/
or SIADH, neither of which occurred. He will be seen in the neuro-
endocrine clinic for his 6-week postoperative visit.

Clinical Pearls and Pitfalls

e The most common presentations of nonfunctioning pitu-
itary adenomas include neurologic symptoms (such as
visual impairment), pituitary hormone deficiency due to
mass effect from the adenoma, and an incidental sellar
mass on an imaging study.



Nonfunctioning Pituitary Adenoma: Management

In accordance with the Endocrine Society Clinical Practice
Guidelines on Pituitary Incidentalomas, the evaluation of a
newly diagnosed sellar mass >1 cm in size should include
a detailed history and physical exam, a dedicated pituitary
MRI, biochemical evaluation of pituitary hormone excess
and deficiency, and visual field and visual acuity testing if
clinically indicated.

Although pituitary adenomas are the most common cause
of a sellar mass >1 cm, the differential diagnosis is large
and includes craniopharyngioma, meningioma, metastatic
tumors, Rathke’s cleft cyst, and hypophysitis, which is
why a thorough evaluation is prudent.
Hyperprolactinemia may be consequent to pituitary stalk
compression by a sellar mass or due to a prolactinoma. In the
former case, serum prolactin levels are typically <100 ng/
mL, which can be used as a cutoff to help distinguish
between stalk compression and a macroprolactinoma, the
latter of which typically has serum prolactin levels >100 ng/
mL. In patients with macroadenomas, the laboratory should
measure serum prolactin levels in dilution to ensure that lev-
els are not falsely lowered by a hook effect in the assay.
Vision impairment due to optic chiasm compression is a
clearindication for transsphenoidal surgery. Transsphenoidal
surgery may also be considered in cases of high risk of
visual impairment, clinically significant tumor growth, and/
or hypopituitarism.

Transsphenoidal surgery is typically successful in reducing
tumor volume and improving vision and is less success-
ful in reversing hypopituitarism. Even if there is little or
no residual adenoma on pituitary MRI, the patient should
still be monitored for recurrence with serial pituitary MRI
scans. If there is significant residual adenoma on pituitary
MRI or progressive adenoma regrowth after surgery, post-
operative radiation therapy may be considered.
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Chapter 4
Cushing’s Disease: Common
Pitfalls in Diagnosis

Pouneh K. Fazeli

Case Presentation

A 59-year-old woman with a past medical history of hyperten-
sion and type 2 diabetes mellitus presented to her endocrinolo-
gist complaining of a one-year history of a 23 kg weight gain
(current weight, 103.6 kg) and worsening control of her type 2
diabetes mellitus.

On review of systems, the patient noted easy bruising, thinning
hair, and proximal muscle weakness, manifest as discomfort and
difficulty walking up stairs. Her physical exam was notable for
plethora, central obesity, a posterior cervical pad, supraclavicular
fullness, and thinning skin. The endocrinologist ordered a basic
metabolic panel, hemoglobin A1C, and two 24 hour (24-h) urine
collections for free cortisol and creatinine. The laboratory panel
was notable for a blood urea nitrogen (BUN) of 25 mg/dL (normal
range, 8-25), a plasma creatinine of 1.44 (normal range, 0.60—
1.50), and an estimated glomerular filtration rate (¢éGFR) of 37 mL/
min/1.73 m? (normal range, > 60), as well as an elevated hemoglo-
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bin A1C (8%). The two 24-h urine collections for free cortisol
were notably normal [one with a free cortisol level of 29 pg/24 h
(normal range, 4-50), a 24-h urine creatinine level of 1.08 g
(normal range, 0.6-2.5 g/24 h), and a total collection volume of
2000 mL and the second with a 24-h urine free cortisol of 17.5 pg
(normal range, 4-50), 24-h urine creatinine of 1 g (normal range,
0.6-2.5 g/24 h), and urine volume of 1650 mL]. The patient was
referred for further evaluation.

My Management

1. Given the clinical signs and symptoms of Cushing’s, perform
additional tests for Cushing’s.

(a) 1 mg dexamethasone suppression test
(b) Late-night salivary cortisol measurement

2. If additional tests demonstrate hypercortisolemia, check an ACTH
level to localize the source of cortisol production

Assessment and Diagnosis

In 2008, the Endocrine Society published guidelines for establish-
ing the diagnosis of Cushing’s syndrome [1]. Three tests were rec-
ommended for initial testing of individuals suspected of having
Cushing’s syndrome: (1) 24-h urine free cortisol (two measure-
ments), (2) late-night salivary cortisol (two measurements), and
(3) low-dose dexamethasone suppression testing (either the 1 mg
overnight dexamethasone suppression test or the longer 2 mg/day,
48 h dexamethasone suppression test). If the initial testing is sug-
gestive of Cushing’s, the guidelines recommend that a second test
be performed for further confirmation [1]. While each of these
tests has good diagnostic accuracy [2], there are a number of fac-
tors that may contribute to falsely normal or falsely abnormal
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results. Importantly, the decision to screen a patient for Cushing’s
should be carefully considered because certain populations are
more at risk for having false-positive results. For example, approx-
imately 25% of overweight or obese individuals without Cushing’s
may have an abnormal test result using one of the three first-line
tests recommended by the Endocrine Society [3].

Pitfalls in the Use of 24-h Urine Collection
Jor Free Cortisol

A 24-h urine collection for free cortisol is a highly accurate screen-
ing tool for individuals suspected of having Cushing’s syndrome
[2]. Although a 24-h collection can sometimes be cumbersome for
patients, it can be performed as an outpatient and dropped off at a
laboratory making it potentially quite convenient. Importantly, the
possible causes of false-positive and false-negative results should
be considered prior to ordering a 24-h urine collection for free
cortisol as an initial screening test.

False-Negative Results: As in the case above, excretion of cortisol
may be abnormal in individuals with impaired renal function [4].
Importantly, even moderate reductions in renal function can lead
to falsely low cortisol levels in a 24-h urine collection [5], and
therefore this should be considered prior to ordering a 24-h urine
collection for free cortisol and/or when interpreting the results of
such testing. In the patient described above, the low eGFR and the
fact that her 24 h urine creatinine levels were <15 mg/kg/24 h sug-
gest that the results of the 24-h urine free cortisol testing may not
be accurate.

False-Positive Results: Falsely elevated 24-h urine free cortisol
levels may be seen in individuals who drink large amounts of
fluid. A study investigating the effects of high fluid intake on cor-
tisol excretion found that 23 out of 30 subjects had urine free
cortisol levels above the normal range when drinking large
amounts of fluid (mean urine volume: 3800 + 1033 mL per day),
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but only 6 out of 30 of these individuals had abnormal results
when drinking a normal amount of fluid (mean urine volume,
1070 + 376 mL/day) [6]. Therefore, volume of fluid intake should
be taken into consideration when evaluating an elevated 24-h
urine free cortisol value.

Pitfalls in the Use of Late-Night Salivary Cortisol
Levels

Late-night salivary cortisol testing is a convenient and simple way
of screening for hypercortisolemia. Patients can perform the test-
ing at home by providing a saliva sample prior to bedtime (prefer-
ably between 11 pm and midnight). The kits can then be delivered
or mailed back to a laboratory for analysis. While very convenient
and very sensitive at detecting Cushing’s [7, 8], false-positive test
results are not uncommon in a number of populations.

A study of male veterans with a mean age of approximately 60
years demonstrated that false-positive results are common with
increasing age and in those with type 2 diabetes mellitus [9]. In
this group, which did not consist of any patients with known
Cushing’s syndrome, over 40% of patients who were 60 years of
age or older with type 2 diabetes and hypertension had an abnor-
mal late-night salivary cortisol level, suggesting that late-night
salivary cortisol testing may not be a good initial test in this
patient population [9]. This is likely due to the fact that the thresh-
old for a normal value is based on young, healthy individuals [7]
and therefore may be difficult to apply to an older population with
comorbid conditions.

Another group in whom late-night salivary cortisol levels may
be inaccurate is the night-shift worker. Cortisol secretion pat-
terns change when sleep schedules are altered [10] and salivary
cortisol profiles are different in nurses who work the night shift
as compared to day shift workers [11]. Therefore the results of
late-night salivary cortisol tests may be difficult to interpret in
individuals who are night shift workers or in individuals who
have rotating work schedules.
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Pitfalls in the Use of the Low-Dose
Dexamethasone Suppression Test

The low-dose dexamethasone suppression test can be used to test
the suppressibility of the hypothalamic-pituitary-adrenal axis and is
an accurate means of evaluating for hypercortisolemia [2]. The
1 mg dexamethasone suppression test can be performed easily as an
outpatient with the patient taking 1 mg of dexamethasone between
11 pm and 12 am at night and having a serum cortisol level drawn
at 8 am the next morning. A cortisol level of <1.8 pg/dL is the rec-
ommended cutoff which makes the test highly sensitive and there-
fore reduces the likelihood of a false-negative result [1].

Since there are a number of medications which can accelerate
the metabolism of dexamethasone and therefore lead to a false-
positive result, checking a serum dexamethasone level in addition
to a serum cortisol level at 8 am is instrumental in interpreting the
results of testing. Medications that induce cytochrome P450 3A4,
an oxidizing enzyme important for drug metabolism, accelerate
the breakdown of dexamethasone, which may lead to a false-posi-
tive result. These drugs include antiseizure medications such as
phenytoin and carbamazepine [12] as well as the antibiotic
rifampin [13]. Women who are using oral contraceptives also may
have a false-positive result with low-dose dexamethasone suppres-
sion testing because of the estrogen-associated increase in cortisol
binding globulin [14, 15]; therefore the oral contraceptive pill
should be stopped at least 6 weeks before this test is performed.

Management

Given the clinical signs and symptoms of Cushing’s, I opted to per-
form a second test, a 1 mg overnight dexamethasone suppression
test. The patient’s 8 am post-dexamethasone cortisol level was
10.7 pg/dL (normal <1.8 pg/dL), and a dexamethasone level checked
at the time of the 8 am blood draw was appropriate. Two late-night
salivary cortisol levels were subsequently checked and both were
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elevated. An ACTH level was in the normal range (51 pg/mL with
normal range, 6-76), and therefore ACTH-dependent Cushing’s was
diagnosed.

