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Preface

Endocrinology is a fascinating field of medicine. It is very versatile and
stimulating. Practicing endocrinology promotes our abilities in differen-
tial diagnosis and complex thinking.

This book of endocrinology aims to give the reader an overall and
deep presentation of contemporary endocrine practice. In order to
highlight its practical approach, diseases are presented via endocrine
cases where the questions and pitfalls in diagnosis and treatment are
discussed similar to real life experiences. Moreover, an unconventional
question-answer format is used where the most important features of
the diseases are underlined as questions.

As the book focuses on the practice, that is, symptoms, diagnosis, dif-
ferential diagnosis, and treatment issues related to a wide variety of
endocrine diseases, only minimal theory of endocrinology is included
wherever it aids comprehension. This book is therefore designed for
those who have some basic knowledge in endocrinology.

Practical Clinical Endocrinology is dedicated primarily to adult endo-
crinology; however, some important endocrine diseases from childhood
that are certainly continued to be treated in adults, for example, con-
genital adrenal hyperplasia, are also discussed.

The book is comprised of seven parts along the most important
endocrine organs — Part 1: Diseases of the Pituitary and the Hypothala-
mus; Part 2: Diseases of the Thyroid; Part 3: Diseases of the Parathy-
roid and Metabolic Bone Diseases; Part 4: Diseases of the Adrenal; Part
5: Diseases of the Gonads; Part 6: Neuroendocrine Tumors and Para-
neoplastic Endocrine Syndromes; and Part 7: Multiple Endocrine Neo-
plasia Syndromes. There are 52 chapters in the book that aim to cover
the most common diseases in endocrinology. Apart from the most
important and most common endocrine diseases, many rare but inter-
esting diseases (e.g., hormone resistance syndromes) are also discussed.
In addition to chronic diseases that constitute the major part of endo-
crinology, important emergency conditions and complications such as
thyroid storm, adrenal crisis, and the management of hormone-related
electrolyte disturbances are also discussed.

The book contains 117 figures and 107 tables to facilitate under-
standing.

Who can find this book useful? The book is meant for a broad audi-
ence, but first of all to medical residents in training and preparing for a
board exam in internal medicine and/or endocrinology. Moreover, this
book can also be useful for established specialists in endocrinology or
internal medicine to deepen or refresh their knowledge. The book can
also be interesting to university students, most notably the chapters on
common diseases from which exam questions are frequently prepared.
Some questions from the book can even be asked and therefore be inter-
esting both for students and examiners.




Vi Preface

I do really hope that this book represents a novel way of learning and
refreshing our knowledge in endocrinology and the reader will find it
interesting.

Last but not least, I would like to thank all the authors for their devo-
tion to make this book, which I hope was worth the efforts.

Peter Igaz
Budapest, Hungary
2020
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BA
BAH
PHCG
BHOB
BIPSS
BMAH
BMD
BMI
BWPS

25 hydroxyvitamin D

Adrenaline

Aldosterone to cortisol ratio in adrenal venous
sampling

Atypical carcinoid

Adrenocortical cancer

Angiotensin converting enzyme inhibitor
Adrenocorticotropic hormone/adrenocorticotropin
Androstenedione

Antidiuretic hormone

Attention deficit hyperactivity disorder
Androgen excess

Antral follicle count

Advanced glycosylation end products
Adrenal incidentaloma

Aryl hydrocarbon receptor interacting protein
Androgen insensitivity

Anti-Miillerian hormone

Aldosterone producing adenoma
Autoimmune polyendocrine syndrome
Androgen receptor

Angiotensin receptor blocker
Aldosterone-to-renin ratio
Androgen-secreting tumor

American Thyroid Association

Adrenal venous sampling

Anti-thyroglobulin antibody

Anti thyroid peroxidase antibody

Arginine vasopressin

Adrenal venous sampling

Arginine vasopressin type 2 receptor

Bilateral adrenalectomy

Bilateral adrenal hyperplasia

Human chorionic gonadotropin
B-hydroxy-butyrate

Bilateral inferior petrosal sinus sampling
Bilateral macronodular adrenal hyperplasia
Bone mineral density

Body mass index

Burch-Wartofsky point scale
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CA
CaCrCR
CAH
CAIS
CAPTEM
CAS
CaSR

CD
CECT
coC
CgA
CNS
CPA
CPM
CRH

CS

CSF
CSWS
CT
CYP11B1
CYP11B2
CYP17
CYP21A2

DA
DDAVP
DHEA
DHEAS
DI

DIDMOAD syndrome

DRC
DSD
DST
DT
DTC
DXA
DXM
DxWBS

E2
EBRT
ECFV
ECL
eGFR
ENSAT
EO
EPM
ER
ESE

Catecholamine

Creatinine clearance ratio

Congenital adrenal hyperplasia

Complete androgen insensitivity syndrome
Capecitabine-temozolomide

Clinical activity score (for endocrine orbitopathy)
Calcium-sensing receptor

Cushing’s disease

Contrast-enhanced computed tomography
Combined oral contraceptive

Chromogranin A

Central nervous system

Cyproterone acetate

Central pontine myelinolysis

Corticotropin releasing hormone

Cushing’s syndrome

Cerebrospinal fluid

Cerebral salt wasting syndrome

Computed tomography

Cortisol synthase gene (11p-hydroxylase type 1)
Aldosterone synthase gene (11f-hydroxylase type 2)
17a-hydroxylase/17,20 lyase gene
21-hydroxylase gene

Dopamine

Desmopressin, desamino-8D-arginine vasopressin
Dehydroepiandrosterone
Dehydroepiandrosterone sulfate

Diabetes insipidus

Diabetes insipidus, diabetes mellitus, optic atrophy,
deafness

Direct renin concentration

Disorder of sex development

Dexamethasone suppression test

Doubling time

Differentiated thyroid cancer

Dual-energy X-ray absorptiometry
Dexamethasone

Diagnostic whole-body scan

Estradiol

External beam radiation therapy

Extracellular fluid volume

Enterochromaffin-like

Estimated glomerular filtration rate

European Network for the Study of Adrenal Tumors
Endocrine orbitopathy

Extrapontine myelinolysis

Endoplasmic reticulum

European Society for Endocrinology
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ESR
ETA
ETE
EUS

BFDG-PET-CT

FGF-23
FHA
FHH
FIPA
FNA
FNAB
FNAC
FRAX
FSG
FSH
FT
T4
fT3
FTC

GD
GDM
GERD
GFR
GH
GHRH
GI
GLP-1
GnRH
GRS

HCG

hGR
HDDST
HEENT
HHM
HNPGL
HOMA-index
HPA
HPT-JT
HRT
HSDI11B2
HU

ICSI
ICTP
IFN
IGF-1

Erythrocyte sedimentation rate
European Thyroid Association
extrathyroidal extension
Endoscopic ultrasound

I8Fluoro-deoxyglucose positron emission
computed tomography

Fibroblast growth factor-23
Functional hypothalamic amenorrhea
Familial hypocalciuric hypercalcemia
Familial isolated pituitary adenoma
Fine needle aspiration

Fine needle aspiration biopsy

Fine needle aspiration cytology
Fracture risk assessment tool

Fasting serum gastrin

Follicle stimulating hormone

Free testosterone

Free T4

Free T3

Follicular thyroid cancer

Graves’ disease

Gestational diabetes mellitus
Gastroesophageal reflux disease
Glomerular filtration rate

Growth hormone
Growth-hormone-releasing hormone
Gastrointestinal

Glucagon-like peptide 1
Gonadotropin-releasing hormone
Glucocorticoid resistance syndrome

Human chorionic gonadotropin (=human chorionic
gonadotropin f)

Human glucocorticoid receptor

High-dose dexamethasone suppression test

Head, eyes, ears, nose, and throat examination
Humoral hypercalcemia of malignancy

Head and neck paragangliomas

Homeostasis model assessment of insulin resistance
Hypothalamus—pituitary—adrenal axis
Hyperparathyroidism-jaw tumor syndrome
Hormone replacement therapy

11B-hydroxysteroid dehydrogenase type 2
Hounsfield unit

Intracytoplasmatic sperm injection
Carboxy-terminal telopeptide of type I collagen
Interferon

Insulin-like growth factor 1
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IL-6
IMRT
ITT
1U

LBW
LH
LOH

MACS
MAH
MAIS
MEN
MIBI
MN
MRHE

MRI

MRKH syndrome
mTOR

MTC

NA
NAFLD
NCAH
NEN
NET
NFPA
NMN
NSAID
NSE

ocC
ODS
OGTT

PA
PAC
PAI
PAIS
PC
PCOM
PCOS
PEI
PET-CT
PFS
PGGR
PHPT
POI
POsm

Abbreviations

Interleukin-6
Intensity-modulated radiotherapy
Insulin tolerance test
International unit

Low-birth weight
Luteinizing hormone
Local osteolytic hypercalcemia

Mild autonomous cortisol secretion
Malignancy-associated hypercalcemia

Mild androgen insensitivity

Multiple endocrine neoplasia
Methoxyisobutylisonitrile

Metanephrine

Mineralocorticoid responsible hyponatremia
in the elderly

Magnetic resonance imaging
Mayer-Rokitansky-Kiister-Hauser syndrome
Mechanistic target of rapamycin

Medullary thyroid cancer

Noradrenaline

Non-alcoholic fatty liver disease

Non-classical CAH (congenital adrenal hyperplasia)
Neuroendocrine neoplasm

Neuroendocrine tumor

Non-functional pituitary adenoma
Normetanephrine

Non-steroidal anti-inflammatory drug

Neuron specific enolase

Oral contraceptive
Osmotic demyelination syndrome
Oral glucose tolerance test

Primary aldosteronism

Plasma aldosterone concentration
Primary adrenal insufficiency
Partial androgen insensitivity
Pulmonary carcinoid

