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IMPORTANCE Pituitary adenomas may hypersecrete hormones or cause mass effects.

Therefore, early diagnosis and treatment are important.
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OBSERVATIONS Prevalence of pituitary adenomas ranges from 1in 865 adults

to 1in 2688 adults. Approximately 50% are microadenomas (<10 mm); the remainder

are macroadenomas (=10 mm). Mass effects cause headache, hypopituitarism, and visual
field defects. Treatments include transsphenoidal surgery, medical therapies, and
radiotherapy. Prolactinomas account for 32% to 66% of adenomas and present with
amenorrhea, loss of libido, galactorrhea, and infertility in women and loss of libido,

erectile dysfunction, and infertility in men; they are generally treated with the dopamine
agonists cabergoline and bromocriptine. Growth hormone-secreting tumors account

for 8% to 16% of tumors and usually present with enlargement of the lips, tongue, nose,
hands, and feet and are diagnosed by elevated insulin-like growth factor 1levels and growth
hormone levels; initial treatment is surgical. Medical therapy with somatostatin analogues,
cabergoline, and pegvisomant is often also needed. Adrenocorticotropic hormone
(ACTH)-secreting tumors account for 2% to 6% of adenomas and are associated with obesity,
hypertension, diabetes, and other morbidity. Measurement of a late-night salivary cortisol
level is the best screening test but petrosal sinus sampling for ACTH may be necessary to
distinguish a pituitary from an ectopic source. The primary treatment of Cushing disease
(hypercortisolism due to ACTH-producing adenomas, which is the cause in approximately
65% of the cases of hypercortisolism) is adenoma resection and medical therapies including

ketoconazole, mifepristone, and pasireotide. Hyperthyroidism due to thyroid-stimulating
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hormone-secreting tumors accounts for 1% of tumors and is treated with surgery and
somatostatin analogues if not surgically cured. Clinically nonfunctioning adenomas account
for 15% to 54% of adenomas and present with mass effects; surgery is generally required,
although incidentally found tumors can be followed if they are asymptomatic.

CONCLUSIONS AND RELEVANCE Patients with pituitary adenomas should be identified at an
early stage so that effective treatment can be implemented. For prolactinomas, initial therapy
is generally dopamine agonists. For all other pituitary adenomas, initial therapy is generally
transsphenoidal surgery with medical therapy being reserved for those not cured by surgery.
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pproximately 10% of unselected pituitaries (meaning

those from individuals without known pituitary disease)

examined at autopsy contain pituitary adenomas.' Mag-
netic resonance imaging (MRI) scans of normal volunteers also
show a 10% prevalence,? but other pathologic entities may have a
similar appearance, such as Rathke cleft cysts and metastatic
tumors. Not all patients with pituitary tumors develop symp-
toms because most tumors remain small and most do not secrete
hormones in excessive amounts. Clinical case-finding studies, in
which all hospitals and practices in a geographic area were que-
ried about cases with pituitary tumors over a defined period, have
suggested a prevalence of pituitary adenoma ranging from 1in
865 persons to 1in 2688 persons (Table 1).461
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Pituitary adenomas are classified into microadenomas (<10 mm),
macroadenomas (=10 mm), and giant adenomas (=40 mm)
(Figure 1)."23 Pituitary carcinomas with distant metastases arerare,
occurringin 0.1% to 0.2% of cases.'? If an MRI shows the tumor im-
pinging on the optic chiasm, then formal visual field testing is
indicated.™ An evaluation for hypopituitarism should be carried out
in all patients with macroadenomas and even large (6-9 mm)
microadenomas.' Diabetes insipidus is rarely seen with pituitary
adenomas.!

About two-thirds of pituitary adenomas may secrete excess
hormones. In the studies*®™ that included 1718 patients, about
50% of cases were macroadenomas and 32% to 66% of tumors
were secreting prolactin, 14% to 54% were clinically nonfunction-
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Table 1. Prevalence of Pituitary Adenomas in Community-Dwelling Adults

No. of Patients (%)

No. of
Patients Growth
Years of With Prolactin- Hormone- ACTH-
Data Pituitary Secreting Secreting Secreting
Source Country Collection Adenomas Prevalence Tumor CNFA Tumor Tumor Macroadenomas
Daly et al,* Belgium 2005 68 1/1064 45 (66)* 10 (15) 9(13) 4 (6) 29 (43)
2006
Fontana et al,® Switzerland  2006-2007 44 1/1241 25 (56) 13 (30) 4(9) 2 (4) 19 (44)
2009
Fernandez et al,” England 2006 63° 1/1289 36 (57) 18 (28) 7 (11) 1(2) 26 (41)
2010
Raappana et al,® Finland 1992-2007  164° 1/1471 84 (51) 59 (37) 14 (8) 5(@3) 75 (46)
2010
Gruppetta et al,® Malta 2000-2011 316° 1/1321 146 (46) 108 (34) 52 (16) 7(2) 136 (43)
Tj6rnstrand et al,° Sweden® 2001-2011  592° 1/2688 187 (32) 320 (54) 53 (9) 25 (4) 384 (65)
2014
Agustsson et al,'* Iceland 1955-2012 471 1/865 188 (40) 203 (43) 53 (11) 27 (6) 259 (55)
2015

Abbreviations: ACTH, adrenocorticotropic hormone; CNFA, clinically
nonfunctioning adenomas.

2 Number of adenomas of this type (percentage of total number of adenomas).

®1n the series from England, there was 1 case that could not be classified; in the
series from Finland, there were 2 cases that had thyrotropin-secreting

adenomas; in the series from Malta, there were 3 cases that had
thyrotropin-secreting adenomas; in the series from Sweden, there were 4
cases that had thyrotropin-secreting adenomas, 1case that had a
gonadotropin-secreting adenoma, and 2 cases that could not be classified.

ing adenomas, 8% to 16% were secreting growth hormone, 2% to
6% were secreting adrenocorticotropic hormone (ACTH), and less
than 1% were secreting thyrotropin (Table 1). Although most clini-
cally nonfunctioning adenomas stain for gonadotropins or their
subunits, on rare occasions they stain for growth hormone, ACTH,
or prolactin but do not secrete these hormones in excess. These
adenomas are referred to as “silent” somatotroph, corticotroph, or
lactotroph tumors."*

The pathogenesis of most pituitary adenomas remains
unknown.'® Fewer than 5% of adenomas have defined pathoge-
netic mutations although thisis an emerging field. Therefore, genetic
evaluation is not warranted for patients presenting with adenomas
unless there is a compatible family history.”

Transsphenoidal surgical adenoma resection is the initial
treatment chosen for all tumors except prolactinomas. Rarely is
craniotomy performed.'®"” With expert pituitary surgeons, remis-
sion rates can be achieved in 80% to 90% of patients with micro-
adenomas and 40% to 70% of those with macroadenomas, with
a10% to 20% recurrence rate because of regrowth of tumor rem-
nants over several years.'”” Complication rates decrease with
increased experience of the neurosurgeon and are approximately
for carotid artery injury, 0.4%; central nervous system injury,
0.6%; loss of vision, 0.5%; ophthalmoplegia, 0.4%; cerebrospinal
fluid leak, 1.5%; meningitis, 0.5%; hypopituitarism, 7.2%; diabe-
tes insipidus, 7.6%; death, 0.2%.'®'° Even with experienced neu-
rosurgeons, delayed hyponatremia occurring 7 to 10 days postop-
eratively can occur in 4% to 10% of patients due to inappropriate
vasopressin secretion.?®

Irradiation is reserved for patients who do not achieve ad-
equate reduction in tumor size, hormone levels, or both in re-
sponse to surgery, medical therapy, or both.?"?2 The older conven-
tional fractionated therapy has largely been abandoned in favor of
giving high-dose irradiation in a single visit or a few visits after care-
ful stereotactic mapping of the tumor, except in the case of large,
invasive tumors or those in close proximity to the optic chiasm.?"%2
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Stereotactic radiotherapy results in overall faster reduction in hor-
mone secretion and fewer adverse effects than conventional radio-
therapy, although the risk for hypopituitarism remains high for both
types of radiotherapy, reaching 20% by 5 years and 80% by 10 to
15 years.?"?2

Prolactinoma (Prolactin-Secreting Tumor)

Prolactinomas comprise close to 50% of all pituitary adenomas in
most series*® 1 and occur most frequently among women aged 20
to 50 years.?3 Prolactin is normally inhibited by the neurotransmit-
ter dopamine coming from the hypothalamus, so that hypotha-
lamic or pituitary stalk disease may cause a decrease in this inhibi-
tionandarisein prolactin levels. Many medications block dopamine
receptors and can also cause prolactin elevations (Box). A number
of other conditions can also raise prolactin levels, such as preg-
nancy, hypothyroidism, and renal insufficiency (Box).