Outcome

A pituitary MRI demonstrated a 6 mm sellar lesion, and inferior
petrosal sinus sampling (IPSS) was performed, given the high preva-
lence rate of pituitary adenomas in the general population (estimated
to be approximately 17%) [16] and the fact that the pituitary lesion
was <1 cm in size. Importantly, the IPSS was performed on a day in
which hypercortisolemia was confirmed (a late-night salivary corti-
sol level from the night before the IPSS was elevated), thus minimiz-
ing the potential for a false-positive result [17]. The IPSS results
were consistent with a central source of ACTH production, and
transsphenoidal surgery was subsequently performed. The pathol-
ogy was notable for a pituitary adenoma with many tumor cells
reactive for ACTH upon immunohistochemical staining.

Clinical Pearls and Pitfalls

» Establishing the diagnosis of Cushing’s can be extremely
challenging.

e The available screening tests for Cushing’s are highly
accurate, but careful consideration must be taken in
choosing which test to perform in a given patient, given
the possibility of a falsely abnormal or a falsely normal
result.

 Individuals with reduced renal function may have falsely
normal 24-h urine free cortisol levels.

e High fluid intake may result in a falsely elevated 24-h
urine free cortisol level.

e A serum dexamethasone level should be checked at the
same time as a cortisol level in patients undergoing dexa-
methasone suppression testing.
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Chapter 5
Management of Cushing’s
Disease

Dariush Jahandideh and Nicholas A. Tritos

Case Presentation

A 24-year-old woman presented to her primary care physician
for evaluation of oligomenorrhea and obesity. Her menses had
started at age 12 years and had been regular on a monthly basis
until 2 years before her presentation. Subsequently, she noted
that menses occurred every 2-3 months with diminished flow.
She gained 40 1b over 2 years despite receiving nutrition counsel-
ing and making efforts to limit her caloric intake. On review of
systems, she reported persistent fatigue, facial rounding, sponta-
neous bruising without trauma, and facial acne. She had been
previously healthy and was taking no medications. She had used
no glucocorticoids, never smoked, and was drinking no alcohol.
She was working as an accountant and had recently married. She
was anxious to start a family soon.

On examination, her blood pressure was abnormally high on
several occasions (150/95-160/98 mmHg). Her weight was 210 1b
with a height of 65 inches (BMI, 34.9 kg/m?). There was facial
rounding, mild plethora, and acne present on examination. There
were 5-6-mm-wide purple striae present on the abdomen and
flanks. Proximal muscle strength was normal.
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Laboratory tests showed normal serum electrolytes, creatinine,
and fasting glucose. Her 24-h urine free cortisol (UFC) was
269 pg/24 h (normal, 3.5-45) and 207 pg/24 h in two different col-
lections (both with normal urine creatinine and volume). Two late-
night salivary cortisol test results were 21.8 nmol/L. (normal,
0.3-4.3) and 8.7 nmol/L, respectively. Plasma corticotropin
(ACTH) level was 68 pg/mL (normal, 4-70). Pituitary magnetic
resonance imaging (MRI) showed a 4 mm sellar hypodensity. She
underwent bilateral inferior petrosal sinus sampling (BIPSS),
which showed a central ACTH gradient (peak central to peripheral
ACTH ratio = 5:1), diagnostic of Cushing’s disease (CD).

She underwent transsphenoidal surgery (TSS) by an experi-
enced pituitary neurosurgeon. Pathology showed a pituitary ade-
noma, which was positive for ACTH on immunostaining.
Postoperatively, her early morning serum cortisol was not low
(15-19 pg/dL), measured on several occasions within the first
postoperative week, and her 24 h UFC also remained elevated
(108142 pg/24 h) on several occasions, indicating that she was
not in remission.

Approximately 8 weeks after the first TSS, she underwent a
second pituitary operation in the hope of achieving remission. No
tumor was found and she remained hypercortisolemic postopera-
tively. Treatment with metyrapone was begun at a dose of 250 mg
by mouth three times daily. However, the patient developed nausea
and dizziness and had to discontinue the medication within 1
week. Treatment with cabergoline was then started at a dose of
0.5 mg by mouth weekly. However, the medication was also
discontinued after 2 weeks because of persistent nausea and dizzi-
ness. She declined radiation therapy to the sella.

Our Management Options

1. Pasireotide

2. Mitotane

3. Bilateral adrenalectomy
4. Mifepristone
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Management of Cushing’s Disease

The first-line treatment of CD is TSS by an experienced pituitary
surgeon, which controls hypercortisolism rapidly and effectively
with a low risk of hypopituitarism following surgery [1].

The outcome of TSS depends on different factors, including sur-
geon’s level of experience, tumor size and extension into adjacent
structures, and recognition of the tumor before surgery on pituitary
MR, intraoperatively, or on pathologic examination [2, 3].

Results of several studies suggest that the success rate of the
first TSS in CD is 70-90% in patients with intrasellar microadeno-
mas who are operated on by experienced pituitary neurosurgeons
[4]. If TSS does not lead to remission of hypercortisolism or if
recurrence occurs (the latter developing in up to 30% of patients
on long-term follow-up), then second-line treatment can be a sec-
ond TSS, especially if the first one was not done by an experienced
pituitary surgeon. After repeat TSS, about 50-70% of CD patients
with recurrent or persistent disease will be in remission [5, 6].

In those patients who have failed TSS or are not surgical candi-
dates, a reasonable next option is radiation therapy to the sella.
Based on reports from different studies, the success rate of radia-
tion therapy in controlling hypercortisolism is up to 86% of patients.
In addition, tumor growth is controlled in 90-100% of patients [7,
8]. Unlike TSS, it can take a long time (from 6 months to 10 years)
for endocrine remission to occur after radiation therapy. In addi-
tion, this treatment carries a high risk of anterior hypopituitarism.
After radiation therapy, the 5-year cumulative risk of hypopituita-
rism is 30—40%, which likely increases over time [8, 9].

Patients who have received radiation therapy require medical
therapy to control hypercortisolism until radiation therapy takes
effect. There are several medical options that act on different areas
of the hypothalamic-pituitary-adrenal axis, including adrenal ste-
roidogenesis inhibitors, centrally acting agents, and glucocorticoid
receptor antagonists. All medications require careful dose titration
and long-term monitoring to detect and mitigate hypoadrenalism,
which may develop as an extension of their desired effects.

Steroidogenesis inhibitors are effective in controlling cortisol
production by the adrenal glands. As they lower serum cortisol, the
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negative feedback on the hypothalamus and pituitary gland is
attenuated. Thus, after a while there might be an escape from the
effect of the medication.

Ketoconazole is a steroidogenesis inhibitor that acts by blocking
several steroidogenic enzymes and is effective in controlling cortisol
levels in 50-70% of patients. Its adverse effects include gastrointesti-
nal (GI) symptoms, rash, gynecomastia, or potentially serious hepa-
totoxicity. Ketoconazole is preferred over metyrapone in women
[10]. Ketoconazole is FDA category C and is not recommended dur-
ing pregnancy because it often decreases testosterone levels and
could potentially interfere with masculinization of a male fetus.
However, it has been used in a few pregnant women without reports
of fetal harm, despite its potential antiandrogenic effects [11-13].

Metyrapone inhibits 11-beta hydroxylase and controls cortisol
levels in up to 75% of patients. This agent leads to accumulation of
androgenic precursors, which may often cause hirsutism in women.
There are also other possible adverse effects, including GI symp-
toms, rash, dizziness, hypertension, and edema. Metyrapone is the
most frequently used medication during pregnancy [14].
Metyrapone seems generally well tolerated during pregnancy,
although caution is advised with the use of any medication in preg-
nancy [15]. It has not been associated with fetal developmental or
maternal hepatotoxic adverse effects [3].

Mitotane has a significantly slower onset of action compared to
other agents. It inhibits multiple steroidogenic enzymes and is adreno-
lytic in high doses. Mitotane has many possible adverse effects,
including GI and neurologic symptoms. This agent is stored in adi-
pose tissue where it can remain for several years after discontinuation.
Since it can cross the placenta and is teratogenic, it should not be used
in women who are planning to conceive in the next 5 years [16, 17].

The only steroidogenesis inhibitor that is available for intrave-
nous use is etomidate, which causes rapid reduction in serum cor-
tisol levels. This agent may cause excessive sedation [18].
Aminoglutethimide and trilostane are two other steroidogenesis
inhibitors that are no longer available in the USA [4].

Centrally acting agents are another class of medications that can
be used in CD. Cabergoline, a dopamine agonist that is approved by
the FDA for the treatment of hyperprolactinemia, has been reported
to be effective in controlling hypercortisolism in 30-40% of patients
with CD. The effect of cabergoline in these patients is predicated by
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the frequent expression of dopamine 2 receptors in pituitary tumor
cells of patients with CD [19]. The dose range of cabergoline reported
in studies of patients with CD is relatively high (0.5-7 mg per week)
in comparison with the usual doses, ranging between 0.5 and 2.0 mg
per week, used in hyperprolactinemia. Adverse effects may include
nausea, orthostasis, and, less often, headache, constipation, anxiety,
depression, impulsivity, or exacerbation of psychosis [4]. In addition,
cabergoline use in high doses has been associated with cardiac valvu-
lopathy in patients with Parkinson’s disease. Cabergoline use has
been reported in small numbers of hyperprolactinemic women dur-
ing pregnancy, but has not been studied in pregnant women with CD.

Pasireotide is a somatostatin receptor ligand with affinity for
multiple somatostatin receptor isoforms (SSR 1, 2, 3, and 5). SSRS
is often expressed by pituitary tumor cells in patients with CD. This
agent is approved by the FDA for use in patients with CD, wherein
it may control hypercortisolism in 20-30% of patients [20].
Adverse effects may include GI toxicity, gallstones, and hypergly-
cemia (including diabetes mellitus). There have been no studies of
pasireotide in pregnant women.

Another means of controlling the effects of hypercortisolism is
to block the glucocorticoid receptor. Mifepristone is a progester-
one receptor and type 2 glucocorticoid receptor antagonist, which
can lead to improvements in overall clinical status, decrease in
weight, and hyperglycemia in most treated patients. However,
mifepristone has to be titrated based on clinical criteria alone and
can cause several adverse effects, including hypokalemia, hyper-
tension, and endometrial hyperplasia. In addition, mifepristone
will terminate pregnancy [21]. With the exception of mifepristone
and pasireotide, medications used to treat CD are used “off label”
in the USA (i.e., without an FDA-approved indication for CD).