Polycystic ovary morphology
Polycystic ovary syndrome
Percutaneous ethanol sclerotherapy

Positron emission tomography — computed tomography

Progression-free survival

Primary generalized glucocorticoid resistance
Primary hyperparathyroidism

Primary ovarian insufficiency

Plasma osmolality



Abbreviations

PPGL
PPI
PPNAD
PPT
PRA
PRRT
PRL
PTC
PTH
PTHrP
PTU

RAAS
RAI
RAIT
RANKL
RECIST
REE
RFA
rhTSH
RT

T3
RTH

SACT
SAI
SCLC
SERM
SGLT2
SHBG
SIAD
SIADH
SIRT
SNA*
SPECT-CT
SRI

SRS

SRY

SSA
SSIR
SSTR
SV-CAH
SW-CAH
SWS

T
T2D
T3
T4

Pheochromocytoma/paraganglioma
Proton pump inhibitor

Primary pigmented nodular adrenal hyperplasia
Postpartum thyroiditis

Plasma renin activity

Peptide receptor radionuclide therapy
Prolactin

Papillary thyroid cancer

Parathyroid hormone

Parathyroid hormone-related protein
Propylthiouracil

Renin-angiotensin-aldosterone system
Radioiodine

Radioiodine therapy

Receptor activator of nuclear factor kappa-beta ligand
Response evaluation criteria in solid tumors
Resting energy expenditure

Radiofrequency ablation

Recombinant human TSH

Radiotherapy

Reverse triiodothyronine

Thyroid hormone resistance

Selective arterial calcium stimulation

Secondary adrenal insufficiency

Small cell lung cancer

Selective estrogen receptor modulators
Sodium-glucose cotransporter 2

Sex hormone binding globulin

Syndrome of inappropriate antidiuresis

Syndrome of inappropriate ADH secretion
Selective internal radiation therapy

Serum Na* concentration

Single photon emission computed tomography
Somatostatin receptor imaging

Stereotactic radiosurgery

Sex determining region of chromosome Y
Somatostatin analogue

Severe insulin resistant syndromes

Somatostatin receptor

Simple virilizing form of congenital adrenal hyperplasia
Salt-wasting form of congenital adrenal hyperplasia
Salt-wasting syndrome

Testosterone

Type 2 diabetes mellitus
Triiodothyronine
Thyroxine
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TACE
TART
TESE
TBG
TC
TFT
Tg
TgAb
TGT
TH
TIRADS
TIH
TKI
TN
TNM
TRAD
TR«
TRp
TRH
TRIAC
TSA
TSH
TSH-oma
TSS
TT

UFC
ULN
UNa*
UOsm
US

VHL
VIP
VTE
VUS
WBS
XGH

ZES

Transarterial chemoembolization
Testicular adrenal rest tissue
Testicular extraction of sperm
Thyroid binding globulin

Typical carcinoid

Thyroid hormone function test
Thyroglobulin

Anti-thyroglobulin antibody
Transient gestational thyrotoxicosis
Thyroid hormone

Thyroid imaging reporting and data systems
Thiazide-induced hyponatremia
Tyrosine kinase inhibitor

Thyroid nodule

Tumors nodes metastases

TSH (thyrotropin) receptor antibody
Thyroid hormone receptor alpha
Thyroid hormone receptor beta
Thyrotropin releasing hormone
Triiodothyroacetic acid
Transsphenoidal adenomectomy
Thyroid stimulating hormone (thyrotropin)
TSH-secreting pituitary adenomas
Transsphenoidal surgery

Total testosterone

Urinary free cortisol

Upper limit of normal
Urine sodium concentration
Urine usmolality
Ultrasound

Von Hippel-Lindau syndrome

Vasoactive intestinal peptide

Venous thromboembolism

Variant of unknown/uncertain significance
Whole body scan

Xanthogranulomatous hypophysitis

Zollinger-Ellison syndrome



Diseases of the
Pituitary and
Hypothalamus

The pituitary gland is the master regulator of the endocrine system.
The anterior lobe of the pituitary secretes prolactin, growth
hormone, and several other very important hormones that regulate
major endocrine organs such as the thyroid, adrenal glands, and the
gonads. The thyroid, adrenal cortex, and gonads are not capable of
hormone secretion on their own, as the stimulating hormones from
the pituitary are essential for their functioning. The pituitary,
however, is not autonomous either since various factors from the
hypothalamus regulate hormone secretion from the anterior
pituitary. The regulatory axes for the thyroid, adrenal cortex, and
gonads thus include three components, for example, hypothalamic-
pituitary-thyroid or hypothalamic-pituitary-adrenal axes. These
axes involve negative feedback regulation, that is, the product of
the peripheral hormone-producing organ (e.g., cortisol from the
adrenal cortex) inhibits the secretion of the respective stimulating
hormones from the hypothalamus (corticotropin releasing
hormone) and pituitary (adrenocorticotropic hormone).

In contrast to the anterior lobe, the posterior lobe of the pituitary does
not produce hormones on its own, but stores the hormones produced
by hypothalamic nuclei (antidiuretic hormone and oxytocin).

Based on the three-level regulation of the hypothalamic-pituitary-
thyroid/adrenal/gonad axes, hormone deficiency due to the
disease of the peripheral hormone-producing organs (thyroid,
adrenal cortex, or gonads) is termed primary insufficiency, whereas
pituitary and hypothalamic insufficiency are termed secondary
and tertiary, respectively.

In this part of the book, the major diseases of the pituitary and
hypothalamus are discussed. The first chapters (» Chaps. , , , ,
and ) present diseases associated with pituitary tumors (and



craniopharyngioma). Pituitary tumors are quite frequent,
representing about 10 % of intracranial neoplasms. Both hormone-
secreting and non-functioning tumors can have major clinical
consequences that are presented in these chapters.

In » Chaps. and , diseases of hormone insufficiency related to
the pituitary and hypothalamus are discussed. » Chapter
presents hypophysitis, an inflammatory disease of the pituitary
that is gaining increasing clinical importance due to novel anti-
cancer therapies (immune checkpoint inhibitors).

The last two chapters of this part discuss the diseases associated
with the lack or overproduction of antidiuretic hormone. The man-

agement of hyponatremia, which is the most common electrolyte
abnormality, is presented in » Chap.
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Opening

This chapter summarizes the main features of
hyperprolactinemia in female and male
patients, the diagnostic and differential diag-

nostic  steps, and treatment options.
Prolactinoma before and during pregnancy is
also discussed shortly.

Definition of the Disease

The hormone prolactin (lactotroph hormone)
is produced in the anterior pituitary gland.
Hyperprolactinemia means the overproduction
of prolactin. Prolactin is a major hormone regu-
lating breast milk production, but it has several
other activities, as well. In contrast with other
anterior pituitary hormones that are stimulated
by releasing hormones from the hypothalamus
(e.g., adrenocorticotropin/adrenocorticotropic
hormone (ACTH) stimulated by corticotropin-
releasing hormone (CRH), thyroid-stimulating
hormone (TSH) stimulated by thyrotropin-
releasing hormone (TRH)), prolactin is under
a tonic suppression by dopamine produced by
hypothalamic cells. Lesions of the pituitary
stalk, therefore, can result in elevated prolactin
levels due to the falling out of the dopamine-
mediated inhibition.

Pituitary adenomas are the most common
intracranial tumors comprising up to 10% of
all intracranial neoplasms. The prevalence of
clinically relevant pituitary adenomas is around
80-100/100000.  Prolactin-producing  pituitary
adenoma (prolactinoma) is the most common
pituitary adenoma (about 40% of all pituitary
tumors) with a prevalence of 10/100000 in males
and 30/100000 in females. Non-functioning
pituitary adenoma is the second most common
pituitary adenoma, whereas the other forms,
ie, GH- and ACTH-producing adenomas,
are rare (discussed in the following chapters).
(TSH-producing pituitary tumor is extremely rare.)

Prolactinoma is mostly a benign tumor
(>98%); however, some rare malignant cases
are also known. A pituitary adenoma smaller
than 1 cm in diameter is called microadenoma
(microprolactinoma), whereas over 1 cm,
it is termed macroadenoma (macropro-
lactinoma). Prolactin is the only pituitary
hormone whose serum level may refer to the
tumor size. Prolactinoma is the only pituitary
tumor whose treatment is primarily medical.
Magnetic resonance imaging (MRI) pictures
of a normal pituitary gland are presented
in @ Fig. 1.1, whereas a microadenoma is
shown in @ Fig. 1.2.

Prolactin  inhibits the secretion of
hypothalamic gonadotropin-releasing
hormone (GnRH) and also that of pituitary
gonadotropins (luteinizing hormone (LH),
follicle-stimulating hormone (FSH)), and
therefore prolactin overproduction can result in
low sex steroid levels in both sexes (secondary/
hypogonadotropic hypogonadism).

It must be noted that hyperprolactinemia
can have many different causes apart from
prolactinoma. These are presented in
@ Table 1.1. One of the most important
causes for hyperprolactinemia in clinical
practice is related to drugs having dopamine
antagonistic properties.

Since the clinical picture of prolactinoma
is different in females and males, these will be
presented via two different clinical cases.
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Case 1 Prolactinoma in Women
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O Table 1.1 (continued)

Prolactin serum
concentration
(ng/mL)

Pregnancy, breast feeding

Stress

Pathological causes?