Presentation

Elevated prolactin levels suppress the hypothalamic-pituitary-
gonadal axis, resulting in loss of libido, infertility, and osteoporosis
in both sexes, oligomenorrhea or amenorrhea and galactorrhea in
women and erectile dysfunction in men.?*2> Macroadenomas may
cause additional symptoms related to tumor size.

Evaluation and Diagnostic Testing

Since there are causes of hyperprolactinemia other than prolacti-
noma (Box) a careful history, examination, and measurement of se-
rum thyrotropin and creatinine are required.?*2* An MRI will deter-
mine whether a tumor is present and its size. More than 90% of
prolactinomas are microadenomas.” If no tumor is found, the hy-
perprolactinemiais idiopathic. Non-prolactin-producing macroad-
enomas can cause prolactin elevations from disinhibition of prolactin
secretion by compressing the pituitary stalk or hypothalamus.
If the prolactin level is more than 200 pg/L (to convert to pmol/L,
multiply by 43.478), it is almost always due to production by
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Figure 1. Anatomy Surrounding the Pituitary Gland and Magnetic Resonance Imaging of Pituitary Adenomas
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Magnetic resonance imaging of pituitary adenomas
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CN indicates cranial nerve. Yellow arrows indicate location of adenomas.

aprolactinoma rather than stalk compression.2® If the tumor is very
large (>3 cm), the very high prolactin levels (usually >10 000 pg/L)
may rarely saturate the antibodies in some assays, leading to arti-
factually low or normal results (the "hook effect ) and prolactin lev-
els should be rerun at 1:100 dilution to exclude this.?*2>

Treatment

The goals of treatment are to restore normal gonadal function and
fertility and reduce tumor size for patients with macroadenomas.2+2°
For patients with minimal symptoms who are eugonadal (eg, women
with mild galactorrhea and regular menses) and have normal MR
scans or microadenomas, observation alone can be done, monitor-
ing prolactin levels every 6 to 12 months. If prolactin levelsincrease
or symptoms due to the hyperprolactinemia develop, a repeat
MRI may be done to assess tumor size and treatment initiated.?*2°
Only 5% to 10% of microprolactinomas enlarge over 10 years.?3
For women with oligomenorrhea or amenorrhea who do not wish
to become pregnant, estrogen in the form of oral contraceptives
or other estrogen plus progestin regimens are a reasonable thera-
peutic option.24%
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Most patients with prolactinomas are treated with dopamine
agonists, which activate dopamine receptors on the tumors, be-
cause of their high efficacy and tolerability; cabergoline has been
shown to be more effective in normalizing prolactin levels and re-
ducing tumor size with fewer adverse effects than bromocriptine. 2>
About 15% to 20% of patients, especially those with macroadeno-
mas, may require higher than conventional doses (=2 mg/week) to
achieve control.?”-?8 Although a 3- to 6-fold increased risk of cardiac
valvular abnormalities has been found among patients with Parkinson
disease who receive very high doses of cabergoline (3-5 mg/d) for
more than 6 months,?° this adverse effect does not occur among pa-
tients with prolactinomas treated with conventional doses.>° How-
ever, because the threshold dose for causing valvular risk is un-
known, echocardiograms should be obtained yearly in the subset of
patients exceeding a weekly dose of 2 mg.3! Another adverse effect
of dopamine agonists, occurring in about 5% of patients, is compul-
sive behavior, such as excessive gambling and hypersexuality. Patients
should be cautioned against this adverse effect.?

Transsphenoidal surgery is a therapeutic option and can
achieve a normalization of prolactin in 65% to 85% of patients with
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microadenomas and 30% to 40% with macroadenomas with
recurrence rates of 20% over 10 years.?3 Radiotherapy is generally
reserved for the uncommon patients (<5%) whose hyperprolac-
tinemia and tumor cannot be controlled with dopamine agonists or
surgery.2*2> The alkylating agent, temozolomide, has been used
for very aggressive prolactinomas and pituitary carcinomas with
limited success.>

Pregnancy

The high estrogen levels of pregnancy have a stimulatory effect on
lactotroph cells, resulting in risks of tumor growth of 21% for those
with preexisting macroadenomas and of 2% to 3% for those with
preexisting microprolactinomas.33 Both dopamine agonists are safe
to use in early pregnancy®3 and are considered US Food and Drug
Administration (FDA) class B (no evidence for risk in humans) for
pregnant women. Nonetheless, for women with prolactinomas being
treated with dopamine agonists, these drugs are usually stopped
when a woman becomes pregnant and reinstituted if tumors en-
large significantly (causing severe headaches or visual field de-
fects). In the very rare circumstance of no response to the dopa-
mine agonist and worsening vision, transsphenoidal surgery or
delivery (if the pregnancy is far enough advanced) should be
performed.33

Acromegaly (Growth Hormone-Secreting Tumor)

More than 95% of patients with acromegaly have a growth hormone-
producing pituitary adenoma.?* In less than 5% of cases, acro-
megaly may be due to a neuroendocrine tumor producing growth
hormone-releasing hormone.3> The increased secretion of growth
hormone stimulates production of insulin-like growth factor 1(IGF-1)
from the liver and other tissues.3*

Presentation

Growth hormone oversecretion results in systemic complications
(including diabetes mellitus, hypertension, arthritis, carpal tunnel
syndrome, sleep apnea, and enlargement of hands and feet) and
changes in facial features (such as prognathism; tongue, lip, and
nose enlargement; and forehead prominence).>*3® Gigantism
(excessive height) occurs if the growth hormone excess begins
prior to the closure of the epiphyses during puberty.>* Acromegaly
is associated with a 2-fold increase in mortality, primarily due to car-
diovascular disease, that is reversed with therapy that controls the
hormone oversecretion.?” Patients are usually diagnosed when
they present with an acromegaly-associated comorbidity. 3438

Evaluation and Diagnostic Testing
Initial screening consists of measuring an IGF-1 level. An elevated,
age-adjusted IGF-1 level is 90% specific for a growth hormone-
secreting pituitary adenoma.3® Because growth hormone is se-
creted ina pulsatile fashion, a growth hormone level less than 10 pg/L
inasingle sampleis not diagnostic. If clinical signs are equivocal and
the IGF-1levelis not very high, an oral glucose tolerance test should
be performed to demonstrate that growth hormone levels cannot
be suppressed to less than 1pg/L by hyperglycemia.>® An MRI should
next be performed to assess tumor size and invasiveness. About two-
thirds of growth hormone-secreting tumors are macroadenomas.*
Any morbidities due to the elevated growth hormone level, such
as diabetes and hypertension need to be treated appropriately.3®
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Box. Etiologies of Hyperprolactinemia

Pituitary disease
Prolactinomas

Acromegaly

Empty sella syndrome
Lymphocytic hypophysitis
Cushing disease
Hypothalamic disease
Craniopharyngiomas
Meningiomas
Dysgerminomas
Nonsecreting pituitary adenomas
Other tumors

Sarcoidosis

Langerhans cell histiocytosis
Neuraxis irradiation
Vascular

Pituitary stalk section
Medications

Phenothiazines

Haloperidol

Atypical antipsychotics
Monoamine-oxidase inhibitors
Tricyclic antidepressants
Reserpine

Methyldopa
Metoclopramide

Verapamil

Serotonin reuptake inhibitors
Neurogenic

Chest wall lesions

Spinal cord lesions

Nipple stimulation

Other

Pregnancy

Hypothyroidism

Chronic kidney disease
Cirrhosis

Pseudocyesis

Adrenal insufficiency

Thereis anincreased risk for colon neoplasia (odds ratios [ORs]: hy-
perplastic polyps, 3.7; colon adenomas, 2.537; colon cancer, 4.351)
and a colonoscopy should be performed around the time of
diagnosis.>*° There can be cardiac valvular disease and rarely an
acromegalic cardiomyopathy, so an echocardiogram may be
helpful.36-38 Sleep apnea is common and appropriate assessment
and treatment can be helpful 3638 There are also increased risks of
thyroid nodules (OR, 3.6) and thyroid cancer (OR, 7.9) among people
with acromegaly, so a thyroid ultrasound may also be helpful.#!
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Table 2. Medications Used for the Treatment of Pituitary Adenomas