The Role of Bilateral Adrenalectomy
in Cushing’s Disease

Before refinement of pituitary surgery, bilateral adrenalectomy was
widely used as a first-line treatment for CD. As other effective treat-
ment options evolved, bilateral adrenalectomy is currently reserved
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for those who have either failed or are not candidates for TSS, radia-
tion therapy, or medical therapy [4]. Patients with severe CD who
have failed TSS and cannot be controlled on medical therapy may
particularly benefit from bilateral adrenalectomy, which generally
affords prompt control of hypercortisolism. In addition, female
patients planning to conceive who have failed TSS may be consid-
ered for bilateral adrenalectomy, particularly if they wish to avoid the
risk of anterior hypopituitarism associated with radiation therapy.

Bilateral adrenalectomy rapidly eliminates hypercortisolism in
almost all patients. However, this procedure will also cause perma-
nent adrenal insufficiency necessitating lifelong glucocorticoid and
mineralocorticoid replacement. Nelson’s syndrome is another pos-
sible complication that might occur in CD patients after bilateral
adrenalectomy as a consequence of loss of feedback inhibition
exerted by cortisol on tumorous corticotrophs. Nelson’s syndrome
may develop in 8-38% of the patients after bilateral adrenalec-
tomy in different reports and involves progressive growth of cortico-
troph tumors that can become locally invasive causing mass effect
as well as diffuse skin hyperpigmentation as a result of tumorous
oversecretion of melanotropic peptides [22].

In a study of quality of life of 39 patients who underwent lapa-
roscopic bilateral adrenalectomy as a treatment for CD, the major-
ity of patients had significant improvement in their symptoms and
reported their quality of life as being comparable to that of patients
treated by TSS [23].

Morbidity and Mortality Associated
with Hypercortisolism During Pregnancy

Hypercortisolism frequently leads to hypogonadism, which
interferes with normal follicular development and ovulation.
Accordingly, it is rare for women with active hypercortisolism to
conceive. Case series of women with hypercortisolism diagnosed
during pregnancy have found a substantial risk of maternal mor-
bidity (70% of pregnant women with this condition) and mortal-
ity. These women are at increased risk of diabetes mellitus,
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hypertension, and less frequently osteoporosis, fractures, poor
wound healing, severe psychiatric complications, maternal car-
diac failure, and death. Hypercortisolism is also linked to serious
fetal adverse effects, including spontaneous abortion, intrauter-
ine growth retardation, prematurity, stillbirth, and intrauterine
death [15]. Fetal adrenal insufficiency is rare, and there has been
no report of signs of glucocorticoid excess in newborns delivered
by women with hypercortisolism. The fetus is mostly protected
from the adverse effects of hypercortisolism as a consequence of
degradation of cortisol by placental tissue. The fetal adverse
effects caused by cortisol excess are probably caused by induced
maternal and placental abnormalities [15, 24].

During pregnancy, adrenal causes of hypercortisolism appear
to be more prevalent, and CD is less common than in non-gravid
patients, possibly because CD patients are more hyperandrogenic
compared to those with adrenal adenomas [24].

Prompt treatment that leads to rapid control of hypercortisolism
is advisable during pregnancy. A study of 136 pregnancies showed
that pregnant women who received treatment at a mean gestational
age of 20 = 1 weeks gave birth to 50 infants (89%), while those
with no treatment for their hypercortisolemia had 59 live births
(76%). In this study, surgical treatment of hypercortisolism was
suggested as first-line treatment and medical therapy as a second-
line option during pregnancy [15]. Adrenalectomy is likely effec-
tive in these patients, wherein the live birth rate was 87% among
those who underwent unilateral or bilateral adrenalectomy,
depending on the underlying etiology of hypercortisolism [24].

Treatment Options in Women with Cushing’s
Disease Planning to Conceive

Pituitary surgery is generally a first-line treatment in women with
CD planning to conceive. However, if CD persists or recurs after
up to two pituitary operations, then radiation therapy with interim
medical therapy can be considered. Radiation therapy may lead to
anterior hypopituitarism, necessitating the use of assisted repro-
ductive technologies in this population.
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Of note, CD patients who are planning to conceive are not can-
didates for some of the medical treatment options due to potential
adverse effects on the fetus. Ketoconazole has been shown to cross
the placenta in rats and has teratogenic and abortifacient effects.
However, there are some reports of pregnant CD patients who
received ketoconazole without evident harm. In general, ketocon-
azole is best avoided during preconception or pregnancy due to the
potential risk of interference with masculinization of a male fetus.
Mitotane is teratogenic. This agent is stored in adipose tissue for
several years and should be stopped 5 years before the patient
intends to conceive. Mifepristone will terminate pregnancy and
should obviously be avoided in preconception. Pasireotide is
labeled by the FDA as a category C drug, and there are no studies
of its use in pregnant women [4].

Metyrapone is the most widely used medication in pregnant CD
patients or those planning to conceive [24]. Cabergoline use has
been reported in hyperprolactinemic women, but has not been
specifically studied during preconception or pregnancy in CD.

Outcome

Our patient had persistent CD after two pituitary operations, and she
could not tolerate two medical therapies (metyrapone or cabergo-
line). She declined radiation therapy and opted for bilateral adrenal-
ectomy. Postoperatively, she was placed on hydrocortisone (titrated
to a maintenance dose of 10 mg in the morning and 5 mg in the early
afternoon) and fludrocortisone (100 pg by mouth daily). Her men-
ses resumed on a regular basis, hypertension resolved, and features
of hypercortisolism gradually cleared. She lost 30 1b and was able
to conceive naturally. Her hydrocortisone replacement dose was
increased (to 15 mg in the morning and 5 mg in the early afternoon)
during pregnancy, which was overall uneventful. She received stress
dose glucocorticoid coverage during labor, and she delivered a
healthy baby girl at term. A pituitary MRI examination was obtained
at 8 weeks postpartum and showed no evident sellar mass.
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Clinical Pearls and Pitfalls

First-line treatment in patients with Cushing’s disease is
transsphenoidal surgery (TSS) by an experienced neuro-
surgeon. Surgery is effective in controlling hypercorti-
solism in 70-90% of patients (among those with an
intrasellar microadenoma).

Second-line treatment may involve repeat TSS, which has
a success rate of 50-70%. High failure rates of a second
TSS suggest the need for further treatments to manage
this disease.

Radiation therapy is a reasonable option in patients who
have already failed surgery or are not candidates for sur-
gery. The caveats of this modality are the relatively long
time needed before its therapeutic effects are seen and the
substantial risk of anterior hypopituitarism.

There are several medications that can control Cushing’s
disease by different mechanisms, including steroidogen-
esis inhibitors, centrally acting agents, and glucocorticoid
receptor antagonists. Medications are generally used as a
“bridge” in patients who are awaiting the salutary effects
of radiation therapy. The choice of the most suitable med-
ication for each patient is empiric.

Metyrapone is the most commonly used agent to control
hypercortisolism during gestation. Several other medica-
tions, including mitotane and mifepristone, are contrain-
dicated during preconception or gestation.

The last resort for the management of patients with
Cushing’s disease is bilateral adrenalectomy. This proce-
dure is usually done laparoscopically. Once the adrenal
glands are removed, the patient should have tight adher-
ence to replacement therapies, since severe adrenal insuf-
ficiency without steroid replacement is fatal.
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Chapter 6

Acromegaly: Diagnosis

and Management in Patients
Who Present with Discrepancy
Between IGF-1 and GH

Lisa B. Nachtigall

Case Presentation

This is a woman who initially presented with galactorrhea at age
18 years and was found to have an elevated prolactin of 75 (nor-
mal <20 ng/mL). She reported progressive headaches, increase in
nose size, increasing ring and shoe size, and swelling of fingers.
On exam her vital signs were normal. She stood at 63 in. with a
weight of 125 1b, blood pressure of 110/80, and heart rate of 72.
Notable exam findings included an absence of the typical facial
features of acromegaly except for a subtle increase in her nose
and chin size compared to old photographs and a larger tongue.
She had enlargement of feet and hands and thickened fingers.
Visual field exam was normal, and the remainder of the exam
was unremarkable. Biochemical testing revealed insulin growth
factor 1 (IGF-1) was in the upper normal range at 624 (normal
range 182-780 ng/mL) and a random growth hormone (GH) was
14 ng/mL. GH nadir on oral glucose tolerance test (OGTT) was
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Coronal Sagittal

Fig. 6.1 Pituitary MRI post contrast

high at 7.2 ng/mL, where normal OGTT nadir is <1 ng/
mL. Morning cortisol and thyroid hormone levels were normal,
and repeated prolactin (diluted) was again mildly elevated at 51.3
(0-20 ng/mL). Cosyntropin stimulation was normal, excluding
adrenal insufficiency. Fasting glucose and hemoglobin Alc were
normal. An MRI of the pituitary was ordered, which revealed a
sellar mass approximately 1.4 cm in size without compression of
the chiasm (Fig. 6.1).

Given her elevated GH and a macroadenoma, she underwent
transsphenoidal surgery by an experienced pituitary surgery. A
GH-secreting adenoma was confirmed on pathology which also
showed rare prolactin-secreting cells. Six weeks postoperatively,
she felt well and reported decrease in ring size. Pituitary MRI six
weeks after surgery revealed a small lateral superior remnant of
tumor, which the neurosurgeon determined to be likely accessible
with repeat surgery. Twelve weeks postoperatively, after the sec-
ond surgery, her menses became regular and IGF-1 improved at
463 (normal range 182-780 ng/mL). Nadir GH by OGTT, while
improved, remained high at 4.3 ng/mL, where normal OGTT nadir
is <1 ng/mL.
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My Management

1. Arepeat surgery was recommended and performed by an expert
pituitary surgeon.

We considered repeat pituitary surgery versus medical ther-
apy with somatostatin analog, cabergoline, or pegvisomant.
Given her young age, uncertainty of ongoing access to medical
insurance coverage for drugs, and the fact that the tumor rem-
nant was deemed likely to be accessible with a second surgery,
after discussion of options and risks and benefits of each, a sec-
ond surgery was recommended and the patient agreed.