Microadenoma <250
Macroadenoma >500
Pituitary stalk compression <150

Medication <200
Psychiatric drugs 40-90%
(neuroleptics,
antidepressants (MAO
inhibitor, SSRI, tricyclic and
tetracyclic antidepressants)
Antihypertensive drugs
(verapamil, methyldopa)
Histamine 2 receptor
blockers
Metoclopramide
Hormones (estrogen,
antiandrogens)

Protease inhibitors

Chronic renal or liver failure
Hypothyroidism <100

Polycystic ovary syndrome
(PCOS)

Normal levels may be slightly different between
laboratories

aThe prolactin values in pathological conditions
represent the usual ranges, but considerable
variations can occur

MAO monoamine oxidase, SSRI selective
serotonin reuptake inhibitor

A 41-year-old woman was presented to our
Department after a neurosurgical interven-
tion (transsphenoidal pituitary surgery).
Her medical history included treatment for
depression (paroxetine). Medical exami-
nation was started because of chronic

headache without other neurological symp-
toms. Her last menstruation cycle was
2 years before the onset of headache, and
sometimes she experienced white “milk-
like” breast secretion. A sella MRI was
performed that described a 1.5 cm large
macroadenoma which reached but did not
compress the optic chiasm. Histology of the
removed tumor confirmed the diagnosis of
prolactinoma.

Q What are the clinical features in this case

that are suspicious for a prolactinoma?

Q The major hormonal effects of hyperpro-

lactinemia are related to the decreased levels
of some sex hormones and to galactorrhea
(milk production in non-lactating women
or very rarely in men). Moreover, pituitary
macroadenomas can have mass effects/
compression symptoms due to the large size
of the tumor.
Clinical hyperpro-
lactinemia in premenopausal females:
== Menstrual irregularity: oligo-/amen-
orrhea — most common symptom
= Infertility
== Galactorrhea — 25-40% of all cases
= Low bone mineral density

symptoms  of

Compression symptoms/mass effects with
macroadenomas:

In postmenopausal women, these are
often the first symptoms, since estrogen
levels are already low:
== Headache.
== Impaired vision (visual loss — typically

bitemporal hemianopsia, dual vision).
= Signs of hypopituitarism (secondary

hypothyroidism, secondary adrenal
insufficiency) (see chapter on hypo-

pituitarism (» Chap. 6)).
= In severe cases tumors can infiltrate

the cavernous sinus leading to cerebral

nerve palsies, or even increased intra-
cranial pressure can occur.
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In this case, secondary amenorrhea and
galactorrhea together with headache
should have been an alarming symptom.
In 70% of premenopausal females, galac-
torrhea and oligo-/amenorrhea represent
hyperprolactinemia. The symptoms, how-
ever, can be much less characteristic in
postmenopausal women, and only the mac-
roadenoma-related mass effects could raise
suspicion.

Q What is the definition of secondary amenor-
rhea?

o In women having regular menses, an
absence of menstrual cycles for more than
3 months is termed secondary amenorrhea,
whereas in women with irregular menses,
an absence for more than 6 months is
needed. Primary amenorrhea, on the other
hand, is defined as no menstrual cycles by
the age of 15 years or thereafter.

Q Due to the intensive headache and tumor
size, the patient was immediately presented
to a neurosurgeon without prior endocrino-
logical work-up. Was that correct?

Q No. Prolactinomas, including macro-
prolactinomas, react very well to medical
treatment. Moreover, the patient did not
have symptoms of visual impairment, and
the MRI showed that the tumor reached,
but did not compress, the optic chiasm.

@ What kind of examinations should be per-
formed in case of a pituitary macroadenoma?

@ Hormonal work-up:

== Pituitary hormones: gonadotropins
(luteinizing hormone (LH), follicle-
stimulating hormone (FSH), growth
hormone (GH), prolactin, adreno-
corticotropin hormone (ACTH), thy-
roid-stimulating hormone (TSH))

== Other hormones: cortisol, free T4 (fT4),
estrogen (female), testosterone (male),
IGF-1 (insulin-like growth factor 1)

== Total and macroprolactin measurement
(see later)

Other tests:

== Visual field examination

== Osteodensitometry  (chronic  hypo-
gonadism decreases bone mineral
density)

== Liver and kidney function

e Unfortunately, there was no hormonal ex-
amination prior to the neurosurgical inter-
vention in this case. Which conditions could
legitimate urgent surgery?

0 Urgent neurosurgical intervention 1is
warranted in patients with severe and
progressing visual field defects, e.g.,
threatening vision loss, progressing
neurological symptoms, and signs of
pituitary apoplexy. Pituitary apoplexy
(hemorrhage) can occurin macroadenomas
and is wusually associated with very
intensive headache, visual loss, and
neurological symptoms. The hormone
results after surgery are presented in
@ Table 1.2.

Q What can be inferred from these hormone

results?

O Table 1.2 Hormone results following the
neurosurgical intervention

Total prolactin 1103.75  1.39-24.20

(ng/mL)

Active prolactin 729.35

(ng/mL)

Macroprolactin 374.4

(ng/mL)

ACTH (pg/mL) 7.5 7.2-63.3

Cortisol (pg/dL) 4.74  8.00-25.00

TSH (mIU/L) 0.2840  0.350-4.940

Free T4 (pmol/L) 11.36  9.00-23.20
(continued)
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O Table 1.2 (continued)

FSH (1U/1) 4.32  2.4-12.6 follicular
phase

14.0-95.6
ovulatory phase
1.0-11.4 luteal
phase

7.7-58.5

postmenopausal

LH (IU/) 223  3.5-12,5 follicular
phase

4.7-21.5
ovulatory phase
1.7-7.7 luteal
phase

25.8-134.8
postmenopausal

Estradiol (pg/ 23.0 24,5-196 follicular
mL) phase
66,1-411
ovulatory phase
40,0-261 luteal
phase
<10-39,2
postmenopausal

clearly indicative of a pituitary tumor/
prolactinoma. The differential diagnostic
problem of hyperprolactinemia induced
by dopamine agonistic drugs can be
significant in  case of  pituitary
microadenomas, where it can be rather
difficult to differentiate the origin of
hyperprolactinemia if the drug cannot be
omitted or changed.

Q What is macroprolactinemia?

O Macroprolactin is a complex of prolactin

with immunoglobulin G (IgG) that is
biologically inactive, and therefore it does
not have pathological significance. The
prevalence of macroprolactinemiais 10-25%
in patients with hyperprolactinemia. It is
important to exclude macroprolactinemia
in all patients with hyperprolactinemia.
(Serum samples should be pretreated
with polyethylene glycol to precipitate
macroprolactin before the immunoassay).
If there is only predominant macropro-
lactinemia without clinical symptoms, no
intervention is needed.

O Prolactin level is still high that is not
surprising as  the  removal  of
macroadenomas is often incomplete.
Moreover, TSH is slightly lower, but free

@ What is the Hook effect?

@ Hook effect is an uncommon laboratory

T4 is normal. ACTH is in the low range,
and the morning cortisol is also low. FSH,
LH, and estradiol are also low.

All these hormonal results are sug-
gestive of hypopituitarism, and therefore
substitution with hydrocortisone and levo-
thyroxine was started (see chapter on hypo-
pituitarism (» Chap. 6)).

@ The patient took an antidepressant which is

known to influence the serum prolactin level.
Would you stop or change medication (if pos-
sible) before measuring prolactin level?

@ In this case, no. The antidepressant can

elevate prolactin levels, but this is usually
markedly less than in this case (usually
<100 ng/mL, but much higher values can
also be seen in some drug-related cases)
(8 Table 1.1). The size of the pituitary
tumor and the typical symptoms are

phenomenon where the measured serum
prolactin level is relatively low even though
the patient has a hormone-secreting
macroprolactinoma. Very high levels of
serum prolactin might interfere with the
antibody-based = measurements, and
thereby a false-negative result might be
obtained. In order to avoid this, prolactin
should be measured both in undiluted and
diluted (1:100) serum samples in patients
with large macroadenomas.

0 How should the high prolactin level be man-

aged in the patient?

@ Dopamine agonists are the first choice of

treatment in prolactinoma, as these drugs
are effective both for normalizing prolactin
levels in micro- and macroprolactinoma
and for reducing tumor size and thereby
mass effects including visual field defects.
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Amenorrhea and infertility and
galactorrhea are usually resolved with
dopamine agonist treatment.

O What kind of dopamine agonists are avail-
able?

0 Dopamine agonists
Cabergoline is recommended to be the
first choice in therapy. Its initial dose is
usually 0.25-0.5 mg twice a week. Side
effects are rare, but nausea and orthostatic
hypotension can occur as with other
dopamine agonists. High-dose cabergoline
in Parkinson disease was associated with
valvulopathy, but it is unclear whether
such a risk exists with the much lower
doses used in prolactinoma. In patients
taking cabergoline, regular (annual)
echocardiography is nevertheless warranted
for the potential thickening of heart valves.

Bromocriptine was the first dopamine
agonist introduced for the treatment
of prolactinoma. Its average daily dose
varies between 2.5 and 10 mg. It should
be taken mostly in the evening due to its
orthostatic side effects that can be related
to nausea and headache. It might also
cause constipation. Both cabergoline and
bromocriptine are ergot derivatives.

Quinagolide is a non-ergot dopamine
agonist. Its average daily dose is
0.075-0.150 mg also mostly given in
the evening. Its side effects are like
bromocriptine, but rare.

In the presented case, first bromo-
criptine and then quinagolide was initiated,
but the patient had significant nausea with
both; therefore treatment was switched to
cabergoline. Galactorrhea diminished and
then disappeared, and after 1 year of treat-
ment, the patient has a regular menstrual
cycle. Prolactin after 6 months of caber-
goline treatment was normal (8.58 ng/mL
(1.39-24.20)).

o How long should dopamine agonist treat-
ment be continued?

o Patients usually take dopamine agonists
for several years. Discontinuation of

dopamine agonist should be considered
only after at least 1 year with stably normal
prolactin levels. Even in that case, the dose
of dopamine agonist should be tapered
very slowly, and prolactin should be
regularly monitored (e.g., every 3 months).
In cases where the initial tumor size was
over 2 cm diameter, discontinuation of
dopamine agonist is not suggested.

e When should MRI after neurosurgery be
first performed?

o MRI is usually performed not earlier than
3-6 months after a neurosurgical
intervention, since it can be difficult to
assess pituitary morphology shortly after
the operation.