Patients
Achieving
Hormonal
Medication Dose Drug Class Control, %*  Adverse Effects
Prolactin-Secreting Tumor?3-2%:27
Bromocriptine 2.5-7.5 mg/d Dopamine agonist 60-80 Nausea, vomiting, constipation, dizziness, headache,
compulsive behavior
Cabergoline 0.5-2.0 mg/wk Dopamine agonist 80-90 Nausea, vomiting, constipation, dizziness, headache, compulsive
behavior, cardiac valve disorders (high doses [>2mg/wk])
Growth Hormone-Secreting Tumor (Acromegaly)3#-38:42.45-53
Cabergoline 0.5-2.0 mg/wk Dopamine agonist 32 Nausea, vomiting, constipation, dizziness, headache,
compulsive behavior
Octreotide LAR 10-30 mg/mo Somatostatin analog 20-35 Abdominal cramps, flatulence, diarrhea, gall bladder stones
and sludge, alopecia
Lanreotide depot  60-120 mg/mo Somatostatin analog 20-35 Abdominal cramps, flatulence, diarrhea, gall bladder stones
and sludge, alopecia
Pasireotide LAR 20-60 mg/mo Somatostatin analog 30-40 Abdominal cramps, flatulence, diarrhea, gall bladder stones
and sludge, alopecia, worsening of diabetes
Pegvisomant 10-20 mg/d Growth hormone receptor blocker 63-90 Hepatotoxicity, nausea, diarrhea
Adrenocorticotropic Hormone-Secreting Tumor (Cushing Disease)>*-64
Ketoconazole 200-1200 mg/d Enzyme inhibitor 49 Hepatotoxicity, nausea, dizziness, diarrhea, rash, hypogonadism
in men
Cabergoline 1-3 mg/wk Dopamine agonist 32 Nausea, vomiting, constipation, dizziness, headache,
compulsive behavior
Mifepristone 300-1200 mg/d Cortisol receptor blocker 60-87° Adrenal insufficiency, hypokalemia, menorrhagia, edema
Pasireotide 600-900 g bid Somatostatin analog 26 Abdominal cramps, flatulence, diarrhea, gall bladder stones
and sludge, alopecia, worsening of diabetes
Etomidate 0.04-0.05 mg/kg/h  Enzyme inhibitor 100 Sedation (avoid overdose [>0.1 mg/kg/h], which will cause
apnea and somnolence)
Metyrapone 500-4000 mg/d Enzyme inhibitor 50-76 Hirsutism, acne, hypokalemia, hypertension
Thyrotropin-Secreting Tumor (Adenomas)®>-¢¢
Octreotide LAR 10-30 mg/mo Somatostatin analog 90 Abdominal cramps, flatulence, diarrhea, gall bladder stones
and sludge, alopecia
Lanreotide depot  60-120 mg/mo Somatostatin analog 90 Abdominal cramps, flatulence, diarrhea, gall bladder stones

and sludge, alopecia

Abbreviations: LAR, long-acting release.

@ Achieving hormonal control was defined as normal prolactin levels for
prolactin-secreting tumors, normal insulin-like growth factor 1levels
(adjusted for age) and growth hormone levels less than 1.0 pg/L for

growth hormone-secreting tumors, normal urinary-free cortisol for
adrenocorticotropic hormone-secreting tumors, and normal thyroxine
and triiodothyronine levels for thyrotropin-secreting tumors.

b Symptomatic control. Cortisol levels cannot be used to assess control.

Treatment
The goals of treatment are first to achieve biochemical control,
defined as a reduction in growth hormone levels to less than 1 pg/L
and IGF-1 levels to the normal age-adjusted range, which eliminates
the excess mortality and reduces the morbidity of acromegaly and
also to reduce or eliminate tumor mass.38 Transsphenoidal surgery
is recommended as primary therapy.3® Expert pituitary neurosur-
geons can achieve these therapeutic goals in 80% to 90% of
patients with microadenomas and 40% to 60% of those with
macroadenomas.>®#243 The 5-year recurrence rate is approxi-
mately 2% to 8%.3® Repeat IGF-1 levels and growth hormone levels
during an oral glucose tolerance test should be obtained about 12
weeks following surgery, along with an MRI to assess the changes
in tumor size.3®

Arepeat surgery to remove more tumor tissue can result in bio-
chemical control in about 50% of patients.34* Cabergoline can
achieve biochemical controlin about one-third of patients with mild
elevations of growth hormone and IGF-1 levels (Table 2).4> The
somatostatin analogues octreotide long-acting release and lanreo-
tide depot can achieve biochemical control in 20% to 35%
of patients.384%-4° Cabergoline added to somatostatin analogues
can further improve therapeutic success in 52% of patients.**

JAMA February 7,2017 Volume 317, Number 5

Pasireotide has greater efficacy than octreotide and can be tried if
the response to octreotide is poor.*® Adverse effects of somatosta-
tin analogues include gallbladder stones and sludge, abdominal
cramps, flatulence, and diarrhea.® In addition, pasireotide causes
a worsening of glucose tolerance and diabetes in 50% to 70% of
patients.*® Pegvisomant, a growth hormone receptor antagonist,
normalizes IGF-1levels in 60% to 80% of patients.>®" It does not
have any direct effects on the tumor to reduce growth hormone lev-
els or tumor size.>°! Pegvisomant can be used alone or in combi-
nation with somatostatin analogues®2 and cabergoline.>*

Cushing Disease (ACTH-Secreting Tumor)

Hypercortisolism (Cushing syndrome) can be due to ACTH produc-
tion by a pituitary adenoma (Cushing disease); ectopic production
of ACTH or corticotropin-releasing hormone by neuroendocrine neo-
plasms; or ACTH-independent cortisol overproduction by adrenal
adenomas and adrenal carcinomas; or exogenous glucocorticoids.®”
An ACTH-producing adenoma is the cause in about 65% to 70% of
cases.®” Cushing syndrome is associated with a 2- to 5-fold in-
crease in mortality®® that is largely reversed with curative treat-
ment although substantial morbidity related to the diabetes and car-
diovascular disease may persist.®®
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Presentation

Patients generally present with Tor more comorbidities associated
with hypercortisolism (including weight gain, redistribution of fat re-
sultingin centripetal obesity and increased supraclavicular and dor-
socervical fat pads, facial rounding and plethora, violaceous skin striae
and ecchymoses, diabetes mellitus, hypertension, mood disorders
[especially depression], and osteoporosis).®”

Evaluation and Diagnostic Testing
The initial step is to confirm that hypercortisolism is present, after
excluding exogenous steroid use.®® The test with the best sensitiv-
ity and specificity (92%-100% for each) is the late-night salivary
cortisol level,®*7° which is elevated because the marked diurnal
variation in ACTH and cortisol secretion is lost with Cushing
syndrome. An overnight 1 mg dexamethasone test has 95% sensi-
tivity and 80% specificity when using a cortisol cutoff of 1.8 pg/dL
(to convert to nmol/L, multiply by 27.588).6° Women receiving oral
estrogens may have increased corticosteroid-binding globulin lev-
els and total cortisol levels above that threshold, yielding false-
positive results.®® The 24-hour urinary-free cortisol measurement
has lower sensitivity and specificity and false-positive results may
be seen with high fluid intake and urine output, depression, exces-
sive alcohol intake, and other conditions.®® Often more than 1 test
is done to establish that hypercortisolism is present.®®

The next step is to determine the etiology of the hypercorti-
solism. ACTH levels are low if there is autonomous production
by the adrenal gland and the levels are not suppressed or even el-
evated if a pituitary tumor or ectopic ACTH or corticotropin-
releasing hormone production is the cause. More than 80% of
ACTH-secreting pituitary adenomas are microadenomas, and the
MRI may be normal in up to 50% of cases.®” In some cases, to dif-
ferentiate between a pituitary vs an ectopic source of ACTH,
inferior petrosal sinus sampling is done, in which catheters are
threaded up to the petrosal sinuses that drain the pituitary venous
system. ACTH levels are measured from each petrosal sinus and pe-
ripherally before and after stimulation with corticotropin-releasing
hormone to look for a 3-fold central step-up, which indicates
Cushing disease.®°7°