2. A postoperative MRI and anterior pituitary function tests were
obtained.

3. Clinical assessment for signs and symptoms of acromegaly and
biochemical testing for GH excess: OGTT for GH and IGF-1
levels were obtained at 6—12 weeks postoperatively.

4. A colonoscopy was suggested.

Assessment and Diagnosis

The diagnosis of acromegaly is based on signs and symptoms of
acromegaly and biochemical evidence of GH excess: a high GH and/
or high IGF-1. The presence of pituitary tumor is visible on MRI in
>90% of cases, and most of these, approximately 70% are macroade-
nomas [1]. This patient was originally thought to have a prolactinoma
because her first presentation to her gynecologist was for galactor-
rhea. When she was seen by neuroendocrine, she was found to have
subtle features of acromegaly, high GH but normal IGF-1, and ulti-
mately pathology confirmed a GH-secreting macroadenoma.

Why was her IGF-1 normal if she had acromegaly, and what are
the causes for the discrepancy between IGF-1 and GH? Possible rea-
sons for a lower IGF-1 include exogenous estrogen, liver disease,
starvation/malnourishment, and poorly controlled DM [2]. None of
these applied in her case. She may have been restricting calories but
was not known to have anorexia. Another possibility includes a range
of problems with IGF-1 assays [3]. In this case, the normal range for
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her age was up to 780 ng/mL, and this may have been inappropriately
high, placing her fairly high level of 624 within the normal range. GH
may be elevated in anorexia, normal puberty, pregnancy, diabetes
mellitus and hypoglycemia, liver disease, and exogenous estrogen
[4]. These conditions should be considered if IGF-1 is normal in the
setting of high GH or the clinical diagnosis is in question; but none of
these explained the high GH in this case of isolated GH excess, and
ultimately pathology confirmed acromegaly.

She was only 18 years at her first presentation of acromegaly.
The mean age at diagnosis is typically in the fourth decade, and
most patients have had already had the disease for 7-10 years prior
to diagnosis [1]. Younger patients are more likely to have more
aggressive disease and more likely to have germ-line aryl hydro-
carbon receptor-interacting protein (AIP) mutations even in the
absence of known family history [5]. Gigantism occurs when the
GH excess begins before the pubertal closure of the epiphyses. At
63 inches, she was not tall relative to her mid-parental height
because menarche and puberty had been completed before the
onset of the acromegaly, and therefore she presumably had closure
of her epiphyses prior to the onset of acromegaly.

At the time of diagnosis of acromegaly, assessment should
include evaluations of comorbidities associated with acromegaly.
These include evaluation of glucose and hemoglobin AIC to screen
for diabetes or glucose intolerance, a test for sleep apnea if there
are suggestive symptoms, an echocardiogram if there are cardiac
symptoms, and a screening colonoscopy to evaluate for colonic
polyps and colon cancer [6]. In addition, testing anterior hormonal
function to assess for co-secretion or deficiencies is indicated at
baseline and after surgical therapy [7]. Visual field testing is appro-
priate in patients with MRI evidence of tumors which contact or
invade the optic chiasm and preconception in reproductive age
patients with macroadenomas [6].
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Management

Pituitary surgery remains a first-line therapy for acromegaly unless
contraindicated, refused, inaccessible, or if there is no compres-
sion of chiasm and patients are unlikely to be surgically cured; in
these cases primary medical therapy is appropriate [6].

Medical therapy includes cabergoline, somatostatin analogs
(SSAs), and GH receptor antagonist [8]. Cabergoline is more likely
to be effective as monotherapy if the IGF-1 is less than double normal
and typically has minimal effect on tumor reduction [9]. Dopamine
agonists such as cabergoline are generally well tolerated but can
increase impulsive behavior rarely and must be avoided in patients
with psychotic disorders as they may stimulate psychosis in such
patients [10, 11]. The first-generation somatostatin analogs include
lanreotide and octreotide, target somatostatin subtype receptors
(SSTR) 2 and 5, and are available as long-acting monthly injections,
which decrease GH excess and control tumor in 20-70% of patients.
Side effects may include diarrhea, nausea, abdominal pain, gall-
stones, diabetes, injection site pain, and rarely hypoglycemia, brady-
cardia, and hair loss. Pasireotide, a second-generation somatostatin
analog, binds to SSTR 1, 2, 3, and 5 and has slightly greater efficacy
in controlling GH excess and also confers tumor control in respon-
sive patients with a side effect profile similar to a first-generation
SSA but with increased risk of diabetes and hyperglycemia.
Pegvisomant, a growth hormone receptor antagonist, does not typi-
cally decrease tumor but effectively controls IGF-1 in most patients
with minimal side effects: rarely causing increase in liver enzymes,
headaches, hives, or lipohypertrophy at injection sites. If monother-
apy is not effective, then therapies can be combined: SSA plus pegvi-
somant, SSA plus cabergoline, and cabergoline plus SSA.

If medical therapies are not tolerated or inaccessible, radiation
is an option. Gamma knife or proton beam can be given as a single
dose unless the tumor is very near the optic chiasm, in which case
single-dose radiotherapy cannot be used, and traditional fraction-
ated radiation therapy can be given over many weeks. Since radio-
therapy takes 2-20 years to produce a remission [12], medical
therapy must be used until then to control GH excess.
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Outcome

The first surgery was not effective but was uncomplicated and
improved GH and IGF-1 levels and symptoms. The second surgery
was not curative but associated with further improvement of
GH. Patient could not tolerate the SSA due to nausea and weight
loss. She could not tolerate cabergoline due to fatigue and mood
changes. She had radiation therapy and was observed off medica-
tions since her IGF-1 was normal, and she did not have symptoms
of acromegaly. However, for several years without medical insur-
ance, she was lost to follow-up. Three years after radiotherapy, her
IGF-1 began to rise, and signs and symptoms of acromegaly pro-
gressed including thickening of the fingers, joint pain, headaches,

Table 6.1 Symptoms and Excessive sweating
signs of acromegaly
Headache
Arthralgia
Arthritis

Enlargement hands or feet

Change in ring size, hat size, or
shoe size

New spaces between teeth
Jaw growth/prognathism
Galactorrhea

Coarsening of facial features
Hoarseness or gravelly voice
Large tongue

Menstrual abnormalities
Hirsutism

Skin tags

Sleep apnea

Hypertension

Diabetes

Carpal tunnel
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Clinical Pearls and Pitfalls

Galactorrhea was the presenting sign and prolactin was
high which made the diagnosis initially seem to be a pro-
lactinoma. However, in such patients with hyperprolac-
tinemia and adenoma, particularly with any signs or
symptoms of acromegaly, tests for GH excess should be
obtained given that there can be co-secretion of prolactin
and GH.

When IGF-1 and GH show discrepant values, reasons for
false positive and false negatives should be reviewed, and
levels should be repeated in a reliable assay. If either
value is confirmed, levels should be interpreted based on
the clinical correlation and treated if there are symptoms
or signs of acromegaly.

Repeat surgery can be considered if remnant tumor is
surgically accessible.

Classic acromegaly appearance may not be obvious in
early disease; enlargement of hands and feet may be only
sign without facial features of acromegaly in some
patients.

Galactorrhea may be a sign of acromegaly in women.
When acromegaly persists after surgery, medications
should be administered to control GH and IGF-1 and
tumor remnant; if a medication is ineffective alone, medi-
cal therapies can be combined.

If medical therapy is not effective, not tolerated, or inac-
cessible, radiotherapy should be considered in patients in
whom surgery has been unsuccessful.

Following radiotherapy to the pituitary, long-term follow-
up of anterior pituitary function should be evaluated at 6
months, 12 months, and yearly after the radiation therapy
is completed since hormonal loss can occur for many
years or even up to decades after the radiation therapy.
This case was notable in that the original IGF-I was nor-
mal at diagnosis when she had isolated elevation of
growth hormone; over time, as the disease progressed off
therapy, her IGF-I level became elevated.
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sweating, and subtle progression in facial features of acromegaly
(Table 6.1). She was then treated with pegvisomant with normal
IGF-1 levels. Annual MRI of the pituitary post-radiation
demonstrated stability of the tumor. Anterior pituitary function
tests were obtained at 6 and 12 months and yearly following radia-
tion, and all remained normal except for the finding of central
hypothyroidism 5 years after radiation.
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Chapter 7
Acromegaly and Diabetes
Mellitus: Special Considerations

Lindsay Fourman and Lisa B. Nachtigall

Case Presentation

A 49-year-old man with a history of bipolar disorder, diabetes mel-
litus type 2 (DM2), hypertension, and hyperlipidemia presented to
the hospital with psychosis and profound functional decline. The
endocrinology team was consulted when he was noted to have ran-
dom blood glucose of 526 mg/dL and 2+ urine ketones.

The patient reported a 10-year history of DM2 without any
known complications. His blood glucose had been poorly con-
trolled in recent months due to medication nonadherence in the
setting of his psychiatric illness with an outpatient hemoglobin
Alc (HbAlc) > 14%. He also reported the gradual worsening of
his glycemic control over several years despite uptitration of anti-
hyperglycemic agents by his primary care physician. His medica-
tion regimen at the time of admission was metformin, pioglitazone,
canaglifiozin, and dulaglutide. Family history was notable for a
mother with DM2 but no other endocrine diseases.

On exam, his body mass index (BMI) was 30.2 kg/m? with blood
pressure 134/87 mm Hg and pulse 94 beats per minute. The patient was
noted to have frontal bossing, mandibular prognathism, macroglossia,
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soft tissue swelling of the hands, and acanthosis nigricans of the poste-
rior neck. Upon further questioning, he indicated that he had noted
coarsening of his facial features, enlargement of his hands and feet,
headaches, and increased diaphoresis over at least 10 years. However,
he interpreted these signs and symptoms of acromegaly in the context
of his psychiatric illness, believing that they were manifestations of a
“curse” that had been placed upon him by his wife’s family.