© How often should MRI control performed in
patients receiving dopamine-agonist treat-
ment?

o MRI controls are usually performed
annually.

@ What are the indications for non-urgent sur-
gery in prolactinoma?

o In rare cases, macroprolactinomas do not
react to dopamine agonist therapy or the
patient is intolerant to dopamine agonists.
Some patients choose surgery instead of
medical treatment.

@ Are there other treatment options available
for macroprolactinoma?

o Radiotherapy (or stereotactic radio-
surgery) can be performed in patients with
macroprolactinoma who are resistant to
dopamine agonist therapy and surgery was
unsuccessful.

Q What should we do if pregnancy is planned
or diagnosed?

o Macroprolactinomas might grow during
pregnancy. The risk for growth in micro-
prolactinomas is minimal. Even if there
are no data on the fetal toxicity of dopa-
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mine agonists (bromocriptine appears to
be safe), it is advised to discontinue them
gradually if pregnancy is confirmed. In
women planning pregnancy with a mac-
roprolactinoma, surgery should be con-
sidered before pregnancy. Women with
macroprolactinoma should have visual
field examination every 3 months. MRI is
usually not performed during pregnancy.
If there are signs of tumor growth, bro-
mocriptine (or even cabergoline) can be
given. Patients should be informed to seek
urgent medical advice in case of intensive
headache or visual impairment. In case of
therapy resistant growing macroprolac-
tinoma during pregnancy, surgery can be
indicated optimally in the second trimester.

Case 2 Prolactinoma in Men

A 69-year-old man was referred to our
endocrine outpatient consultation. He had
a history of therapy-resistant hypertension
and type 2 diabetes. His medical exami-
nation started because of an unbearable
headache without any other neurological
symptoms. A brain MRI was done, and
it showed a pituitary macroadenoma of
3 cm diameter. When he was first referred
to our Department, he said that his blood
pressure was perfect during the last couple
of months, so the doses of his antihyper-
tensive drugs could be lowered; moreover,
his blood glucose was also so good that
he could stop with the antidiabetic drugs.
Medical examination revealed gynecomas-
tia and body hair loss.

0 Does the patient have any alarming symp-
toms?

0 Relative hypotension compared with previ-
ous periods and “too good” blood glucose

control could be signs of hypopituitarism.

0 What is the next step?

Q Visual field control and hormone control.
No typical visual impairment was con-
firmed, but low ACTH and cortisol levels
and a high total prolactin level were found
(see later).

0 Would you start treatment of hyper-
prolactinemia immediately?

@ No. First active prolactin and macro-
prolactin levels need to be tested.

0 His active prolactin level: 525.60 ng/mL. Is it
a real hyperprolactinemia or could it be the
result of pituitary stalk compression?

o Hyperprolactinemia due to pituitary stalk
compression is usually under 200 ng/mL,
so this is probably a hyperprolactinemia
caused by a macroprolactinoma.

0 What are the symptoms of prolactinoma in
men?

0 Especially in elderly men, prolactinoma
might not cause any conspicuous hormonal
symptoms. Microprolactinomas in elderly
may therefore remain undiagnosed, whereas
macroprolactinomas are discovered due to
their mass effects.

In younger males, prolactinoma can cause
symptoms via secondary (hypogonadotropic)
hypogonadism, such as impotence and infer-
tility, erectile dysfunction, and low bone min-
eral density. Rarely, gynecomastia (benign
enlargement of the breast glandular tissue in
males) can occur, and extremely rarely galac-
torrhea can be observed.

@ What are the clinical features in this case
that are suspicious for hyperprolactinemia?

o Body hair loss and gynecomastia that are
both signs of hypogonadism.

9 The patient had an unbearable headache and
hypopituitarism. Would you do an urgent
surgery?
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O No. Even with severe symptoms, medical

therapy is the first choice in patient with
macro- and microprolactinoma. However,

Case Continued

Cabergoline was started in a twice 0.5 mg/week
dose. @ Table 1.3 presents the hormonal find-
ings at diagnosis and during therapy. The ini-
tial hormonal results show high prolactin levels
that were rapidly normalized by the dopamine
agonist therapy. Low ACTH and cortisol, low
TSH, and low gonadotropin + testosterone
levels indicate hypopituitarism. Substitution

progressive visual impairment/threatening
loss of vision or neurological symptoms
can warrant an urgent surgical intervention.

with hydrocortisone and levothyroxine was
started, but this could be later omitted, and
as the hormonal results show almost 3 years
later, both the adrenal and thyroid axes have
recovered. Testosterone level also returned to
normal.

B Figure 1.3 shows the results of MRI
imaging before and after a year of therapy.

O Table 1.3 Hormone levels before and during therapy

Hormone (normal 2010 May 2010 July 2010 2013 2013 2013 Sept.
range) Sept. Feb. May

Cortisol (8.0-25.0 pg/ 1.0 15.0 10.1 18.0
dL)

ACTH (7.2-63.3 pg/ 7.3 28.3 28.0 34.4
mL)

Total prolactin 1328.2 12.28 4.50 7.18

(1.2-10.7 ng/mL)

Active PRL (ng/mL) 525.60 4.0 1.72 5.54

Macroprolactin 802.60 7.44 2.78 1.64

(ng/mL)

TSH (0.35-4.94 0.00 0.513

mlU/L)

fT3 (1.71-3.71 pg/ 2.81 2.08

mL)

T4 (0.70-1.80 ng/dl) 1.41 1.53 1.51

Testosterone 6.0 382.0
(300.0-800 ng/dL)

FSH (1,3-11,8 2.1

mlU/mL)

LH (1,3-11.8 0.4

mlIU/mL)
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B Fig. 1.3 MRI imaging of the macroprolactinoma before (a sagittal; b coronal) and after (¢ sagittal; d
coronal) 1 year of treatment with cabergoline (Case 2). The tumor has considerably shrunk after treatment

0 What are the features of an aggressive pitu-

itary tumor?

o Pituitary tumors (including prolactinomas)

are mostly slowly growing tumors, and
most prolactinomas are responsive to medi-
cal treatment. A small subset of tumors,
however, is resistant to therapy (including
drugs, surgery, or radiotherapy), and there
are also recurrences. These aggressive pitu-
itary tumors can infiltrate nearby structures
and show a higher proliferative rate on his-
tological analysis (the Ki-67 proliferation
marker is higher than 3%).

@ What is the definition of pituitary cancer?

o Pituitary cancer is defined as a pituitary

tumor with craniospinal or distant metas-
tases. It is thus not a histological category,
but based on the presence of metasta-
ses similar to the diagnosis of malignant
pheochromocytoma/paraganglioma.
Pituitary cancer has a dismal prognosis,
but it is fortunately very rare accounting
for less than 0.2% of all pituitary tumors.
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The reader is advised to read the follow-
ing chapters on pituitary tumors (acro-
megaly (» Chap. 2), Cushing’s disease
(» Chap. 3), non-functioning pituitary
adenoma (» Chap. 4), and hypopituita-
rism (» Chap. 6)).

Take-Home Messages

Prolactinoma is the most common pitu-
itary adenoma.

In premenopausal females, symptoms
of prolactinoma include oligo-/amen-
orrhea and galactorrhea, whereas in
men signs of hypogonadism (impo-
tence, infertility) are characteristic.
Bone mineral density can be decreased
in both sexes.

In both elderly women and men, often
the mass effects related to macro-
prolactinomas are the only signs.
Macroprolactin levels should be meas-
ured in case of hyperprolactinemia.
Medical history is very important in
case of mild hyperprolactinemia.
Dopamine agonist therapy is the first
choice for both micro- and macro-
prolactinomas.

Suggested Reading

1.

Almalki MH, Ur E, Johnson M, Clarke DB, Syed A,
Imran SA. Management of Prolactinomas During
Pregnancy -- A Survey of Four Canadian Provinces.
Clin Invest Med. 2012;35(2):E96-104. https://doi.
org/10.25011/cim.v35i2.16293.

Capozzi A, Scambia G, Pontecorvi A, Lello S.
Hyperprolactinemia: pathophysiology and therapeutic
approach. Gynecol Endocrinol. 2015;31(7):506-10.
https://doi.org/10.3109/09513590.2015.1017810.
Grigg J, Worsley R, Thew C, Gurvich C, Thomas
N, Kulkarni J. Antipsychotic-induced hyperprolac-
tinemia: synthesis of world-wide guidelines and inte-
grated recommendations for assessment, management
and future research. Psychopharmacology (Berl).
2017;234(22):3279-97. https://doi.org/10.1007/s00213-
017-4730-6.

Melmed S, Casanueva FF, Hoffman AR, Kleinberg
DL, Montori VM, Schlechte JA, Wass JA. Diagnosis
and treatment of hyperprolactinemia: An Endocrine
Society clinical practice guideline. J Clin Endocrinol
Metab. 2011;96(2):273-88.  https://doi.org/10.1210/
j.2010-1692.

Molitch  ME. Endocrinology in pregnancy:
management of the pregnant patient with a
prolactinoma. Eur J Endocrinol. 2015;172(5):R 205—
13. https://doi.org/10.1530/EJE-14-0848.

Raverot G, Burman P, McCormack A, Heaney
A, Petersenn S, Popovic V, Trouillas J, Dekkers
OM. European Society of Endocrinology Clinical
Practice Guidelines for the management of aggressive
pituitary tumors and carcinomas. Eur J Endocrinol.
2018;178(1):G1-G24. https://doi.org/10.1530/EJE-17-
0796.