Treatment
Transsphenoidal surgery is the initial preferred treatment for
patients with Cushing disease caused by pituitary adenomas with
cure rates in the 80% to 90% range by expert pituitary surgeons
and a recurrence rate of 10% to 20%.>*7"72 If patients are not
cured, then options include repeat surgery, associated with a 50%
success rate,”> medical therapy, pituitary irradiation, or bilateral
adrenalectomy.”® Irradiation may take 2 to 5 years to be effective™
and medical therapy would be required to bring the hypercorti-
solemic state under control to improve morbidity and mortality.
Medical therapy can be directed at the adrenal glands, at
the pituitary tumor, and at the glucocorticoid receptor in periph-
eral tissues (Figure 2).5® Ketoconazole blocks several steps in
cortisol synthesis, resulting in a normalization of cortisol levels
in about 50% of patients (Table 2).5” In 2013, the FDA specified
a "black box warning" regarding liver toxicity with ketoconazole
use.” The risk for acute liver failure with ketoconazole is only 2.9
per 1000 patient-years.”® Cabergoline can normalize cortisol lev-
els in about one-third of patients with Cushing disease.>® Neither
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Figure 2. Sites of Action for the Various Medications Used
for the Treatment of Cushing Disease

Hypothalamus
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CRH indicates corticotropin-releasing hormone; ACTH, adrenocorticotropic
hormone; GR, glucocorticoid receptor.

ketoconazole nor cabergoline have FDA indications for this use.>®
Pasireotide acts on somatostatin receptors on corticotroph adeno-
mas and was able to normalize cortisol levels in 19% of patients but
also caused a worsening of glucose tolerance in 73%.° Mifepris-
tone, a progesterone receptor antagonist and abortifacient
(RU-486), is also a glucocorticoid receptor antagonist that im-
proves glucose tolerance, body weight, and quality of life.6°
Menorrhagia may occur due to endometrial hyperplasia.®¢' Moni-
toring of mifepristone treatment can be difficult because ACTH and
cortisol levels increase rather than decrease and overdosing caus-
ing adrenal insufficiency can occur. If severe adrenal insufficiency
occurs, large doses of dexamethasone (10 mg) may be necessary be-
cause of the receptor blockade.®'

Metyrapone inhibits the enzyme that converts 11-deoxycorti-
sol to cortisol and can control cortisol levels in 50% to 76% of
patients.®? Mitotane is an adrenolytic agent and is used to treat ad-
renal cancer®3; in patients with ACTH-secreting adenomas, normal
urine-free cortisol levels can be achieved in 57% but gastrointesti-
nal and neurologic adverse effects are very common.®> Etomidate,
an anesthetic agent, blocks several steps in cortisol synthesis and
is given intravenously for the treatment of severe hypercorti-
solemiain the critically ill patient.®* Combinations of some of these
medications can be effective in small numbers of patients not re-
sponsive to single agents.>®

Another therapeutic option is bilateral, laparoscopic adrenal-
ectomy, which offers the benefit of immediate cessation of hyper-
cortisolism. However, this results in life-long adrenal insufficiency
and a’50% risk of pituitary tumor enlargement (Nelson syndrome).>®

Thyrotropin-secreting adenomas comprise less than 1% of pi-
tuitary adenomas*®"" and present as clinical hyperthyroidism, in-
cluding a goiter, with laboratory testing revealing elevated thyrox-
ine and triiodothyronine levels but a normal or elevated thyrotropin
level instead of the usual suppressed thyrotropin level seen with au-
tonomous thyroid disease (such as Graves disease).®>¢® Most
thyrotropin-secreting adenomas are macroadenomas and about
25% co-secrete growth hormone or prolactin.®® Transsphenoidal sur-
gery is carried out after medical treatment with antithyroid agents
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(such as methimazole and propylthiouracil) have rendered the pa-
tient euthyroid.®>°® Patients not cured by surgery can be treated
with somatostatin analogs (which can normalize thyrotropin and thy-
roid hormone levels in more than 90% of patients and tumor size
reduction in more than 40% of patients) and by irradiation.5>5¢

Clinically Nonfunctioning Adenomas

Clinically nonfunctioning adenomas (defined as no secretion of ex-
cess hormones) comprise about one-third of pituitary adenomas*®™
and range from being completely asymptomatic (and therefore de-
tected as incidental findings [incidentalomas] on MRI or computed
tomography scans performed for other reasons) to causing signifi-
cant hypothalamic or pituitary dysfunction and visual or other symp-
toms due to their large size."”®77 In the 9 series that reported 454
patients with pituitary incidentalomas,”®8¢ 304 patients (67%) had
macroadenomas. This is in sharp contrast to autopsy data, which
show that macroadenomas comprise less than 1% of incidental tu-
mors at autopsy, suggesting that there may be some connection be-
tween the presence of an “incidental” macroadenoma and the symp-
tom(s) that caused the MRI to be done.

Presentation

Most patients with clinically nonfunctioning adenomas present with
symptoms of mass effect, such as headaches, visual field defects,
ophthalmoplegias, and hypopituitarism." By definition, pituitary in-
cidentalomas do not present with symptoms due to the tumor. Most
incidentalomas do not grow over time. In the 9 series”®8® plus pa-
tients from 2 additional series with patients with clinically nonfunc-
tioning adenomas that were not treated surgically,%”22 of 166 pa-
tients with microadenomas, only 17 patients (10%) experienced
tumor growth and of the 356 patients with macroadenomas, only
86 patients (24%) showed evidence of tumor enlargement, on fol-
low-up MRI scans over an 8-year period.! Tumor volume-doubling
periods range from 0.8 to 27.2 years,®° emphasizing the tremen-
dous variability in tumor rates of growth.

Evaluation and Diagnostic Testing

Patients who have pituitary incidentalomas should be evaluated
for hormone oversecretion by the methods discussed for each
specific tumor type. If oversecretion is found, treatment should
be instituted as appropriate.”®”” All patients with clinically non-
functioning adenomas that are macroadenomas and larger micro-
adenomas (eg, =6 mm), whether symptomatic or incidental,
should be evaluated for hypopituitarism.”®°° Hyperprolactinemia
may occur because of pituitary stalk dysfunction. Visual field
testing is indicated when the MRI shows the tumor abutting the
optic chiasm.

Treatment

Transsphenoidal resection usually is recommended for patients with
enlarging tumors or tumors symptomatic with mass effects."”” Reso-
lution of Tor more hormonal deficits by surgery can be expected in
15% to 50% of patients with resolution of hyperprolactinemia in
more than two-thirds of patients.' Conversely, surgery may induce
an additional loss of 1or more pituitary hormones when they were
normal preoperatively in 2% to 15% of patients." Postoperative MRIs
done at 3 months and then yearly will assess for residual tumors and
regrowth of any tumor remnants.””
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Radiotherapy as primary therapy is rarely done and mainly re-
stricted to those patients who would not be able to tolerate sur-
gery. More commonly, radiotherapy is given as adjunctive therapy
postoperatively when residual tumor is present on MRI. Outcome
datashow that tumor regrowth for those patients with no visible tu-
mor on postoperative MRI, occurred in 7.1% who received routine
conventional radiotherapy and in 14% who did not receive routine
radiotherapy. For those who had visible tumor on postoperative
MRI, 11.2% who received routine conventional radiotherapy and
50.1% who did not receive routine radiotherapy experienced growth
of tumor remnants." In a review summarizing 28 series in which
904 patients with clinically nonfunctioning adenomas were treated
with newer stereotactic techniques, tumor growth was controlled
in 88% to 97%, but this was only over a 4-year period.®’