Given the patient’s poor glycemic control with impaired insulin
secretion as evidenced by 2+ urine ketones, he was started on a
combination of short- and long-acting insulin that was increased
to 100 units per day. Metformin was continued, but the patient’s
other antihyperglycemic agents were stopped to avoid polyphar-
macy. Serum insulin-like growth factor 1 (IGF-1) was 620 ng/
mL (normal, 52-328 ng/mL), which was 3.7 standard deviations
above his age- and sex-adjusted mean. All other hormonal axes
were within normal limits. Pituitary magnetic resonance imag-
ing (MRI) showed a 3 cm sellar and suprasellar mass consistent
with a pituitary macroadenoma that displaced the optic chiasm
and invaded the right cavernous sinus. Diffuse calvarial thickening
also was noted. Formal visual field testing demonstrated bitempo-
ral hemianopsia.

My Management

(a) Transsphenoidal surgery by an experienced pituitary surgeon
was recommended in order to debulk tumor in the setting of
optic chiasm displacement.

(b) Postoperatively, blood glucose was closely monitored with
insulin dose reductions made accordingly.

(c) A first-generation long-acting somatostatin analog (octreotide
LAR) was recommended in order to control residual tumor
postoperatively.

(d) Blood glucose was closely observed in the context of octreo-
tide therapy initiation as levels may rise or fall.
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Assessment and Diagnosis

DM?2 is a complication of acromegaly that is associated with an
increased risk of cardiac disease [1] and mortality [2]. Concurrent
diabetes also poses unique considerations for clinicians in terms of
diagnosis and management of acromegaly.

The reported prevalence of DM2 in acromegaly has been highly
variable with estimates ranging from 16 to over 50% [3, 4]. Patients
with acromegaly have been shown to be at a higher risk of DM2
than the general population or non-acromegalic individuals with
traditional diabetes risk factors [3, 5]. Increased BMI [5, 6], older
age [5, 6], and family history of DM2 [6] all have been associated
with impaired glucose tolerance in acromegaly, as in the general
population. Longer pituitary disease duration [5] and higher IGF-1
(rather than GH) [6, 7] also predict disturbances in glucose homeo-
stasis. In our patient, hyperglycemia may have been an early mani-
festation of GH excess since the onset of his DM2 dates back to
when his acromegaly symptoms began. Additionally, the gradual
rise in IGF-1 as his tumor grew over time may have accounted for
the progressive deterioration of his glycemic control in recent
years. His susceptibility to DM2 was likely further enhanced by
his personal history of obesity (BMI 30.2 kg/m?) and his family
history of DM2. Notably, the endocrine consult team had been
called to manage hyperglycemia, which led to the evaluation for
acromegaly. Acromegaly should be considered in the differential
diagnosis of disturbed glucose homeostasis and has been discov-
ered incidentally in 0.6% of hospitalized patients with DM?2 [8].

GH excess in acromegaly leads to DM2 by creating a state of insu-
lin resistance. In a study using hyperinsulinemic-euglycemic clamp,
acromegalic patients were shown to have defects in both hepatic and
extrahepatic insulin action [9]. Extending these findings, GH was later
shown to antagonize downstream mediators of insulin signaling
including phosphoinositide (PI) 3-kinase [10]. GH also indirectly
impairs insulin action by bringing about a rise in free fatty acids
through the stimulation of lipolysis [11]. While insulin resistance is
the primary disturbance in acromegaly, hyperglycemia only develops
when pancreatic § cells can no longer keep up with the increased
demand to secrete insulin. Several studies have shown that insulin
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resistance is similar among acromegalic patients irrespective of DM2
status, whereas a decline in f cell function was a distinguishing fea-
ture among individuals with prediabetes and diabetes [6, 12]. At the
time of his hospital presentation, our patient had evidence of impaired
f-cell function as evidenced by positive urine ketones although formal
testing of insulin secretion (e.g., C-peptide) had not been obtained.

While IGF-1 is the preferred screening test for acromegaly [13],
cases of acromegaly in the setting of poorly controlled DM2 have
been described in which IGF-1 was falsely within the normal range.
In these patients, IGF-1 subsequently rose to an abnormal value
only once glycemic control was achieved with insulin therapy [14,
15]. For patients in whom IGF-1 is equivocal, GH suppression with
oral glucose tolerance testing (OGTT) may be assessed [13].
However, an oral glucose load in diabetic individuals may fail to
cause normal GH suppression such that false-positive results may
occur [13, 16]. An OGTT also may be contraindicated for safety
reasons among individuals with chronic hyperglycemia [17], and
there is insufficient data to support the reliability of the OGTT to
suppress GH while on insulin. Despite these considerations, our
patient had a clearly elevated IGF-1, prompting his pituitary MRI
without the need for further hormonal testing.

Management

Acromegalic patients with comorbid DM?2 often experience improved
glycemic control following treatment of GH excess. Transsphenoidal
surgery by an experienced surgeon is the treatment of choice in acro-
megaly for macroadenomas with local mass effect [13]. In one longi-
tudinal study, 51% of acromegalic patients with baseline impaired
glucose tolerance or DM2 experienced normalization of glucose
homeostasis following surgical cure. In this study, individuals whose
blood glucose derangements persisted had the most impaired p-cell
function preoperatively [18]. Given the rapid decline in GH levels
with surgery, close monitoring of blood glucose is required to avoid
hypoglycemia, particularly in those receiving insulin or antihyper-
glycemic agents that may require dose adjustment.
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While polyuria following resection of a pituitary adenoma
commonly is attributed to diabetes insipidus (DI) [19], the differ-
ential diagnosis for postoperative diuresis in a diabetic acrome-
galic patient is broad. Resolution of soft tissue edema (i.e., diuresis
of third-space fluid) is common following surgical control of acro-
megaly; a negative fluid balance on postoperative day 2 is predic-
tive of a lower postoperative GH level [20]. Poor glycemic control
due to surgical stress and/or the administration of intraoperative
steroids also may result in polyuria. Thus, in acromegalic patients
with comorbid DM2, concurrent sodium and glucose should be
measured at regular intervals postoperatively, and signs/symptoms
of DI besides polyuria should be assessed prior to the administra-
tion of desmopressin.

For patients in whom surgery is not appropriate or who have
persistent disease despite surgical intervention, medical therapy
with somatostatin analogs or the growth hormone receptor anatgo-
nist is the treatment of choice [13]. The first generation somatosta-
tin analogs (octreotide LAR and lanreotide) target somatostatin
receptor subtype 2 and to a less extent receptor subtype 5 that are
present in the pituitary and pancreas. Thus, though these agents
may improve glucose homeostasis by reducing GH excess, they
alternatively may exacerbate blood glucose levels by suppressing
insulin secretion. Reassuringly, in a large meta-analysis of acro-
megalic patients, while fasting insulin decreased significantly with
somatostatin analog treatment, marginal increases in fasting blood
glucose and HbA 1c were not significant. On the other hand, among
the subset of patients with baseline DM2 or impaired glucose tol-
erance, glycemic control was noted to worsen in 25% of individu-
als [21].

Pasireotide is a second-generation somatostatin analog with
affinity primarily for somatostatin receptor subtype 5 that may be
used as an alternative to first-generation agents. In addition to inhib-
iting insulin secretion [22], pasireotide has been shown to reduce the
secretion of glucagon-like peptide-1 (GLP-1) [23]. In a phase III
clinical trial among medically naive patients with acromegaly, long-
acting pasireotide was associated with more hyperglycemic events
(29% vs. 8%) and new diagnoses of DM2 (19% vs. 4%) compared
to long-acting octreotide [24]. Another phase I1I study of pasireotide
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in acromegalic patients inadequately controlled on first-generation
somatostatin analogs found that individuals with baseline DM2 or
prediabetes were at increased risk of hyperglycemia-related adverse
events compared to those with normal glucose tolerance [25].
Pegvisomant, a human GH receptor antagonist, has been shown to
have more favorable effects on glucose homeostasis and may be an
alternative for patients who develop progressive hyperglycemia in
response to somatostatin analogs [13].

In acromegalic patients with comorbid DM2, glycemic control
should be optimized prior to the initiation of somatostatin analog
therapy, particularly in those who are high risk or who will receive
pasireotide. Metformin has been recommended as the first-line
agent to treat pasireotide-related hyperglycemia in patients with
Cushing’s disease [26]. A mechanistic study in healthy controls
also has suggested that glucagon protein-1 (GLP-1) receptor ago-
nists and dipeptidyl peptidase (DPP-4) inhibitors may be particu-
larly efficacious to treat hyperglycemia on pasireotide, perhaps
since these agents specifically target the GLP-1 pathway [22].

Outcome

Our patient’s elevated IGF-1 and macroadenoma on pituitary imag-
ing were diagnostic of acromegaly. Given displacement of the optic
chiasm, surgery was recommended as the first-line treatment
option. However, in the context of the patient’s recent psychiatric
hospitalization, he was reluctant to undergo surgery and instead
preferred medical therapy in the short term. Octreotide LAR 20 mg
IM monthly was initiated. His blood glucoses were controlled prior
to the initiation of therapy and were monitored following treatment
initiation without a change in his insulin requirement.

One month after hospital discharge, the patient consented to and
underwent transsphenoidal surgery with uncomplicated removal of
sellar tumor. Residual tumor was noted in the right cavernous sinus
on postoperative MRI. Pathology demonstrated pituitary adenoma
that stained positive for GH with a Ki-67 proliferation rate of 0.5%.
Somatostatin analog therapy was held for approximately two months
following surgery to determine the bioactivity of residual disease at
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which time IGF-1 was 520 ng/mL (z-score 3.2). Accordingly, octreo-
tide LAR was reinitiated at 30 mg IM monthly. Following three
doses, IGF-1 partially downtrended to 407 ng/mL (z-score 2.5), and
octreotide LAR was further uptitrated to 40 mg IM monthly. Three
months later (7 months postoperatively), IGF-1 was 298 ng/mL
(z-score 1.7), suggesting biochemical control on maximal octreotide
therapy.

In the days following surgery, the patient experienced a noticeable
diuresis with no hyperglycemia or change in serum sodium or thirst,
consistent with mobilization of third-space fluid. The patient’s blood
glucose was monitored closely, and his insulin was downtitrated
from 100 to 40 units daily within the first postoperative month.
Following the reinitiation of octreotide, he experienced a marked
reduction in headaches, diaphoresis, and soft tissue swelling that par-
alleled the biochemical improvement in his IGF-1. Insulin was fur-
ther downtitrated and then discontinued while on maximum-dose
octreotide, and DM2 subsequently was managed with metformin
alone. With IGF-1 within the normal range, HbAlc was 6.9%.