Shimatsu A, Hattori N. Macroprolactinemia:
diagnostic, clinical, and pathogenic significance.
Clin Dev Immunol. 2012;2012:167132. https://doi.
org/10.1155/2012/167132.



https://doi.org/10.25011/cim.v35i2.16293
https://doi.org/10.25011/cim.v35i2.16293
https://doi.org/10.3109/09513590.2015.1017810
https://doi.org/10.1007/s00213-017-4730-6
https://doi.org/10.1007/s00213-017-4730-6
https://doi.org/10.1210/jc.2010-1692
https://doi.org/10.1210/jc.2010-1692
https://doi.org/10.1530/EJE-14-0848
https://doi.org/10.1530/EJE-17-0796
https://doi.org/10.1530/EJE-17-0796
https://doi.org/10.1155/2012/167132
https://doi.org/10.1155/2012/167132

() 15

Check for
updates

Acromegaly

Judit Dénes and Erika Hubina

Contents

Suggested Reading - 24

© Springer Nature Switzerland AG 2021
P.1gaz (ed.), Practical Clinical Endocrinology, https://doi.org/10.1007/978-3-030-62011-0_2


https://doi.org/10.1007/978-3-030-62011-0_2#DOI
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-62011-0_2&domain=pdf

16

J. Dénes and E. Hubina

Opening

Acromegaly belongs to the family of rare diseases.
Its clinical and biochemical features are unique.
The excessive growth hormone production and
the consequent rise of insulin-like growth factor
1 lead to the typical acromegalic characteristics.

Increased growth hormone activity is associated
with increased mortality and decreased quality
of life due to several comorbidities; therefore the
treatment and the management of the disease are
challenging.

Definition of the Disease

Acromegaly is characterized by excessive
growth hormone (GH) production and conse-
quent elevation of insulin-like growth factor 1
(IGF-1) levels. Excessive GH production after
the closure of the epiphyseal growth plates is
termed acromegaly, whereas GH excess before
the closure of growth plates leading to a gen-
eral overgrowth syndrome is termed gigan-
tism. Acromegaly and gigantism are therefore
diseases of the same spectrum, but the former
develops in adults, whereas gigantism has its
onset before puberty. The cause of GH excess is
a GH-producing pituitary adenoma (somato-
tropinoma or GH and prolactin co-secreting
mammosomatotropinoma) in the overwhelm-
ing majority of cases (>95%). Acromegaly is a
rare disease with a prevalence between 2.8 and
13.7/100.000 and with the annual incidence
between 0.2 and 1.1 cases/100.000 people. In
most studies, there is an equal distribution of
prevalence between males and females.

In very rare cases, acromegaly is due to
ectopic (paraneoplastic) secretion of GH
or growth hormone-releasing hormone
(GHRH) responsible for pituitary hyperpla-
sia. The pituitary micro- or macroadenoma
(>10 mm) leading to acromegaly/gigantism
can occur sporadically or rarely in a familial
setting. Familial isolated pituitary adenoma
(FIPA) syndrome is the most common famil-
ial cause of acromegaly, and the syndromic
familial acromegaly [Carney complex, multi-

ple endocrine neoplasia types 1 and 4 (MEN1
and MEN4), and succinate dehydrogenase
(SDH)-related syndromes] is less common.
The exact genetic basis of the FIPA cases is
currently not fully known. One fifth of the
FIPA families have germline mutations in the
aryl hydrocarbon receptor-interacting protein
(AIP) gene. Pituitary tumors in FIPA have
earlier disease onset and are diagnosed in a
younger age than their sporadic counterparts,
and the tumor is usually large and invasive.

The chronic GH and IGF-1 elevation
results in progressive somatic disfigurement
(mainly involving the face and extremities).
IGF-1 is mainly produced by the liver, and
it is responsible for most symptoms of acro-
megaly. Due to covert onset and slow pro-
gression, acromegaly is often diagnosed even
more than 10 years after its onset. This can
explain the existence of comorbidities at the
diagnosis. Cardiovascular, metabolic, respi-
ratory, neoplastic, endocrine, articular, and
bone complications (detailed in @ Table 2.1)
play crucial roles in increasing mortality rates
and decreased quality of life.

Several treatment modalities are available.
Effective control of GH and IGF-1 hyper-
secretion and ablation or stabilization of
the pituitary tumor mass leads to improved
comorbidities and enhances life expectancy
and quality of life. Therefore the early diag-
nosis of the disease is critical.




Acromegaly

B Table 2.1 Major clinical symptoms of acro-

megaly

Local tumor
effects

Musculoskeletal
and soft tissue
effects

Cardiovascular
effects

Pulmonary effects

Neoplasia

Endocrine and
metabolic effects

Headache
Impaired vision
Cranial nerve palsy
Hypopituitarism

Enlarged hands and feet

Enlarged tongue and organs

Oily, thickened skin

Excessive sweating and body

odor
Skin tags

Fatigue and muscle
weakness

Joint pain and limited
mobility

Prognathism
Carpal tunnel syndrome

Left ventricular
hypertrophy

Arrhythmias
Hypertension
Cardiomyopathy
Congestive heart failure
Sleep apnea

Severe snoring (obstruction
of the upper airway)

Deepened voice (enlarged
vocal cords and sinuses)

Colon polyp/carcinoma

Menstrual cycle
irregularities in women

Erectile dysfunction in men

Insulin resistance and
hyperinsulinemia

Impaired glucose tolerance
Diabetes mellitus
Hypertriglyceridemia
Hypercalciuria

Goiter

Case Presentation

A 36-year-old man was admitted to our
outpatient clinic because of clinical features
of acromegaly. His medical history included
surgery of the right ear, temporal arteritis,
and kidney stones. He had overweight with
a body mass index of 38 kg/m2. His main
complaints were the change of his face and
increase of the size of his hands and feet.

B Fig. 2.1 Hand and feet of an acromegalic patient
(right) [compared to normal (left)]. (Courtesy of Profes-
sor Miklos Goth)

e What are the typical clinical features of ac-
romegaly?

o Common signs of acromegaly are enlarged
hands and feet (B Fig. 2.1). Patients rec-
ognize that their shoes/gloves don’t fit any
more or they are not able to put on or pull
off their rings (sausage finger). There are
typical changes of the face, such as enlarged
nose and lips, wider space between the
teeth, and protruding lower jaw (as seen
on @ Fig. 2.2). Enlarged tongue (macro-
glossia) is also often observed. Patients
often complain about sweating, and voice
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B Fig. 2.2 The face of our acromegalic patient

deepening may also occur. These features
develop very slowly; therefore the diag-
nosis might be established with 7-10-year
delay from the initial symptoms. The phe-
notypic changes are often not noticed by
the patient and her/his family, but by a new
acquaintance, e.g., a new general practitio-
ner. Dentists might also raise the suspicion
for acromegaly.

There are also typical medical condi-
tions, which are associated with acromeg-
aly. Our patient had kidney stones, which
are seen in 8—10% of the cases, while hyper-
calciuria is more frequent (80%). The main
comorbidities associated with acromegaly
are the following: high blood pressure,
arrhythmias, left ventricular hypertrophy,
impaired glucose tolerance or diabetes
mellitus, sleep apnea, and carpal tunnel
syndrome. Visceromegaly can also occur
affecting the heart, thyroid, liver, kidney,
lung, etc.

If acromegaly is caused by a growth
hormone-secreting pituitary macroaden-
oma, there can be mass effects related to
the tumor, such as headache, visual distur-
bances, and hypopituitarism.

The major clinical symptoms of acro-
megaly are summarized in @ Table 2.1.

@ How to proceed with the diagnosis?

O The main goal of the diagnostic steps is to

verify the GH and IGF-1 overproduction
and to find the source of the GH excess.

Biochemical measurements include
GH and (age- and gender-matched)
IGF-1 levels, which were both elevated
in our patient (GH: 30.3 ng/ml, normal
range 0-5 ng/ml, IGF-1: 1668 ng/ml,
4.55% upper limit of normal (ULN), age-
matched IGF-1 normal range 137-366 ng/
ml). However, random GH measurement
is not the gold standard for the diagno-
sis of acromegaly, as serum levels may
fluctuate from undetectable to high levels
because of its episodic secretion. GH level
measurement during a 75 g oral glucose
tolerance test (OGTT) is required for the
diagnosis. In healthy subjects, GH levels
fall after glucose administration, while
in acromegalic patients, this suppressive
effect is missing. A GH nadir >1 ng/ml
(or >0.4 ng/ml using a highly sensitive GH
assay) during OGTT-GH suppression test
is diagnostic for acromegaly.

The majority of patients with acro-
megaly have a GH-secreting pituitary
adenoma. Magnetic resonance imaging
(MRI) should be performed to find a pitu-
itary adenoma and to visualize its exten-
sion (B Fig. 2.3). Our patient had a large
pituitary macroadenoma with a maximum
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B Fig. 2.3 Postoperative MRI of the pituitary adenoma (a coronal, b sagittal)

diameter of 20 mm. 70-75% of pituitary
tumors in acromegaly are macroadeno-
mas, with frequent extension in parasellar
or suprasellar regions.

In very rare cases, GH-secreting pitu-
itary carcinoma, a hypothalamic GHRH-
secreting tumor, or ectopic GH/GHRH
secretion might be the cause of acromeg-
aly. In those cases MRI, chest, and abdom-
inal CT scanning might help to find the
tumor.

@ Which hormone test can be used for screen-
ing for acromegaly?

@ IGF-1 should be first measured in patients
who are suspected to suffer from acro-
megaly. If IGF-1 is normal, the chance for
acromegaly is very low.

@ Should any other endocrine laboratory tests
be performed?