Only 10% of people with incidentalomas that are microadeno-
mas experience tumor growth. Therefore, surgical resection is gen-
erally not indicated, and yearly repeat scanning for 2 to 3 years to
detect tumor enlargement should be performed; subsequently this
can be done at less-frequent intervals, based on expert opinion.”®
Surgery is done only for significant tumor enlargement.”®”” Inci-
dentalomas of 1 cm or more in diameter have already indicated a
propensity for growth. Visual field defects and severe headaches
are indications for surgery, and hypopituitarism is a relative indica-
tion for surgery.”®”” If a tumor is found to abut the optic chiasm,
even though testing shows normal visual fields, consideration
should be given to surgery,”® but, if surgery is not done, visual
fields should be monitored at 6-month to 12-month intervals.”®”” A
completely asymptomatic macroadenoma can be followed with
repeat yearly scans, surgery being deferred unless there is evi-
dence of tumor growth.”® Hemorrhage into these tumors is
uncommon but anticoagulation may predispose patients to this
complication.”® Dopamine agonists have been shown to decrease
tumor growth in some series.9293

.|
Discussion

About one-half of pituitary tumors that present clinically are
macroadenomas,*°™" and these patients should have a careful evalu-
ation for hypopituitarism and assessment for visual field defects if
the tumor abuts the optic chiasm. For hormone-secreting adeno-
mas, other causes of elevated hormone levels must be excluded and
then specific testing should be done to document autonomous tu-
mor hormone production. Dopamine agonists are the initial treat-
ment for patients with prolactinomas.?32° They are highly effec-
tive in normalizing prolactin levels and reducing tumor size.?>2 For
all other hormone-secreting or nonfunctioning macroadenomas,
transsphenoidal selective adenoma resection by an expert pitu-
itary neurosurgeon is recommended as the initial treatment. 38477
For patients in remission following surgery, continued surveillance
with MRI scans and hormone levels should be carried out to detect
tumor recurrence or regrowth for up to 20 years following surgery.
For those not in remission after surgery, medical therapies should
be prescribed that are directed at the tumor, the major target or-
gan (the adrenal gland in Cushing disease), or at hormone recep-
tors that are specific to the tumor type.38>*77 rradiation should be
reserved for patients whose tumors, hormone levels, or both are not
controlled by surgery and medical treatment.2>-38:5477
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Although genetic mutations are associated with some tumor
types, the pathogenesis of more than 95% of tumors is still
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Conclusions

unknown. As more mutations are identified along with a better

understanding of tumorigenesis, additional medical treatments
may be developed targeting specific stages of tumor development.
Although a number of medical treatments have been developed for
many of the adenomas, there are very few head-to-head compari-
sons of therapeutic efficacy in randomized clinical trials and such

trials are needed.

ARTICLE INFORMATION

Conflict of Interest Disclosures: Dr Molitch has
completed and submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest. He
reports having received research grant support
from Novartis, Ipsen, Corcept, and Chiasma and has
received honoraria for consultations from Novartis,
Ipsen, Corcept, Chiasma, and Pfizer.

Submissions: We encourage authors to submit
papers for consideration as a Review. Please
contact Edward Livingston, MD, at Edward
livingston@jamanetwork.org or Mary McGrae
McDermott, MD, at mdm608@northwestern.edu.

REFERENCES

1. Molitch ME. Nonfunctioning pituitary tumors.
Handb Clin Neurol. 2014;124:167-184.

2. Hall WA, Luciano MG, Doppman JL, Patronas NJ,
Oldfield EH. Pituitary magnetic resonance imaging
in normal human volunteers. Ann Intern Med. 1994
120(10):817-820.

3. Famini P, Maya MM, Melmed S. Pituitary
magnetic resonance imaging for sellar and
parasellar masses. J Clin Endocrinol Metab. 2011;96
(6):1633-1641.

4. Daly AF, Rixhon M, Adam C, Dempegioti A,
Tichomirowa MA, Beckers A. High prevalence of
pituitary adenomas. J Clin Endocrinol Metab. 2006;
91(12):4769-4775.

5. United States Food and Drug Administration.
FDA drug safety communication. http://www.fda
.gov/downloads/Drugs/DrugSafety/UCM362444
.pdf. Accessed January 4, 2017.

6. Fontana E, Gaillard R. Epidémiologie des

adénomes hypophysaires [in French]. Rev Med Suisse.

2009;5(223):2172-2174.

7. Fernandez A, Karavitaki N, Wass JA. Prevalence
of pituitary adenomas. Clin Endocrinol (Oxf). 2010;
72(3):377-382.

8. Raappana A, Koivukangas J, Ebeling T, Pirila T.
Incidence of pituitary adenomas in Northern
Finland in 1992-2007. J Clin Endocrinol Metab.
2010;95(9):4268-4275.

9. Gruppetta M, Mercieca C, Vassallo J. Prevalence
and incidence of pituitary adenomas: a population
based study in Malta. Pituitary. 2013;16(4):545-553.

10. Tjérnstrand A, Gunnarsson K, Evert M, et al.
The incidence rate of pituitary adenomas in
western Sweden for the period 2001-2011. Eur J
Endocrinol. 2014;171(4):519-526.

11. Agustsson TT, Baldvinsdottir T, Jonasson JG,

et al. The epidemiology of pituitary adenomas in
Iceland, 1955-2012: a nationwide population-based
study. Eur J Endocrinol. 2015;173(5):655-664.

jama.com

cured by surgery.

12. Raverot G, Jouanneau E, Trouillas J.

Management of endocrine disease. Eur J Endocrinol.

2014170(4):R121-R132.

13. Buchfelder M, Schlaffer S. Imaging of pituitary
pathology. Handb Clin Neurol. 2014;124:151-166.

14. Cooper O, Melmed S. Subclinical
hyperfunctioning pituitary adenomas. Best Pract
Res Clin Endocrinol Metab. 2012;26(4):447-460.

15. Melmed S. Pathogenesis of pituitary tumors.
Nat Rev Endocrinol. 2011;7(5):257-266.

16. Swearingen B. Update on pituitary surgery.
J Clin Endocrinol Metab. 2012;97(4):1073-1081.

17. Ammirati M, Wei L, Ciric . Short-term outcome
of endoscopic vs microscopic pituitary adenoma
surgery: a systematic review and meta-analysis.

J Neurol Neurosurg Psychiatry. 2013;84(8):843-849.

18. Ciricl, Ragin A, Baumgartner C, Pierce D.
Complications of transsphenoidal surgery.
Neurosurgery.1997;40(2):225-236.

19. Barker FG II, Klibanski A, Swearingen B.
Transsphenoidal surgery for pituitary tumors in the
United States, 1996-2000. J Clin Endocrinol Metab.
2003;88(10):4709-4719.

20. Cote DJ, Alzarea A, Acosta MA, et al. Predictors
and rates of delayed symptomatic hyponatremia
after transsphenoidal surgery: a systematic review.
World Neurosurg. 2016;88:1-6.

21. Loeffler JS, Shih HA. Radiation therapy in the
management of pituitary adenomas. J Clin
Endocrinol Metab. 2011;96(7):1992-2003.

22. Ding D, Starke RM, Sheehan JP. Treatment
paradigms for pituitary adenomas. J Neurooncol.
2014;117(3):445-457.

23. Gillam MP, Molitch ME, Lombardi G, Colao A.
Advances in the treatment of prolactinomas.
Endocr Rev. 2006;27(5):485-534.

24. Casanueva FF, Molitch ME, Schlechte JA, et al.
Guidelines of the Pituitary Society for the diagnosis
and management of prolactinomas. Clin Endocrinol
(Oxf). 2006;65(2):265-273.

25. Melmed S, Casanueva FF, Hoffman AR, et al;
Endocrine Society. Diagnosis and treatment of
hyperprolactinemia. J Clin Endocrinol Metab. 2011;
96(2):273-288.

26. Karavitaki N, Thanabalasingham G, Shore HC,
et al. Do the limits of serum prolactinin
disconnection hyperprolactinaemia need
re-definition? Clin Endocrinol (Oxf). 2006;65(4):
524-529.

27. Ono M, Miki N, Kawamata T, et al. Prospective
study of high-dose cabergoline treatment of

prolactinomas in 150 patients. J Clin Endocrinol
Metab. 2008;93(12):4721-4727.

28. Delgrange E, Daems T, Verhelst J, Abs R,
Maiter D. Characterization of resistance to the

Patients with pituitary adenomas should be identified at an early
stage so that effective treatment can be implemented. For prolacti-
nomas, initial therapy is generally dopamine agonists. For all
other pituitary adenomas, initial therapy is generally transsphenoi-
dal surgery with medical therapy being reserved for those not

prolactin-lowering effects of cabergoline in
macroprolactinomas: a study in 122 patients. Eur J
Endocrinol. 2009;160(5):747-752.