In summary, control of GH excess in our patient corresponded
to a remarkable reduction in his insulin resistance. Accordingly,
despite the high dose of insulin that he needed preoperatively,
insulin therapy was no longer required once biochemical control
was achieved. As expected, our patient’s DM2 did not resolve
entirely with acromegaly treatment given that he had evidence of
baseline f-cell dysfunction on initial presentation.

Clinical Pearls and Pitfalls

e DM2 is a common complication of acromegaly that is
associated with heart disease and increased mortality.

* Acromegaly should be considered in the differential diag-
nosis of DM2, in the appropriate clinical context.

e Risk factors for impaired glucose tolerance in acromeg-
aly include older age, increased BMI, family history of
DM2, longer disease duration, and higher IGF-1.

e Poorly controlled DM2 may complicate the workup of
acromegaly by leading to IGF-1 false negatives and OGTT
false positives.
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e Surgical or medical treatment of acromegaly may result

in a reduction in insulin resistance such that decrease
or discontinuation of antihyperglycemic agents may be
appropriate.

e Somatostatin analogs, particularly pasireotide, may para-

doxically worsen glycemic control despite improving GH
excess.

* Postoperative polyuria in an acromegalic patient with

comorbid DM2 may represent diabetes insipidus, diuresis
of third-space fluids, or hyperglycemia.

e Pretreatment p-cell dysfunction predicts persistent abnor-

malities in glucose homeostasis despite acromegaly cure.
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Chapter 8

Gigantism: Management

of Fatigue and Daytime
Sleepiness After Surgery

and Radiation in Adolescents
with GH Secreting Adenoma

Vibha Singhal

Case Presentation

This is a 15-year-old girl who presents with coarse facial features
and tall stature. History is negative for headaches, nausea, vision
complaints, any obvious mucosal or skin lesions, or renal calculi.
She uses continuous positive airway pressure (CPAP) at night and
reports decreased exercise tolerance. Review of her growth charts
reveals that her height percentiles started increasing at the age of
8 years (prepubertal). There is a family history of tall stature in
maternal cousin who is 7 ft tall. Maternal grandmother died from
“brain cancer,” and further details could not be retrieved. Her mid-
parental height is 5 ft 5 inches.

Anthropometry: Height: 191.3 cm (SD = +4.27); weight: 188 Lb
(SD = +2.03); US/LS ratio = 1.06 (appropriate for age). Vitals
were normal.
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Pertinent exam findings: Tall girl with coarse facial features who
looked very different from her mother. There was no skin or muco-
sal findings. No organomegaly was noticed. No documented joint
laxity. Visual field exam on confrontation was negative. She was
Tanner 5 on breast examination (premenarchal).

Biochemical testing: TSH 1.20 mIU/mL (0.40-5.00), FreeT4
1.0 ng/dL (0.9-1.8). FSH 2.4 TU/L, LH 0.2 TU/L, EST <20 pg/mL,
ACTH 25 pg/mL (6-76), CORT 4.2 mcg/dL, Prolactin 22.3 ng/dL
(0.1-23.3), IGF-1846 ng/mL (218-659 for age and Tanner stage
Z-SCORE 3.2), hemoglobin A1C 5.50.

OGTT had a nadir GH level of 35.9 ng/mL where normal
OGTT nadir is <1 ng/mL. She passed her cosyntropin stimulation
test.

Imaging: MRI revealed a sellar/suprasellar mass lesion measuring
up to 39 x 42 x 44 mm with bilateral cavernous sinus invasion. The
optic chiasm was compressed and displaced along the anterosupe-
rior aspect of the mass. There was encasement of the cavernous
internal carotid arteries bilaterally.

Visual field testing was obtained which showed significant tem-
poral defect in the left eye with good visual acuity and no afferent
pupillary defect.

She was started on a somatostatin analog (SSA), lanreotide, to
attempt tumor shrinkage for better surgical outcome. She was
closely monitored for visual deterioration, and surgical resection
was performed two months after the start of lanreotide treatment.
She was also started on cabergoline at a dose of 0.5 mg weekly and
oral contraceptives (OCPs). She subsequently developed central
hypothyroidsm and secondary adrenal insufficiency and was
placed on appropriate supplementation. She also received radia-
tion for the residual tumor and continually elevated IGF-1 levels in
the 700 s (218-659 ng/mL for age and Tanner stage). Her cabergo-
line dose was further increased to 0.5 mg every other day, and her
IGF-1 entered the normal range at 378 ng/mL.

Over the course of next 6 months, she was noted to have
increased rage, crying episodes, and the patient getting in trouble
with teachers in school. She also developed extreme fatigue and
sleepiness during the day and was awake at night. This was very
debilitating and she was missing a lot of school. She had discontin-
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ued CPAP at night and was no longer snoring. She did not appear
sad to her mother or her friends. She reported episodes where she
would suddenly feel that she could not walk anymore and had to
sit down instantly. Her IGF-1 level was normal at this point.

My Management Options

(a) Discontinue cabergoline and request a sleep study
(b) Continue cabergoline and add pegvisomant
(c) Consider referral to a psychologist

Assessment and Diagnosis

Excess growth hormone secretion before epiphyseal closure leads to
gigantism. In most cases, it is a result of growth hormone excess
from a pituitary tumor. The onset of symptoms at young age with the
presence of family history warrants a genetic evaluation. The vari-
ous syndromes associated with gigantism are listed in the Table 8.1.

As with most pituitary tumors, younger age at presentation is
associated with more aggressive tumors [3]. Giant GH-secreting
pituitary tumors are invasive and need a multimodal treatment
approach to control GH excess and tumor growth [4]. Medical,
surgical, and radiation therapy is often needed. Of note, much of
the data comes from older patients with acromegaly and should be
interpreted with that in mind.

Medical therapy: Somatostatin analogs (SSAs), dopamine ago-
nists, and growth hormone receptor blockers are often used alone
or in combination based on need and patient tolerability. SSA may
also reduce the tumor size in about a third of patients [5, 6].
Dopamine agonists are usually used in conjunction with a SSA,
and the combination may be effective in lowering the IGF-1 level
further. Pegvisomant is a GH receptor antagonist and decreases the
IGF-1 levels in a dose-dependent manner. As pegvisomant does
not inhibit GH secretion, its use is associated with increase in



72
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Syndrome

Gene

Associated features

Multiple endocrine
neoplasia type 1
(MEN 1)

Multiple endocrine
neoplasia type 4
(MEN 4) [1]

Familial isolated
pituitary adenoma
(FIPA)

McCune-Albright
syndrome

Carney complex

Menin (MEN 1)

Cyclin-dependent
kinase inhibitor
(CDKN1B)

Aryl hydrocarbon
receptor-interacting
protein (AIP)

GNASI encodes
the alpha subunit
of the stimulatory
G protein (Gs)

PPKARIA

Parathyroid, anterior
pituitary, and pancreatic
neuroendocrine tumors

Parathyroid, anterior
pituitary, testicular,
cervical, thyroid, adrenal,
and renal tumors

At least two members of
the same family with
pituitary tumor

Fibrous dysplasia,
cafe-au-lait spots,
precocious puberty

Skin pigmentation, cardiac
myxomas, Cushing
syndrome with pigmented
nodular adrenocortical
disease (PPNAD)

X-linked GPR101 encodes a ~ Median onset of gigantism
acrogigantism G-protein coupled is 12 months [2]

(X-LAG) receptor

Paraganglioma, Succinate Most cases are familial
pheochromocytoma, dehydrogenase

and pituitary adenoma  (SDH A-D)

association (3PA)

serum GH concentration. It may presumably lead to increase in
adenoma size and initial radiological monitoring should be consid-
ered [7].

Surgical therapy: It is the treatment of choice for small and large
tumors which are resectable and those which pose a risk to visual
loss. The cure rate depends on the size of the tumor and the exper-
tise of the surgeon.

Radiation therapy: It is recommended when there is residual tumor
after surgery as it leads to decrease in tumor size and reduces
IGF-1 concentrations in majority of the patients. It usually takes a
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few years to take effect and hence is used in situations where sur-
gery and medical therapy are not effective.

There are many causes of extreme fatigue, daytime sleepiness,

and mood changes in a patient with gigantism post TSS and radia-
tion with panhypopituitarism.

Disease Related

1.

Excess Growth Hormone: Fatigue is a commonly present at ini-
tial diagnosis and may persist with elevated GH and IGF-1
levels.

. Adrenal Insufficiency: Adrenal insufficiency (Al) can present as

fatigue. Cortisol levels (at 8am or stimulated) should be regu-
larly monitored in patients with pituitary macroadenomas and/or
radiation therapy as Al can develop years after radiation.

. Hypogonadism: Hypogonadism may be associated with fatigue.

Adequate replacement of gonadal steroids is important which
also provides the additional benefit of lowering IGF-1 levels
with exogenous estrogen in females.

. Growth Hormone Deficiency: This can develop after surgery

and radiation. It affects quality of life and is associated with
decreased energy levels [8]. In a randomized controlled trial,
growth hormone replacement in cured acromegaly patients led
to improvement in quality of life [9].

. Myopathy: There are reports of severe muscle tenderness in

acromegaly which is associated with elevated creatinine kinase
(CK-MB) levels. This should be considered and addressed with
appropriate physical therapy.

. Sleep Apnea: It is a recognized complication of acromegaly.

Almost half of the patients with acromegaly suffer from sleep
apnea. It is usually of obstructive nature resulting from soft tis-
sue enlargement. Rarely, central sleep apnea from altered respi-
ratory control is also reported and should be treated
accordingly.

. Narcolepsy is a neurological disorder characterized by irresist-

ible sleep, sleep paralysis (momentary inability to move the
body), and cataplexy (sudden transient loss of muscle tone—usu-
ally in response to an emotional trigger). The diagnosis is estab-
lished by nocturnal polysomnography (PSG) and multiple sleep
latency test (MSLT). It can be rarely seen in patients with brain
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tumors and is reported in one case of acromegaly after radiation
treatment [10]. Testing levels of hypocretin in CSF can be under-
taken if the diagnosis of narcolepsy is equivocal. Pharmacotherapy
with stimulants is usually the first line of treatment.