Q Pituitary tumors might cause hypopit-
uitarism by compression on the surr-
ounding normal pituitary tissue, and
therefore the evaluation of residual pitu-
itary function is essential. The following
hormone levels should be measured: basal
prolactin (PRL), FSH, LH, TSH, T4,
fT3, estradiol (in women), testosterone

(in men), and cortisol levels. Prolactin
levels might be elevated because of pitu-
itary stalk compression by the tumor (so
the inhibitory effect of hypothalamic
dopamine is prevented) or because of co-
secretion of GH and PRL by the pituitary
adenoma.

e What are the long-term dangers of acro-
megaly?

0 Mortality rate is enhanced in acromegaly
mainly due to cardiovascular disease, respi-
ratory disorders, and dysregulated glucose
metabolism. Diabetes mellitus occurs in
about 20% of patients, while hypertension
is present in almost half of the patients.
Musculoskeletal disorders and arthropathy
pain are important complications, which
affect negatively the quality of life.

© Screening for which kind of diseases/mani-
festations should be performed in active ac-
romegaly patients?

o Active acromegalic patients should be
screened for cardiovascular compli-
cations (hypertension, arrhythmia, cardio-
myopathy), endocrine and metabolic
disorders (e.g., hypopituitarism, glucose
metabolism impairment), sleep apnea,
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musculoskeletal disorders (e.g., vertebral
fracture), and colon polyps/cancer.

o Is the risk for tumors increased in
acromegaly?

O The incidence of colon and thyroid can-
cer appears to be elevated in acromegaly.
Therefore screening colonoscopy should be
performed at diagnosis and then repeated

D Table 2.2 Therapeutic modalities in acro-

megaly

Surgery Transsphenoidal or transcranial
approach

Medical Dopamine agonists

therapy .
Somatostatin analogues
Growth hormone receptor
antagonist

Radiation Conventional radiotherapy/

therapy stereotactic radiosurgery

depending on the result, the family history,
and disease activity. Thyroid ultrasound is
suggested for those patients with palpable
nodule or increased risk for thyroid cancer.

e What are the major death causes in acro-
megaly patients?

@ The leading cause of death is cardiovas-
cular disease, followed by respiratory and
cerebrovascular disease.

e What kinds of treatment options are avail-
able in acromegaly?

o The main aims of treatment are to reduce
mortality by achieving biochemical con-
trol (age- and gender-matched normalized
IGF-1 levels and controlled GH levels)
and to reduce tumor mass.

Current therapeutic options are sur-
gery, medical treatment, and radiotherapy
(B Table 2.2). The suggested therapeutic
steps are shown in @ Fig. 2.4.

| Diagnosis of acromegaly ‘

Active disezii/

I Medical therapy ‘

\B‘io—\chemical control
Follow-up

‘ First-generation SSA (or cabergoline if IGF-1 <2.5x the upper limit of normal) ‘

Inadequate GH and/or IGF-1 control with first—generatioV

Biochemical control

Follow-up

dose or dose frequency

* In case of partial response (>50% decrease in GH and/or IGF-1) — increase S5A

* Add cabergoline if IGF-1 remains modestly elevated during S5A therapy

—

v N

Not controlled, tumor

Mot controlled, impaired glucosg

Not controlled, tumor concern and

concern metabolism impaired glucose metabolism
Pasireotide | | Pegvisomant | [ First-generation SSA +Pegvisomant

L

| Well-controlled |

|

| Monitor IGF-1 levels ]

x

| Not controlled |

|

| Radiotherapy or surgery |

O Fig.2.4 Therapy of acromegaly. (Based on the guideline of Melmed et al. 2018)
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The first choice is surgical treatment
if there are no contraindications (such as
severe heart failure or respiratory disease,
cases where there is no chance of total
resection of the tumor and it doesn’t affect
vital structures, or when the patient refuses
surgery). The operation should be per-
formed in a specialized neurosurgical cen-
ter. The success of surgical intervention is
30% in case of macroadenomas and 65% in
case of microadenomas. Transsphenoidal
approach is mainly used in pituitary sur-
gery, but sometimes transcranial resection
is necessary.

Our patient had a transsphenoidal
pituitary surgery in 2002.

@ How to evaluate the result of surgical treat-

ment?

@ Right after a successful surgical interven-

tion, GH levels fall, and metabolic dys-
function and soft tissue swelling begin to
improve. Clinical and biochemical evalua-
tion should be performed 12 weeks after
surgery by measuring IGF-1, random GH,
and GH levels during OGTT. Our patient
didn’t achieve biochemical control, as seen
in @ Table 2.3, with a GH nadir of 8.8 ng/
ml during OGTT [cutoff is the same as for
diagnosis; >1 ng/ml (or >0.4 ng/ml using
a highly sensitive GH assay) shows active
disease].

Q What are the potential complications of sur-

gery?

@ Experienced neurosurgeons have better

complication rates. The main side effects
of surgery might be newly developed hypo-
pituitarism, permanent diabetes insipidus,

O Table 2.3 Results of the postoperative oral
glucose tolerance test in our case

Time point 0 30 60 90 120
(min.)

GH level (ng/ 139 11.1 107 93 8.8
mL)
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hemorrhage, meningitis, or cerebrospinal
fluid leak. Experienced neurosurgeons have
better complication rates.

0 What is the next step if acromegaly persists

after surgery?

@ The next therapeutic option is medical

therapy. There are different types of medi-
caments used in acromegaly: dopamine
agonists, somatostatin analogues (SSAs)
and GH receptor antagonist or combina-
tion therapy. First-line medical therapy is
dopamine agonists and first-generation
SSA.

Dopamine agonists (bromocriptine,
quinagolide, and cabergoline) are used
either as monotherapy or in combination
therapy. The most effective with the best
side effect profile is cabergoline. Its bene-
fits are mostly seen in patients with mildly
elevated IGF-1 level and in tumors co-
secreting GH with prolactin.

First-generation SSAs are octreotide
and lanreotide. Their long-acting forms
are administered once monthly [oct-
reotide long-acting release (LAR) intra-
muscularly, while lanreotide Autogel
subcutaneously]. The standard doses are
10-30 mg/4 weeks for octreotide LAR and
60, 90, or 120 mg/4 weeks for lanreotide
Autogel. GH-producing adenomas express
four of the five somatostatin receptor
(SSTR) subtypes (SSTR1, SSTR2, SSTR3,
SSTRYS). Octreotide and lanreotide bind
predominantly to SSTR2 and less actively
to SSTRS. First-generation SSAs reduce
tumor mass, and in 25-55% of cases, bio-
chemical control can be achieved. The
efficacy of first-generation SSA treatment
is determined by pretreatment GH levels,
tumor expression of SSTR2, presence of
mutation in the AIP gene mutation, tumor
granularity (sparsely granulated tumors
are less responsive than densely granulated
ones), and intensity on MRI (hypointense
T2-weighted tumors on MRI respond bet-
ter to SSA treatment).

SSA therapy can be applied either after
surgery to achieve biochemical control, or
also preoperatively to reduce complica-
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tions of surgery, or after radiotherapy
until its effect starts to develop.

SSAs are safe and well tolerated, with
mainly gastrointestinal side effects and
gallbladder sludge or stones.

Our patient received bromocriptine
therapy; then octreotide LAR 20 mg/4
weeks was applied. As it was not effective,
its dose was increased to 30 mg/4 weeks.

Q How to evaluate biochemical control during

first-line medical therapy?

Q The IGF-1 level and the average of mul-

tiple GH levels should be measured.

On a S5-point daily GH curve, our
patient’s average GH level was 19.5 ng/ml
(biochemical control means <1 ng/ml), and
the IGF-1 level was 968 ng/ml (2.6x ULN).
As the MRI showed an intra- and parasel-
lar residual tumor and his acromegaly was
still active (and that time no other medical
therapeutic options were available), he had
a second transsphenoidal surgery in 2004.

The postoperative control showed
active disease, with a residual tumor
mass, so octreotide LAR 30 mg/4 weeks
was given back to him. The control dur-
ing SSA therapy showed a high GH level
(average 40.08 ng/ml) and elevated IGF-1
level (794 ng/ml, 2.1x ULN), and the neu-
rosurgeon didn’t advise reoperation, so
radiotherapy was performed (with 40 Gy
in split doses of 2 Gy fractions).

0 What can be done if acromegaly is still not

well-controlled after surgery and the maxi-
mal dose of first-line medical therapy?

@ There are nowadays many more thera-

peutic options if disease control is not
achieved with surgery, radiotherapy, and
first-line medical therapy.

Second-line approaches
the second-generation SSA pasireotide
and the GH receptor antagonist pegviso-
mant.

Pasireotide is a SSA, which binds to
all of the SSTRs except for SSTR4. In
approximately half of the patients treated

include

with pasireotide, biochemical control can
be achieved.

The GH receptor antagonist pegviso-
mant inhibits postreceptor GH signaling
and thereby blocks IGF-1 production. It
blocks peripheral GH action but has no
effect on the pituitary tumor. In 60-90% of
patients, pegvisomant normalizes [IGF-1
levels. It can be administered as a daily
subcutaneous injection in monotherapy, or
in combination with first-generation SSAs
(in the latter case, 1-2 times weekly admin-
istration might be enough). Liver enzymes
should be screened during therapy, as
elevated hepatic transaminases are one of
the main side effects of pegvisomant. The
other important side effect is lipodystrophy
on local injection site.

As seen on B Fig. 2.4, if there is clini-
cally relevant residual tumor and/or clini-
cal concern of tumor growth, pasireotide is
advised as second-line medical treatment.
As pegvisomant enhances insulin sensitiv-
ity (and pasireotide deteriorates glucose
metabolism in the majority of cases), GH
receptor antagonist is the choice for those
with impaired glucose metabolism.

O What is the main side effect of pasireotide?