29. Simonis G, Fuhrmann JT, Strasser RH.
Meta-analysis of heart valve abnormalities in
Parkinson disease patients treated with dopamine
agonists. Mov Disord. 2007;22(13):1936-1942.

30. Valassi E, Klibanski A, Biller BM. Clinical
Review#. J Clin Endocrinol Metab. 2010;95(3):1025-
1033.

31. Molitch ME. Management of medically
refractory prolactinoma. J Neurooncol. 2014:117(3):
421-428.

32. NoronhaS, Stokes V, Karavitaki N, Grossman A.
Treating prolactinomas with dopamine agonists.
Endocrine. 2016;51(2):205-210.

33. Molitch ME. Endocrinology in pregnancy. Eur J
Endocrinol. 2015;172(5):R205-R213.

34. Melmed S. Medical progress: acromegaly.
N Engl J Med. 2006;355(24):2558-2573.

35. Borson-Chazot F, Garby L, Raverot G, Claustrat
F, Raverot V, Sassolas G; GTE group. Acromegaly
induced by ectopic secretion of GHRH. Ann
Endocrinol (Paris). 2012;73(6):497-502.

36. Colao A, Ferone D, Marzullo P, Lombardi G.
Systemic complications of acromegaly. Endocr Rev.
2004;25(1):102-152.

37. Holdaway IM, Bolland MJ, Gamble GD.

A meta-analysis of the effect of lowering serum
levels of GH and IGF-1 on mortality in acromegaly.
Eur J Endocrinol. 2008;159(2):89-95.

38. Katznelson L, Laws ER Jr, Melmed S, et al.
Acromegaly. J Clin Endocrinol Metab. 2014;99(11):
3933-3951.

39. Rokkas T, Pistiolas D, Sechopoulos P,
Margantinis G, Koukoulis G. Risk of colorectal
neoplasm in patients with acromegaly. World J
Gastroenterol. 2008;14(22):3484-3489.

40. Dworakowska D, Gueorguiev M, Kelly P, et al.
Repeated colonoscopic screening of patients with
acromegaly. Eur J Endocrinol. 2010;163(1):21-28.

41. Wolinski K, Czarnywojtek A, Ruchala M. Risk of
thyroid nodular disease and thyroid cancer in
patients with acromegaly—meta-analysis and
systematic review. PLoS One. 2014;9(2):e88787.

42. Abu Dabrh AM, Mohammed K, Asi N, et al.
Surgical interventions and medical treatments in
treatment-naive patients with acromegaly. J Clin
Endocrinol Metab. 2014;99(11):4003-4014.

43. Mercado M, Gonzalez B, Vargas G, et al.
Successful mortality reduction and control of
comorbidities in patients with acromegaly followed
at a highly specialized multidisciplinary clinic. J Clin
Endocrinol Metab. 2014;99(12):4438-4446.

JAMA February 7,2017 Volume 317, Number 5 523

Copyright 2017 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwor k.com/pdfaccess.ashx?ur|=/data/j our nals/jama/936032/ by a University of California - San Diego User on 02/07/2017


mailto:Edward.livingston@jamanetwork.org
mailto:Edward.livingston@jamanetwork.org
mailto:mdm608@northwestern.edu
https://www.ncbi.nlm.nih.gov/pubmed/25248587
https://www.ncbi.nlm.nih.gov/pubmed/8154641
https://www.ncbi.nlm.nih.gov/pubmed/8154641
https://www.ncbi.nlm.nih.gov/pubmed/21470998
https://www.ncbi.nlm.nih.gov/pubmed/21470998
https://www.ncbi.nlm.nih.gov/pubmed/16968795
https://www.ncbi.nlm.nih.gov/pubmed/16968795
http://www.fda.gov/downloads/Drugs/DrugSafety/UCM362444.pdf
http://www.fda.gov/downloads/Drugs/DrugSafety/UCM362444.pdf
http://www.fda.gov/downloads/Drugs/DrugSafety/UCM362444.pdf
https://www.ncbi.nlm.nih.gov/pubmed/19968031
https://www.ncbi.nlm.nih.gov/pubmed/19968031
https://www.ncbi.nlm.nih.gov/pubmed/19650784
https://www.ncbi.nlm.nih.gov/pubmed/19650784
https://www.ncbi.nlm.nih.gov/pubmed/20534753
https://www.ncbi.nlm.nih.gov/pubmed/20534753
https://www.ncbi.nlm.nih.gov/pubmed/23239049
https://www.ncbi.nlm.nih.gov/pubmed/25084775
https://www.ncbi.nlm.nih.gov/pubmed/25084775
https://www.ncbi.nlm.nih.gov/pubmed/26423473
https://www.ncbi.nlm.nih.gov/pubmed/24431196
https://www.ncbi.nlm.nih.gov/pubmed/24431196
https://www.ncbi.nlm.nih.gov/pubmed/25248586
https://www.ncbi.nlm.nih.gov/pubmed/22863387
https://www.ncbi.nlm.nih.gov/pubmed/22863387
https://www.ncbi.nlm.nih.gov/pubmed/21423242
https://www.ncbi.nlm.nih.gov/pubmed/22337908
https://www.ncbi.nlm.nih.gov/pubmed/23243265
https://www.ncbi.nlm.nih.gov/pubmed/9007854
https://www.ncbi.nlm.nih.gov/pubmed/14557445
https://www.ncbi.nlm.nih.gov/pubmed/14557445
https://www.ncbi.nlm.nih.gov/pubmed/27260840
https://www.ncbi.nlm.nih.gov/pubmed/21525155
https://www.ncbi.nlm.nih.gov/pubmed/21525155
https://www.ncbi.nlm.nih.gov/pubmed/24122025
https://www.ncbi.nlm.nih.gov/pubmed/24122025
https://www.ncbi.nlm.nih.gov/pubmed/16705142
https://www.ncbi.nlm.nih.gov/pubmed/16886971
https://www.ncbi.nlm.nih.gov/pubmed/16886971
https://www.ncbi.nlm.nih.gov/pubmed/21296991
https://www.ncbi.nlm.nih.gov/pubmed/21296991
https://www.ncbi.nlm.nih.gov/pubmed/16984247
https://www.ncbi.nlm.nih.gov/pubmed/16984247
https://www.ncbi.nlm.nih.gov/pubmed/18812485
https://www.ncbi.nlm.nih.gov/pubmed/18812485
https://www.ncbi.nlm.nih.gov/pubmed/19223454
https://www.ncbi.nlm.nih.gov/pubmed/19223454
https://www.ncbi.nlm.nih.gov/pubmed/17659636
https://www.ncbi.nlm.nih.gov/pubmed/20130078
https://www.ncbi.nlm.nih.gov/pubmed/20130078
https://www.ncbi.nlm.nih.gov/pubmed/24146188
https://www.ncbi.nlm.nih.gov/pubmed/24146188
https://www.ncbi.nlm.nih.gov/pubmed/26336835
https://www.ncbi.nlm.nih.gov/pubmed/25805896
https://www.ncbi.nlm.nih.gov/pubmed/25805896
https://www.ncbi.nlm.nih.gov/pubmed/17167139
https://www.ncbi.nlm.nih.gov/pubmed/23122576
https://www.ncbi.nlm.nih.gov/pubmed/23122576
https://www.ncbi.nlm.nih.gov/pubmed/14769829
https://www.ncbi.nlm.nih.gov/pubmed/14769829
https://www.ncbi.nlm.nih.gov/pubmed/18524797
https://www.ncbi.nlm.nih.gov/pubmed/25356808
https://www.ncbi.nlm.nih.gov/pubmed/25356808
https://www.ncbi.nlm.nih.gov/pubmed/18567075
https://www.ncbi.nlm.nih.gov/pubmed/18567075
https://www.ncbi.nlm.nih.gov/pubmed/20435617
https://www.ncbi.nlm.nih.gov/pubmed/24551163
https://www.ncbi.nlm.nih.gov/pubmed/25356809
https://www.ncbi.nlm.nih.gov/pubmed/25356809
https://www.ncbi.nlm.nih.gov/pubmed/25210882
https://www.ncbi.nlm.nih.gov/pubmed/25210882
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2016.19699

524

Clinical Review & Education Review

44. Wilson TJ, McKean EL, Barkan AL, Chandler
WF, Sullivan SE. Repeat endoscopic
transsphenoidal surgery for acromegaly: remission
and complications. Pituitary. 2013;16(4):459-464.