. Respiratory Disorders: Mortality from respiratory disorders is

threefold more common in acromegaly patients than in the
general population [11]. Upper respiratory obstruction from
macroglossia, mucosal, and tonsillar hypertrophy is common
although pulmonary dysfunction and disturbance in central
nervous system may occur. Involvement of lung parenchyma
(decrease carbon monoxide diffusion capacity) has been shown
before any detectable structural deficits appear in MRI [12].

. Depression: Patients with acromegaly suffer from depression

even long after medical cure [13]. This affects their overall
quality of life, and some may develop somatic symptoms of
fatigue and insomnia. This is an important consideration in
evaluation of fatigue after acromegaly treatment.

Treatment Related

1.

Radiation fatigue: Fatigue is a common acute and chronic com-
plication of cranial radiation. In rare cases, radiation can cause
“somnolence syndrome.” It is more commonly seen in children
than adults and usually occurs in the first 6 months after radia-
tion [14]. This is associated with extreme sleepiness and maybe
associated with symptoms of increased intracranial pressure. It
is usually self-resolving.

. Somatostatin analogs (SSAs): Quality of life may be impaired

in acromegaly patients post-surgery if they need somatostatin
analogs despite similar IGF-1 levels [15]. SSA usage in the
long term was not, however, associated with declining self
reported QOL [16].

. Dopamine agonists (Cabergoline): Cabergoline is the more com-

monly used DA due to its better efficacy and safety profile.
However, its use has been shown to be associated with fatigue,
somnolence, impulsivity, and rage episodes. Most of these effects
are dose dependent and reversible once the medication is discon-
tinued [17].
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Psychosocial

Other factors like social conditions, recent changes in school, job,
or parental discord should not be neglected and appropriately
addressed.

Management

Evaluations

— The patient had an ACTH stimulation test to rule out adrenal
insufficiency.

— She was referred to sleep specialist where she had sleep study
and a multiple sleep latency test.

- She was seen by a psychologist to rule out mood disorder.

Medication Changes

— Cabergoline was discontinued.

- Appropriate thyroid and estrogen replacement was continued.

- Pegvisomant was added at further follow-up as her IGF-1 was
above normal range.

Outcome

Her peak cortisol level on ACTH stimulation test was 14 mcg/dL,
and we started her on low-dose steroid replacement. Patient was
diagnosed with narcolepsy as she had significantly abnormal
MSLT—multiple sleep latency test. She was started on modafinil—
a stimulant. Patient developed anorexia with modafinil (known
side effect) and lost weight. With close observation, she regained
her appetite and the weight stabilized. Cabergoline was discontin-
ued to see if her “aggressive” symptoms would improve. Over the
next few weeks, aggressive symptoms were significantly improved.
However, this led to an increase in her IGF-1 levels, and hence
pegvisomant was added.
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Clinical Pearls and Pitfalls

* Narcolepsy, albeit rare, can be a debilitating consequence
of gigantism/acromegaly and its treatment. It should be
diagnosed and managed by a sleep specialist. Patients are
not allowed to drive unless their symptoms resolve
substantially.

* Recognize that the side effect profile of medications may
vary in adolescents as compared with adults. Cabergoline
may cause “aggressiveness’ in some teenagers.

e Close follow-up and monitoring of gigantism/acromeg-
aly patients are important.
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Chapter 9
A Rare Entity: TSH-Secreting
Adenoma

Laura E. Dichtel

Case Presentation

A 72-year-old male with past medical history of benign prostatic
hypertrophy and migraines was found to have an elevated TSH of
5.2 pIU/mL (normal 0.356-3.740 pIU/mL) on routine screening. He
denied any symptoms of hypothyroidism, including weight gain,
fatigue, cold intolerance, constipation, or dry skin. TSH was rechecked
and found to be 5.92 pIU/mL (normal 0.356-3.740 nIU/mL) with an
elevated free T4 (FT4) of 2.14 ng/dL (normal 0.75-1.69 ng/dL).
Despite the elevation in FT4, he was started on levothyroxine 75 mcg
daily, which he took inconsistently for approximately one month
only. TFTs repeated off of levothyroxine confirmed an elevated TSH
of 6.08 pIU/mL (normal 0.356-3.740 pIU/mL) and concurrently
elevated FT4 of 1.85 ng/dL (normal 0.76—1.46 ng/dL). Because of
persistently abnormal thyroid function tests, he was referred to an
endocrinologist. Full thyroid testing panel then revealed a TSH of
6.35 pIU/mL (normal 0.356-3.740 pIU/mL), total T4 of 13.5 pg/dL
(normal 4.5-12.1 pg/dL), FT4 of 1.57 ng/dL (normal 0.76-1.46 ng/
dL), and FT3 of 4.1 pg/mL (normal 2.0-3.5 pg/mL).
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My Management

(a) Complete diagnostic workup to rule out other causes of cen-
tral hyperthyroidism.

(b) Perform MRI to confirm the presence of a pituitary lesion.

(c) Once TSH-secreting pituitary adenoma is confirmed, discuss
therapeutic options with the patient, including surgery, medi-
cal management with somatostatin analogs, and/or radiation.

Epidemiology

Thyrotropinomas, or TSH-secreting adenomas are rare, estimated
to comprise only 0.5-3% of pituitary tumors overall [1, 2]. They
can be seen across the age spectrum, with reports of cases from
age 8—84 years [3, 4] and a peak incidence between the fifth and
seventh decade of life [2, 5]. Most studies report an equal preva-
lence between genders [6, 7], although a few series have noted a
higher frequency in women (60-65%) as compared to men [2, 5].
TSH-secreting adenomas are predominantly benign, with only a
few case reports of malignant transformation reported [8—11]. The
majority are macroadenomas at the time of diagnosis (range
57-100% across one comprehensive review), with tumor invasion
occurring in 23-91% of cases [3]. Published series report a hor-
monal co-secretion rate of up to 40%, mainly involving concurrent
GH or prolactin overproduction [2, 3].

The majority of patients with TSH-secreting adenomas present
with classic symptoms of hyperthyroidism, and, depending on the
series, up to 70% have a history of misdiagnosed primary thy-
roid disease with either prior thyroidectomy and/or radioactive
iodine treatment [3, 4, 12]. Up to 90% are reported to have a coex-
isting nonautonomous goiter, mainly due to TSH-stimulation over
time [4]. Patients can alternatively come to medical attention due
to classic symptoms of a pituitary macroadenoma, such as head-
ache, visual field changes or symptoms of coexisting hypopituita-
rism, or a combination of mass effect-related symptoms in addition
to hyperthyroidism [1, 4, 13]. Multiple authors have suggested that
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increased sensitivity of laboratory testing and incidental findings
on head imaging have led to a change in the classic presentation of
TSH-secreting adenomas over time, with more individuals pre-
senting at earlier stages of biochemical disease and with smaller
lesions than what is reflected in most historical series [3, 4, 7, 14].

Diagnosis

The diagnosis of a TSH-secreting adenoma should be considered
in the presence of an inappropriately normal to elevated TSH in
conjunction with increased free serum thyroid hormone levels
(FT4, FT3), which is termed central hyperthyroidism. However,
the differential diagnosis of central hyperthyroidism includes a
broad array of conditions that must first be exonerated [1].
Laboratory interference, for example, by heterophilic antibodies to
mouse immunoglobulins, biotin supplementation (by interference
with biotinylated laboratory assays), or concurrent use of heparin
(which displaces T4 and T3 from TBG), can cause a biochemical
picture of central hyperthyroidism in the absence of clinical symp-
toms [15]. These should be excluded through appropriate testing
and review of all medication and over-the-counter supplement his-
tory. Central hyperthyroidism can also occur in other conditions,
such as resistance to thyroid hormone (RTH) [16, 17], very early
destructive thyroiditis, erratic compliance with thyroid hormone
replacement, recent initiation of amiodarone, or due to laboratory
interference in familial dysalbuminemic hyperthyroxinemia [18].
It is particularly important to rule out thyroid hormone resistance
in patients with central hyperthyroidism, with RTHR being the most
common form of thyroid hormone resistance. Patients with RTHB
can have variable degrees of hormone resistance based on distribu-
tion of receptor subtypes but generally do not experience frank
symptoms of hyperthyroidism. If any are present, the most com-
monly reported symptoms in RTHS include isolated goiter, hyper-
activity, and/or tachycardia [16]. This is in contrast to patients with
TSH-secreting adenomas, who generally experience a more signifi-
cant and classic constellation of hyperthyroid symptoms [1]. Given
that RTHS is most commonly inherited in a dominant fashion, fam-
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ily history of RTHB or biochemical screening of additional mem-
bers can be helpful in confirming this diagnosis. Patients with
TSH-secreting adenomas are more likely to present with a history
of additional pituitary hormone abnormalities or symptoms due to
mass effect from the lesion. Furthermore, SHBG tends to be ele-
vated in TSH-secreting adenomas and normal in RTHB [19].
Finally, serum o-subunit can also be used to distinguish between
RTHS and a likely TSH-secreting adenoma. Elevation in a-subunit
as well as an a-subunit/TSH ratio > 1 [calculated as (x-subunit in
ng/mL/TSH in pIU/mL) x 10] supports the diagnosis of TSH-
secreting adenoma. However, the sensitivity and specificity of the
a-subunit/TSH ratio has been called into question by multiple
authors [1, 3], and this piece of data must be interpreted in the con-
text of all available data and patient characteristics.

Dynamic testing can help differentiate TSH-secreting adeno-
mas from RTHB and includes (1) TRH stimulation test, in which
90% of patients with TSH-secreting adenomas demonstrated a
blunted response, and (2) T3 suppression test, in which the major-
ity of patients with TSH-secreting adenomas lack the expected
suppression of TSH. While some guidelines still recommend these
dynamic tests [1], TRH is not available in the United States [20],
and T3 administration should not be administered to older patients
or those with certain coexisting conditions [3, 21]. Thus, the diag-
nosis of TSH-secreting adenoma in a patient with central hyper-
thyroidism is usually made based on clinical and family history,
a-subunit testing, SHBG levels, pituitary MRI, and genetic testing
for RTHB when appropriate.