@ 70% of the patients on pasireotide LAR

treatment exhibit hyperglycemia, which is
the most important side effect of this drug.
Pasireotide impairs glucose homeostasis
by reducing insulin and incretin secretion.
Pasireotide binds with highest affinity to
SSTRS; therefore it inhibits more effec-
tively the secretion of insulin (via SSTRS)
than that of glucagon (via SSTR2).
Patients on pasireotide LAR therapy (or
those considered for treatment with it)
should be carefully monitored for impaired
glucose tolerance or diabetes mellitus.

Q What is the role for radiotherapy in acro-

megaly?

Q Radiotherapy is usually third-line therapy

for those patients not controlled by sur-
gery and/or medical therapy. It can be
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performed either by conventional exter-
nal radiotherapy or stereotactic radiosur-
gery. Radiation arrests tumor growth and
ultimately causes tumor shrinkage.

e How fast do the effects of radiotherapy ap-
pear?

@ GH and IGF-1 levels start to fall after
radiation therapy, but maximal effect
starts to develop only after approximately
5-10 years. In the meantime additional
medical treatment might be needed.

e What can be the side effects of radiotherapy?

O Side effects include hypopituitarism, sec-
ond brain tumor, visual deterioration, and
cranial nerve palsies.

e How to evaluate disease control during
second-line medical therapy?

O Regarding the second-generation SSA
pasireotide, the method is the same as for
first-generation SSAs.

As the GH receptor antagonist pre-
vents peripheral GH action, the GH levels
remain elevated, so in the case of pegviso-
mant, there is no point to measure GH lev-
els; only IGF-1 levels are informative.

0 What could be the next steps in our patient’s
case?

o To summarize, our patient had a pituitary
surgery, followed by medical therapy with
dopamine agonist and first-generation
SSA. As acromegaly was still active (and
that time second-line medical therapy was
not available), he had a second pituitary
surgery and radiotherapy. Afterward as
acromegaly was still active on maximal
dose of first-generation SSA, and as the
GH receptor antagonist became available,
we started pegvisomant therapy in 2006
(in 10 mg/day for 2 months, than 15 mg/
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day dose). The control IGF-1 level showed
reduction after 2 months, and then with
higher pegvisomant dose, IGF-1 level nor-
malized (252 ng/ml, 0.68x ULN).

He was controlled on pegvisomant
therapy until 2012; however, because of
elevating IGF-1 levels, he needed higher
doses of pegvisomant. Despite the maxi-
mum dose of pegvisomant, his IGF-1
levels increased (maximum 490.6 ng/ml,
1.33%X ULN); therefore the first-generation
SSA lanreotide Autogel was added to his
therapy, in 120 mg/6 weeks and then in
120 mg/4 weeks dose.

Taking into consideration the slightly
elevating IGF-1 levels, his residual tumor
mass, his normal glucose metabolism, and
patient compliance, we decided in 2017
to change his combination therapy to the
second-generation SSA, pasireotide mono-
therapy. We started with 60 mg/4 weeks
dose, which resulted in biochemical control
of acromegaly (last follow-up visit results:
IGF-1129 ng/ml, 0.49x ULN, 5-point daily
GH curve average 0.69 ng/ml).

Q Can acromegaly be inherited?

Q Very rarely, acromegaly can be inherited as
part of endocrine tumor syndromes, such
as multiple endocrine neoplasia types 1
and 4 (MENI1, MEN4), Carney complex,
or FIPA and SDH-related syndromes.

The reader is advised to read the preceding
chapter on prolactinoma (» Chap. 1) and
the next chapters on pituitary tumors
(Cushing’s disease, » Chap. 3) and
non-functional pituitary adenoma (» Chap.
4). The chapter on hypopitutiarism
(» Chap. 6) and the chapter on multiple
endocrine neoplasia type 1 (» Chap. 50)
might also be interesting to the reader.
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Take-Home Messages
= Acromegaly is a rare condition with

increased morbidity and mortality.

Its diagnosis is usually delayed with
approximately 3-10 years from initial
symptoms.

Acral enlargement, cardiovascular and
respiratory complications, arthropathy,
and neuropathy are the main clinical
features.

It is important to screen for additional
medical conditions, such as sleep apnea,
colorectal polyps/carcinoma, and impa-
ired glucose metabolism.

The diagnosis is based on elevated
IGF-1 levels and lack of suppression of
GH during a 75 g oral glucose tolerance
test [GH nadir >1 ng/ml (or >0.4 ng/ml
using highly sensitive GH assay)].

The vast majority of cases are caused
by a GH-secreting pituitary adenoma.
The best imaging tool is pituitary MRI.
Therapeutic options for acromegaly
include surgery, medical therapy, and
radiotherapy.

Surgery is the first choice if there are no
contraindications. Biochemical result
of surgery should be evaluated by (age-
and gender-matched) IGF-1 levels and
GH levels during OGTT.

Medical therapy includes dopamine
agonists, first- and second-generation

somatostatin analogues, and GH
receptor antagonist.
Radiotherapy is wusually third-line

therapy. Biochemical response takes
several years to develop.

Biochemical control during SSA
therapy should be IGF-1 level and
GH-level
ment. The GH receptor antagonist

random/average measure-

pegvisomant therapy should be moni-
tored with IGF-1 levels.
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Opening

This chapter discusses Cushing’s disease, the
form of hypercortisolism related to pituitary
ACTH oversecretion, its signs and symptoms,

diagnosis, differential diagnosis, and treatment
options.

— Definition of the Disease

Cushing’s disease (CD) was described by
Harvey Cushing in 1912 in his book The
Pituitary Body and its Disorders. It is the
most common cause of endogenous hyper-
cortisolism accounting for approximately
60-80% of the cases. The term Cushing’s syn-
drome (CS) comprises all forms of endoge-
nous hypercortisolism including CD, but also
adrenal and ectopic forms that are discussed
in separate chapters of the book (» Chap. 27
on adrenal CS and » Chap. 45 on ectopic
hypercortisolism). CD is caused by excessive
secretion of adrenocorticotropic hormone
(ACTH) by pituitary corticotroph adenomas.
These are usually microadenomas, which do
not cause symptoms by local mass effect.
Macroadenomas are uncommon in patients
with CD, but these tumors cause mass effect
when their size exceeds 15 mm in diameter.
Somatic mutations in the USP8 gene encod-
ing the ubiquitin-specific protease 8 have
been detected recently as the most common
alterations in patients with CD (found in
31-63% of corticotroph adenomas). Cor-
ticotropinomas secrete excessive amounts
of ACTH with increased pulse amplitude
and altered circadian rhythm. The partially
autonomous ACTH hypersecretion leads to

overproduction of cortisol from the adrenal
cortex. However, the ensuing hypercorti-
solism does not suppress ACTH release from
adenomatous corticotrophs (as opposed to
the negative feedback expected between the
adrenal cortex and the normal corticotroph
cells), creating a vicious cycle of sustained
cortisol oversecretion. A common effect of
elevated ACTH levels is bilateral adrenocor-
tical hyperplasia, which may be diffuse or
nodular. The prevalence of CD is estimated
to be nearly 40 per million, and the incidence
ranges from 1.2 to 2.4 per million per year.
CD affects women three times more fre-
quently than men, and symptoms commonly
appear between the third and the sixth decade
of life. It has been reported that CD appears
at a younger age with a more severe clinical
presentation in men than in women. In older
adults, no difference in the prevalence of CD
between men and women has been reported.

The most common form of hyper
cortisolism is, however, the iatrogenic Cush-
ing’s syndrome that is caused by exogenous
administration of glucocorticoids exploited
for their widespread biological activity (e.g.,
immunosuppressive, oncological use). Iatro-
genic CS is often very severe.

Case Presentation

The patient was a young woman at the age of
26, who was referred to our clinic. She had com-
plaints for 3 years. At first her menstruation had
become irregular with episodes of amenorrhea.
In the next few years, she started to gain weight
and noticed that she got bruised more easily,
and her facial hair growth increased.

Physical examination revealed centripetal
obesity with a BMI level of 32 kg/m? a moon

face with facial plethora; facial hirsutism
(hirsutism is the pathologic growth of hair in
androgen-dependent regions); a thin fragile
skin with wide purple striae on the abdomen,
axillae, and thighs; proximal myopathy; and
high blood pressure — 150/100 mm Hg (8 Figs.
3.1 and 3.2).

The initial laboratory tests showed dyslipid-
emia and impaired fasting glucose.
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O Fig. 3.1 General appearance of the patient

revealing centripetal obesity; wide purple striac on @ Fig.3.2 Facial hirsutism in our patient
the abdomen, axillae, and thighs; and proximal

myopathy

0 Considering the history of the patient and In addition to the alarming signs com-

the findings from the physical and labo-
ratory examination, is there any clinical
suspicion of hypercortisolism? Does the
patient have any signs and symptoms spe-
cific for CS?

0 Among the subject groups, which the

Endocrine Society guideline recommends
to be tested for CS, are the patients with
(1) multiple and progressive features, par-
ticularly those with a high discriminatory
value for hypercortisolism, and (2) unusual
features for age.

Hypercortisolism is a syndrome of
diverse clinical features. Most of them,
however, are quite common in the general
population (weight gain, acne, hirsutism,
menstrual abnormalities, osteoporosis),
and very few, if any, are specific for CS,
e.g., catabolic features (proximal myo-
pathy, purple striae, easy bruising) and
centripetal obesity.

patible with the syndrome (centripetal
obesity, wide purple striae, easy bruising,
proximal myopathy), our patient presented
with arterial hypertension at a much ear-
lier age than would otherwise be expected.
Indeed, early onset of hypertension (i.e.,
<30 years) should raise suspicion of sec-
ondary hypertension (endocrine hyperten-
sion in our case). Her bone mineral density
was normal.