45. Sandret L, Maison P, Chanson P. Place of
cabergoline in acromegaly: a meta-analysis. J Clin
Endocrinol Metab. 2011;96(5):1327-1335.

46. Mercado M, Borges F, BouterfaH, et al.

A prospective, multicentre study to investigate the
efficacy, safety and tolerability of octreotide LAR
(long-acting repeatable octreotide) in the primary
therapy of patients with acromegaly. Clin Endocrinol
(Oxf). 2007:66(6):859-868.

47. Melmed S, Cook D, Schopohl J, Goth MI, Lam
KS., Marek J. Rapid and sustained reduction of
serum growth hormone and insulin-like growth
factor-1in patients with acromegaly receiving
lanreotide Autogel therapy. Pituitary. 2010;13(1):18-
28.

48. Colao A, Bronstein MD, Freda P, et al.
Pasireotide versus octreotide in acromegaly. J Clin
Endocrinol Metab. 2014;99(3):791-799.

49. Salvatori R, Woodmansee WW, Molitch M,
Gordon MB, Lomax KG. Lanreotide
extended-release aqueous-gel formulation, injected
by patient, partner or healthcare provider in
patients with acromegaly in the United States.
Pituitary. 2014;17(1):13-21.

50. Muller AF, Kopchick JJ, Flyvbjerg A,
van der Lely AJ. Clinical review 166. J Clin
Endocrinol Metab. 2004;89(4):1503-1511.

51. vander Lely AJ, Biller BM, Brue T, et al.
Long-term safety of pegvisomant in patients with
acromegaly. J Clin Endocrinol Metab. 2012;97(5):
1589-1597.

52. Neggers SJ, de Herder WW, Feelders RA,

van der Lely AJ. Conversion of daily pegvisomant to
weekly pegvisomant combined with long-acting
somatostatin analogs, in controlled acromegaly
patients. Pituitary. 2011;,14(3):253-258.

53. Bernabeu |, Alvarez-Escold C, Paniagua AE,
et al. Pegvisomant and cabergoline combination
therapy in acromegaly. Pituitary. 2013;16(1):101-108.

54. Nieman LK, Biller BM, Findling JW, et al.
Treatment of Cushing syndrome. J Clin Endocrinol
Metab. 2015;100(8):2807-2831.

55. Bertagna X, Guignat L. Approach to the
Cushing disease patient with persistent/recurrent
hypercortisolism after pituitary surgery. J Clin
Endocrinol Metab. 2013;98(4):1307-1318.

56. Molitch ME. Current approaches to the
pharmacological management of Cushing disease.
Mol Cell Endocrinol. 2015;408(6):185-189.

57. Castinetti F, Guignat L, Giraud P, et al.
Ketoconazole in Cushing disease: is it worth a try?
J Clin Endocrinol Metab. 2014;99(5):1623-1630.

58. VilarL, Naves LA, Azevedo MF, et al.
Effectiveness of cabergoline in monotherapy and
combined with ketoconazole in the management of
Cushing disease. Pituitary. 2010;13(2):123-129.

59. Colao A, Petersenn S, Newell-Price J, et al.
A 12-month phase 3 study of pasireotide in Cushing
disease. N EnglJ Med. 2012;366(10):914-924.

60. Fleseriu M, Biller BMK, Findling JW, Molitch
ME, Schteingart DE, Gross C; SEISMIC Study
Investigators. Mifepristone, a glucocorticoid

JAMA February7,2017 Volume 317, Number 5

receptor antagonist, produces clinical and
metabolic benefits in patients with Cushing
syndrome. J Clin Endocrinol Metab. 2012;97(6):
2039-2049.

61. Fleseriu M, Molitch ME, Gross C, Schteingart
DE, Vaughan TB I, Biller BM. A new therapeutic
approach in the medical treatment of Cushing
syndrome. Endocr Pract. 2013;19(2):313-326.

62. Daniel E, Aylwin S, Mustafa O, et al.
Effectiveness of metyrapone in treating Cushing
syndrome. J Clin Endocrinol Metab. 2015;100(11):
4146-4154.

63. Baudry C, Coste J, Bou Khalil R, et al. Efficiency
and tolerance of mitotane in Cushing disease in 76
patients from a single center. Eur J Endocrinol. 2012;
167(4):473-481.

64. Preda VA, Sen J, Karavitaki N, Grossman AB.
Etomidate in the management of hypercortisolaemia
in Cushing syndrome: a review. Eur J Endocrinol.
2012;167(2):137-143.

65. Beck-Peccoz P, Lania A, Beckers A, Chatterjee
K, Wemeau JL. 2013 European thyroid association
guidelines for the diagnosis and treatment of
thyrotropin-secreting pituitary tumors. Eur Thyroid
J.2013;2(2):76-82.

66. Amlashi FG, Tritos NA. Thyrotropin-secreting

pituitary adenomas. Endocrine. 2016;52(3):427-440.

67. Pivonello R, Isidori AM, De Martino MC,
Newell-Price J, Biller BMK, Colao A. Complications
of Cushing syndrome: state of the art. Lancet
Diabetes Endocrinol. 2016;4(7):611-629.

68. Clayton RN, Jones PW, Reulen RC, et al.
Mortality in patients with Cushing disease more
than 10 years after remission. Lancet Diabetes
Endocrinol. 2016;4(7):569-576.

69. Nieman LK, Biller BM, Findling JW, et al.
The diagnosis of Cushing syndrome. J Clin
Endocrinol Metab. 2008;93(5):1526-1540.

70. Raff H. Cushing syndrome: update on testing.
Endocrinol Metab Clin North Am. 2015;44(1):43-50.

71. Petersenn S, Beckers A, Ferone D, et al. Therapy
of endocrine disease. Eur J Endocrinol. 2015;172(6):
R227-R239.

72. Patil CG, Prevedello DM, Lad SP, et al. Late
recurrences of Cushing disease after initial
successful transsphenoidal surgery. J Clin
Endocrinol Metab. 2008;93(2):358-362.

73. Ram Z, Nieman LK, Cutler GB Jr, Chrousos GP,
Doppman JL, Oldfield EH. Early repeat surgery for
persistent Cushing disease. J Neurosurg. 1994;80
(1):37-45.

74. Starke RM, Williams BJ, Vance ML, Sheehan JP.
Radiation therapy and stereotactic radiosurgery for
the treatment of Cushing disease: an
evidence-based review. Curr Opin Endocrinol
Diabetes Obes. 2010;17(4):356-364.

75. Lo Re VI, Carbonari DM, Lewis JD, et al. Oral
azole antifungal medications and risk of acute liver
injury, overall and by chronic liver disease status.
Am J Med. 2016;129(3):283-91.e5.

76. Freda PU, Beckers AM, Katznelson L, et al;
Endocrine Society. Pituitary incidentaloma. J Clin
Endocrinol Metab. 2011;96(4):894-904.

77. Chanson P, Raverot G, Castinetti F,
Cortet-Rudelli C, Galland F, Salenave S; French

Diagnosis and Treatment of Pituitary Adenomas

Endocrinology Society non-functioning pituitary
adenoma work-group. Management of clinically
nonfunctioning pituitary adenoma. Ann Endocrinol
(Paris). 2015;76(3):239-247.

78. Reincke M, Allolio B, Saeger W, Menzel J,
Winkelmann W. The “incidentaloma” of the pituitary
gland. JAMA.1990;263(20):2772-2776.

79. Donovan LE, Corenblum B. The natural history
of the pituitary incidentaloma. Arch Intern Med.
1995;155(2):181-183.

80. Nishizawa S, Ohta S, Yokoyama T, Uemura K.
Therapeutic strategy for incidentally found pituitary
tumors (“pituitary incidentalomas”). Neurosurgery.
1998;43(6):1344-1348.

81. Feldkamp J, Santen R, Harms E, Aulich A,
Maodder U, Scherbaum WA. Incidentally discovered
pituitary lesions. Clin Endocrinol (Oxf). 1999;51(1):
109-113.

82. Igarashi T, Saeki N, Yamaura A. Long-term
magnetic resonance imaging follow-up of
asymptomatic sellar tumors—their natural history
and surgical indications. Neurol Med Chir (Tokyo).
1999;39(8):592-598.