In summary, once central hyperthyroidism is identified, a full
workup should include evaluation for symptoms of hyperthyroid-
ism, history of potentially confounding medications, measurement
of heterophile antibodies, repeat thyroid function testing, and mea-
surement of a-subunit and SHBG with consideration of the diagno-
sis of RTHB as discussed above. Pituitary MRI should be performed
in patients who have not yet had radiographic evaluation. All patients
with an identified pituitary lesion should undergo additional hor-
monal testing, including prolactin, IGF-1, morning cortisol, morn-
ing testosterone (men), and SHBG. Menstrual history should also be
obtained as clinical assessment of gonadal function in women and
estradiol and LH and FSH should be obtained in premanopausal
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women with absent or irregular menses. Patients who are found to
have a macroadenoma should additionally undergo a standard
250 mcg cosyntropin stimulation test to prove adrenal sufficiency if
morning cortisol is not found to be adequate (>18 mcg/dL).

Management

Therapeutic options for patients with TSH-secreting adeno-
mas include transsphenoidal pituitary surgery, medical treat-
ment with somatostatin analogs (SSAs), and radiation therapy.
Transsphenoidal pituitary surgery is considered the first-line treat-
ment for TSH-secreting adenomas [1]. Surgery can be considered
definitive therapy in the case of complete resection, or as a deb-
ulking procedure when the former is not possible. However, there
is a concern in the literature that surgical complications may be
more prevalent in patients with TSH-secreting adenomas com-
pared with other pituitary adenoma subtypes, possibly due to the
fibrotic nature of TSH-secreting lesions [14]. A recent review of
all surgical series from 1993 to 2014 demonstrated that, on aver-
age, 70% of surgical patients were euthyroid postoperatively and
62% demonstrated no residual tumor [3]. Recurrence rates of up
to 31% postoperatively have been noted [22], and these patients
should be followed closely even if initially thought to be in remis-
sion after surgery. However, the limitations of these surgical series
include small numbers, heterogeneity of patient populations, and
varying study methodologies. Thus, surgery remains the primary
recommended treatment for TSH-secreting adenomas [1], but
is often used in conjunction with medical management and/or
radiotherapy.

Medical management has been found to be quite effective in
patients with TSH-secreting adenomas [1, 23], which have been
shown to express somatostatin receptors (particularly SSTR2 and
SSTRS). Series report normalization of thyroid function tests in
90% of patients, with significant reduction in tumor size in 30-55%
of patients [1, 3, 6, 24]. SSAs can be used for preoperative normal-
ization of thyroid hormone levels (with or without methimazole),
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as primary medical treatment if surgery is contraindicated or
declined, or for residual disease in postoperative patients. Patients
on SSAs should be monitored for the development of hyperglyce-
mia, gallbladder disease, and gastrointestinal side effects. Of note,
dopamine agonists have also been utilized as medical therapy in
TSH-secreting adenomas. However, they have only been found to
induce biochemical control in a small subset of mixed prolactin/
TSH-secreting tumors [7, 24].

Finally, radiation therapy can be used as definitive therapy in
patients who do not have surgery or in patients with residual dis-
ease postoperatively who do not want to commit to long-term SSA
treatment or in whom SSA treatment has failed. Postoperative
series report that approximately 10-48% of patients have histori-
cally undergone subsequent radiation therapy. However, there is a
significant risk of hypopituitarism with radiation therapy, as
expected with radiation therapy for any pituitary tumor subtype.

In summary, TSH-secreting adenomas are rare but must be con-
sidered in the differential diagnosis of central hyperthyroidism.
While historically TSH-secreting adenomas were more likely to
present as macroadenomas, more recent series demonstrate a
higher prevalence of microadenomas at diagnosis than previously
reported, likely due to earlier detection. Treatment options include
transsphenoidal surgery, medical therapy with SSAs, radiation, or
some combination of the three. The goal of therapy involves both
normalization of thyroid function, alleviation of mass effect when
present, and long-term control of lesion size. As in this case, choice
of treatment modality can be based on a combination of clinical
characteristics and patient preference. Regardless of treatment,
these patients should have long-term endocrine follow-up with
continued biochemical and radiologic surveillance.

Outcome

Thyroid receptor beta mutation testing was negative. Alpha-
subunit was elevated at 1.14 ng/mL (normal 0.09-0.76 ng/mL)
with a concurrent TSH of 5.98 pIU/mL (normal 0.4-5.0 pIU/mL),
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giving a ratio [(o-subunit/TSH x 10)] of 1.9 (normal <1).
Heterophile antibody was checked and found to be negative. The
patient was not taking any biotin-containing supplements. Upon
further questioning, he denied symptoms of hyperthyroidism,
including weight loss, tachycardia, palpitations, exercise intoler-
ance, muscle weakness, shortness of breath, heat intolerance,
hyperdefecation, or increased anxiety. He did note a newly present
fine tremor. He denied any vision changes or headaches outside of
his normal pattern of migraines. Libido was normal, and he was
treated successfully with tadalafil for erectile dysfunction. His
only other medication was tamsulosin for benign prostatic hyper-
trophy. He had no family history of hyperthyroidism or other
known endocrine disorders. On physical exam, he was well-
appearing with normal blood pressure and heart rate. He had no
proptosis or lid lag. Visual fields were intact to confrontation.
Thyroid was small (10 gm) but palpable. A fine tremor was noted
bilaterally. Lower extremity patellar reflexes were brisk bilaterally.
The remainder of his exam was normal.

The patient underwent an MRI, which showed a 0.9 x 0.6 x
0.6 cm hypodensity of the right aspect of the pituitary gland with-
out any optic nerve or chiasm compression. Further workup was
obtained, including a normal AM cortisol (>18), testosterone, and
prolactin. IGF-1 was slightly elevated at 191 ng/mL (normal
42-187 ng/mL) but was repeated in a different assay and was nor-
mal at 199 ng/mL (34-245 ng/mL). Given consistent evidence of a
likely TSH-secreting adenoma, the patient was referred to a neuro-
surgeon who specialized in transsphenoidal procedures. Surgery to
remove the presumed pituitary adenoma was recommended due to
hormone secretion and size. However, the patient wished to
undergo the least invasive treatment possible. As there was no con-
cern for imminent mass effect upon optic structures, he was treated
with a monthly somatostatin injection (lanreotide 90 mg). Baseline
liver function testing and HbA 1c¢ were in the normal range prior to
initiation of treatment. He experienced diarrhea for two weeks
after the first injection and for one day following the second injec-
tion, 30 days later. He otherwise tolerated the medication well and
had no further gastrointestinal side effects.
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Approximately 5 weeks after starting treatment, TFTs normal-
ized to a TSH of 4.96 pIU/mL (normal 0.4-5.0 pIU/mL), total T4
8.7 pg/dL (normal 4.5-10.9 pg/dL), FT4 1.6 ng/dL (normal 0.9—
1.8 ng/dL), T3 154 ng/dL (normal 60-181 ng/dL), a-subunit
0.5 ng/mL (normal <0.5 ng/mL), and a-subunit/TSH ratio of 1.0
(normal <1). His tremor had improved and was only intermittent.
On physical exam, his reflexes were present but normal. Liver
function testing and hemoglobin Alc (HbAlc) remained normal
on treatment.

MRI was repeated after 1 year on treatment and revealed a sta-
ble to slightly decreased 0.8 x 0.4 x 0.7 cm hypoenhancing lesion
in the right pituitary gland with no mass effect. TFTs revealed a
TSH of 2.43 plU/mL (normal 0.45-5.0 pIlU/mL), total T4 of
5.9 pg/dL (normal 4.5-10.9 pg/dL), FT4 of 1.0 ng/dL (normal
0.9-1.8 ng/dL), T3 78 ng/dL (normal 60-181 ng/dL), a-subunit of
0.4 ng/mL (normal <0.5 ng/mL), and o-subunit/TSH ratio of
1.6 (normal <1). The patient felt well with no complaints. Based
on normalization of thyroid function testing, stability of the lesion,
and his preference to minimize intervention, the lanreotide dosing
interval was extended from 90 mg every 4 weeks to 90 mg every
6 weeks. TFTs on this dose remained in the normal range, with a
TSH of 3.36 plU/mL (normal 0.45-5.0 pIU/mL), FT4 1.1 ng/dL
(normal 0.9-1.8 ng/dL), T3 92 ng/dL (normal 60-181 ng/dL),
a-subunit of 0.3 ng/mL (normal <0.5 ng/mL), and a-subunit/TSH
ratio of 0.9 (normal <1). MRI 2 years after starting treatment again
showed a small reduction of the lesion size to 0.5 cm in diameter.
He continues to defer surgical management and has tolerated SSA
therapy well.

Given his age and history of hyperthyroidism, the patient under-
went a bone density scan that revealed osteoporosis based on T
scores of —1.6, —2.6, and —2.8 in the hip, spine, and forearm,
respectively. Secondary osteoporosis workup was otherwise nega-
tive. He was started on alendronate, which he tolerated well. He
continues to be followed closely in a neuroendocrine clinic with
regular biochemical and radiologic surveillance.



A Rare Entity: TSH-Secreting Adenoma

Clinical Pearls and Pitfalls

Central hyperthyroidism is defined as inappropriately
normal to elevated TSH in conjunction with increased
free serum thyroid hormone levels (FT4, FT3).
Thyrotropinomas, or TSH-secreting adenomas, are rare;
however, they must be considered in the differential diag-
nosis of central hyperthyroidism.

While historically TSH-secreting adenomas were more
likely to present as macroadenomas, more recent series
demonstrate a higher prevalence of microadenomas at
diagnosis than previously reported.

Once a pituitary lesion has been identified, a full pitu-
itary hormone workup should be completed. Neuro-
ophthalmology evaluation is also required in the case of
macroadenomas with concern for optic nerve or chiasm
involvement.

Therapeutic options for patients with TSH-secreting ade-
nomas include transsphenoidal pituitary surgery, medical
treatment with somatostatin analogs (SSAs), radiation
therapy, or a combination of these modalities. The goals
of therapy involve normalization of thyroid function, alle-
viation of mass effect when present, and long-term con-
trol of lesion size.

While surgical treatment is still considered as the first-line,
definitive therapy, the high efficacy of somatostatin analogs
for the treatment of TSH-secreting adenomas provides
another option for appropriate patients who prefer a non-
surgical treatment plan.

Regardless of treatment, these patients should have long-
term endocrine follow-up with continued biochemical
and radiologic surveillance.
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