83. Sanno N, Oyama K, Tahara S, Teramoto A, Kato
Y. A survey of pituitary incidentaloma in Japan. Eur J
Endocrinol. 2003;149(2):123-127.

84. Fainstein Day P, Guitelman M, Artese R, et al.
Retrospective multicentric study of pituitary
incidentalomas [correction appears in Pituitary.
2011 Jun;14(2):198]. Pituitary. 2004,7(3):145-148.

85. Arita K, Tominaga A, Sugiyama K, et al. Natural
course of incidentally found nonfunctioning
pituitary adenoma, with special reference to
pituitary apoplexy during follow-up examination.

J Neurosurg. 2006;104(6):884-891.

86. Anagnostis P, Adamidou F, Polyzos SA,
Efstathiadou Z, Panagiotou A, Kita M. Pituitary
incidentalomas: a single-centre experience. Int J
Clin Pract. 2011;65(2):172-177.

87. Dekkers OM, Hammer S, de Keizer RJ, et al.
The natural course of nonfunctioning pituitary
macroadenomas. Eur J Endocrinol. 2007;156(2):217-
224,

88. Karavitaki N, Collison K, Halliday J, et al.

What is the natural history of nonoperated
nonfunctioning pituitary adenomas? Clin Endocrinol
(Oxf). 2007;67(6):938-943.

89. Honegger J, Zimmermann S, Psaras T, et al.
Growth modelling of nonfunctioning pituitary
adenomas in patients referred for surgery. Eur J
Endocrinol. 2008;158(3):287-294.

90. Cheer K, Trainer PJ. Evaluation of pituitary
function. Handb Clin Neurol. 2014;124:141-149.

91. Kanner AA, Corn BW, Greenman Y.
Radiotherapy of nonfunctioning and gonadotroph
adenomas. Pituitary. 2009;12(1):15-22.

92. Colao A, Di Somma C, Pivonello R, Faggiano A,
Lombardi G, Savastano S. Medical therapy for
clinically nonfunctioning pituitary adenomas.
Endocr Relat Cancer. 2008;15(4):905-915.

93. Vieira Neto L, Wildemberg LE, Moraes AB, et al.
Dopamine receptor subtype 2 expression profile in
nonfunctioning pituitary adenomas and in vivo
response to cabergoline therapy. Clin Endocrinol
(0xf). 2015;82(5):739-746.

jama.com

Copyright 2017 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwor k.com/pdfaccess.ashx?ur|=/data/j our nals/jama/936032/ by a University of California - San Diego User on 02/07/2017


https://www.ncbi.nlm.nih.gov/pubmed/23307479
https://www.ncbi.nlm.nih.gov/pubmed/21325455
https://www.ncbi.nlm.nih.gov/pubmed/21325455
https://www.ncbi.nlm.nih.gov/pubmed/17465997
https://www.ncbi.nlm.nih.gov/pubmed/17465997
https://www.ncbi.nlm.nih.gov/pubmed/19639415
https://www.ncbi.nlm.nih.gov/pubmed/19639415
https://www.ncbi.nlm.nih.gov/pubmed/24423324
https://www.ncbi.nlm.nih.gov/pubmed/24423324
https://www.ncbi.nlm.nih.gov/pubmed/23314980
https://www.ncbi.nlm.nih.gov/pubmed/15070905
https://www.ncbi.nlm.nih.gov/pubmed/15070905
https://www.ncbi.nlm.nih.gov/pubmed/22362824
https://www.ncbi.nlm.nih.gov/pubmed/22362824
https://www.ncbi.nlm.nih.gov/pubmed/21221818
https://www.ncbi.nlm.nih.gov/pubmed/22396133
https://www.ncbi.nlm.nih.gov/pubmed/26222757
https://www.ncbi.nlm.nih.gov/pubmed/26222757
https://www.ncbi.nlm.nih.gov/pubmed/23564942
https://www.ncbi.nlm.nih.gov/pubmed/23564942
https://www.ncbi.nlm.nih.gov/pubmed/25450859
https://www.ncbi.nlm.nih.gov/pubmed/24471573
https://www.ncbi.nlm.nih.gov/pubmed/19943118
https://www.ncbi.nlm.nih.gov/pubmed/22397653
https://www.ncbi.nlm.nih.gov/pubmed/22466348
https://www.ncbi.nlm.nih.gov/pubmed/22466348
https://www.ncbi.nlm.nih.gov/pubmed/23337135
https://www.ncbi.nlm.nih.gov/pubmed/26353009
https://www.ncbi.nlm.nih.gov/pubmed/26353009
https://www.ncbi.nlm.nih.gov/pubmed/22815335
https://www.ncbi.nlm.nih.gov/pubmed/22815335
https://www.ncbi.nlm.nih.gov/pubmed/22577107
https://www.ncbi.nlm.nih.gov/pubmed/22577107
https://www.ncbi.nlm.nih.gov/pubmed/24783044
https://www.ncbi.nlm.nih.gov/pubmed/24783044
https://www.ncbi.nlm.nih.gov/pubmed/26792794
https://www.ncbi.nlm.nih.gov/pubmed/27177728
https://www.ncbi.nlm.nih.gov/pubmed/27177728
https://www.ncbi.nlm.nih.gov/pubmed/27265184
https://www.ncbi.nlm.nih.gov/pubmed/27265184
https://www.ncbi.nlm.nih.gov/pubmed/18334580
https://www.ncbi.nlm.nih.gov/pubmed/18334580
https://www.ncbi.nlm.nih.gov/pubmed/25732641
https://www.ncbi.nlm.nih.gov/pubmed/25599709
https://www.ncbi.nlm.nih.gov/pubmed/25599709
https://www.ncbi.nlm.nih.gov/pubmed/18056770
https://www.ncbi.nlm.nih.gov/pubmed/18056770
https://www.ncbi.nlm.nih.gov/pubmed/8271020
https://www.ncbi.nlm.nih.gov/pubmed/8271020
https://www.ncbi.nlm.nih.gov/pubmed/20531182
https://www.ncbi.nlm.nih.gov/pubmed/20531182
https://www.ncbi.nlm.nih.gov/pubmed/26597673
https://www.ncbi.nlm.nih.gov/pubmed/21474686
https://www.ncbi.nlm.nih.gov/pubmed/21474686
https://www.ncbi.nlm.nih.gov/pubmed/26072284
https://www.ncbi.nlm.nih.gov/pubmed/26072284
https://www.ncbi.nlm.nih.gov/pubmed/2332920
https://www.ncbi.nlm.nih.gov/pubmed/7811127
https://www.ncbi.nlm.nih.gov/pubmed/7811127
https://www.ncbi.nlm.nih.gov/pubmed/9848848
https://www.ncbi.nlm.nih.gov/pubmed/9848848
https://www.ncbi.nlm.nih.gov/pubmed/10469480
https://www.ncbi.nlm.nih.gov/pubmed/10469480
https://www.ncbi.nlm.nih.gov/pubmed/10487038
https://www.ncbi.nlm.nih.gov/pubmed/10487038
https://www.ncbi.nlm.nih.gov/pubmed/12887289
https://www.ncbi.nlm.nih.gov/pubmed/12887289
https://www.ncbi.nlm.nih.gov/pubmed/16328565
https://www.ncbi.nlm.nih.gov/pubmed/16776331
https://www.ncbi.nlm.nih.gov/pubmed/21235697
https://www.ncbi.nlm.nih.gov/pubmed/21235697
https://www.ncbi.nlm.nih.gov/pubmed/17287411
https://www.ncbi.nlm.nih.gov/pubmed/17287411
https://www.ncbi.nlm.nih.gov/pubmed/17692109
https://www.ncbi.nlm.nih.gov/pubmed/17692109
https://www.ncbi.nlm.nih.gov/pubmed/18299460
https://www.ncbi.nlm.nih.gov/pubmed/18299460
https://www.ncbi.nlm.nih.gov/pubmed/25248585
https://www.ncbi.nlm.nih.gov/pubmed/18286373
https://www.ncbi.nlm.nih.gov/pubmed/18780796
https://www.ncbi.nlm.nih.gov/pubmed/25418156
https://www.ncbi.nlm.nih.gov/pubmed/25418156
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2016.19699