Given the high prevalence of many of
the signs and symptoms of hypercortiso-
lism in the general population and the
rarity of CS, there is a certain risk for
false-positive diagnosis. Therefore, care-
ful consideration should be given to iden-
tification of the patients with substantial
clinical suspicion of hypercortisolism who
are eligible for further biochemical testing.
(The symptoms of CS are presented in
detail in the chapter on adrenal Cushing’s
syndrome (» Chap. 27).)
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0 What are the first-line biochemical tests to

be done in a patient with suspected hypercor-
tisolism?

O Before conducting any laboratory tests

for establishing the presence of hypercor-

tisolism, the possibility of iatrogenic CS

due to exogenous glucocorticoid exposure

must be excluded.
The following measurements are rec-

ommended for initial testing:

1. Urinary free cortisol (UFC)

2. Late-night cortisol (salivary or serum)

3. 1 mg overnight dexamethasone supp-
ression test (DST) with administration
of dexamethasone between 23:00 h and
midnight and measurement of serum
cortisol between 08:00 and 09:00 h on
the next morning

The screening tests reflect different physi-
ologic abnormalities in CS: excessive inte-
grated daily cortisol production (UFC),
loss of diurnal cortisol nadir (late-night
cortisol), and impaired response to gluco-
corticoid negative feedback (DST). Thus,
they are complementary, and the use of
more than one test is particularly helpful,
especially considering that each one of
them has its limitations.
Diagnostic criteria that suggest CS are:
== UFC greater than the normal range for
the assay
== Late-night salivary cortisol above the
normal range
= “Awake” late-night serum cortisol level
of >7.5 pg/dL (207 nmol/L)
== Serum cortisol >1.8 pg/dl (50 nmol/L)
after 1 mg overnight DST

As our patient had no past history of
steroid drug use, we proceeded to bio-
chemical confirmation of CS — the first
diagnostic step.
The initial laboratory tests showed:
= UFC: 450.4 nmol/24 h [normal range,
38-275 nmol/24 h]
== Late-night serum cortisol: 1291.9 nmol/L

== Serum cortisol after 1 mg overnight
DST: 276.2 nmol/L

Thus, the clinical suspicion of hypercorti-
solism was confirmed biochemically.

o Is there a possibility of a functional

hypercortisolic state, i.e., pseudo-Cushing in
this patient?

@ The terms “functional hypercortisolic

state,” “hypercortisolism in the absence
of Cushing’s syndrome,” and “pseudo-
Cushing” refer to conditions associated
with unspecific overactivity of the hypo-
thalamic—pituitary—adrenal (HPA) axis.
This could be observed during pregnancy
and intense chronic exercise or in patients
suffering from major psychiatric disor-
ders, chronic alcoholism, poorly controlled
diabetes mellitus, morbid obesity, mal-
nutrition, and anorexia nervosa. In these
conditions, higher brain centers stimulate
corticotropin-releasing hormone (CRH)
release with subsequent activation of the
entire HPA axis, but without true CS,
i.e., hypercortisolism is not autonomous.
Nevertheless, it may produce results of
the screening tests suggestive of CS (usu-
ally mild). Therefore, the 2 mg 48 h (low-
dose) DST (4 X 0.5 mg dexamethasone for
2 days) is recommended as an optimal test
for distinguishing between CS and pseudo-
Cushing. The 2 mg 48 h low-dose DST can
be combined with a CRH test (see later) at
the end (Janovsky test).

Our patient did not present with any
of the conditions associated with pseudo-
Cushing — it was considered unlikely, and
we proceeded to establishing the cause of
the CS.

o What is the cyclical Cushing’s syndrome?

@ Cyclical CS is a rare condition where

periods with active CS and eucorti-
solemia alternate. It can occur in all forms
of endogenous CS, but most often in
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CD. Hormonal tests will only be positive
for CS during the active periods.

0 What is the first step in identifying the source

of hypercortisolism?

@ After the diagnosis of CS is established,

ACTH is measured as a first step to deter-
mine its cause. In the patients with low or
undetectable values, ACTH-independent
CS is suspected, and they should next
undergo adrenal gland imaging. Those
with normal (but inappropriate relative
to the increased cortisol levels) or ele-
vated ACTH values should undergo addi-
tional testing required for the differential
diagnosis of ACTH-dependent CS (CD
or ectopic CS). Usually, the higher the
ACTH concentrations are, the more likely
an ectopic source is considered. There are,
however, no cutoffs proven to differenti-
ate unequivocally CD from ectopic CS,
as well as ACTH-dependent from ACTH-
independent CS (up to 40% of the patients
with ACTH-independent CS might have
ACTH values in the normal range).

The serum ACTH level of our patient
was 20.7 pmol/L [normal range, 2.2—
12.2 pmol/L] — a concentration consistent
with ACTH-dependent CS. The nearly
twofold elevation of ACTH requires fur-
ther comprehensive testing to distinguish
CD from ectopic CS.

0 Given the limitations of ACTH measure-

ment, could pituitary MRI be conclusive in
the differential diagnosis between different
forms of CS?

o The large majority (90%) of the pituitary

adenomas causing CD are microadeno-
mas and are detectable on MRI in only
~60% of the patients. It is suggested that
40-60% of the patients with CD have
occult corticotroph microadenomas that
are not visible even on pituitary MRIs
performed at experienced centers. On the
other hand, 10% of healthy adults have
pituitary lesions on MRI. Small pituitary
adenomas can be observed in patients with
ectopic CS as well. Hence, the presence of
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a lesion does not definitively confirm the
diagnosis of CD or identify the causal
tumor. However, the detection of a pitu-
itary lesion compatible with an adenoma,
especially if at least 5-6 mm in diameter, is
suggestive of CD.

The MRI of our patient showed a 5.5 mm
intrasellar adenoma. Nevertheless, we con-
tinued our investigations to exclude the pos-
sibility (even if not high) of ectopic CS.

@ What other tests could be useful in the dif-

ferential diagnosis between CD and ectopic
Cs?

@ The differentiation between CD and

ectopic ACTH secretion could be quite
difficult, but is essential for appropriate
therapy. Algorithms are based on imaging
studies, biochemical tests, such as the CRH
stimulation test, high-dose dexamethasone
suppression test (HDDST), as well as the
bilateral inferior petrosal sinus sampling
(BIPSS) when the abovementioned imag-
ing and biochemical investigations prove
inconclusive.

The HDDST relies on the principle
that ACTH secretion in CD usually under-
goes partial or full suppression by high
doses of dexamethasone, whereas ectopic
tumors exhibit no sensitivity to glucocorti-
coids. HDDST can be performed either in
a 2-day protocol (4 X 2 mg dexamethasone
daily (altogether 16 mg for 2 days) or in an
overnight manner (8 mg dexamethasone
taken at midnight and blood drawn the
next morning). Various thresholds have
been proposed, with a percentage of uri-
nary or serum cortisol suppression varying
from 50% to 90%, or a serum cortisol con-
centration <50 nmol/L (or <140 nmol/L)
on day 3.

In our patient a borderline response to
the HDDST was observed. This justified
further investigation, and therefore a CRH
stimulation test was performed.

The diagnostic utility of the CRH test
(similar to the HDDST) is also based on
the rationale that corticotropinomas, but
not ectopic ACTH-secreting tumors, usu-
ally retain some responsiveness to normal




30

S. Zacharieva and |. Uzunova

regulatory mechanisms. The adminis-
tration of CRH results in the increase
of ACTH and cortisol levels due to the
expression of CRH receptors by the ade-
nomatous corticotroph cells, and the more
intense the response is, the more likely the
diagnosis of CD is. However, there isn’t
any definitive cutoff value to distinguish
between CD and ectopic ACTH secre-
tion, either. Nevertheless, an increase in
the serum ACTH and cortisol levels >50%
within 30 minutes of CRH administration
could suggest CD.

In our case, ACTH concentrations
increased slightly more than twofold
(from 13.1 pmol/L to 26.4 pmol/L),
and serum cortisol showed an elevation
of almost 50% — from 387.4 nmol/L to
566.4 nmol/L. The results are thus com-
patible with CD.

Q What kind of invasive test can be done to

differentiate Cushing’s disease and ectopic
ACTH syndrome?

@ A reliable, but invasive, test that could

allow for the discrimination between CD
and ectopic CS is BIPSS. It compares
ACTH levels in peripheral vessels and in
both sides of the inferior petrosal sinus
(IPS) after CRH administration. CD is
suggested by IPS/peripheral ACTH ratios
>2 prior to CRH stimulation and by ratios
>3 after its administration. BIPSS is con-
sidered by some authors as the “gold stan-
dard” for distinguishing ectopic CS from
CD. In current algorithms, BIPSS is pro-
posed as a third-line test, after pituitary
MRI and dynamic endocrine tests. The
safety and efficacy of the procedure are
adequate with trained neuroradiologists.

Unfortunately, the patient did not fol-
low our recommendation and referred
to an inexperienced center, where the
catheterization was performed without
CRH stimulation and the results could
not be interpreted. In order to further
exclude the possibility of ectopic CS, we
performed some additional investiga-
tions — CT/MRI imaging of the thorax
and abdomen, BFDG-PET-CT, serum

S-hydroxyindoleacetic acid, and chromo-
granin A (biochemical markers for neuro-
endocrine tumors). None of them showed
pathological findings.

In conclusion, based on the serum
ACTH levels, the MRI data for a pituitary
microadenoma, the response of the serum
ACTH and cortisol during the HDDST
and the CRH stimulation tests, the normal
serum potassium levels, the absence of any
pathological findings from the other imag-
ing studies, as well as the relatively slow
progression of the symptoms (for at least
3 years), the diagnosis of CD was estab-
lished in our patient.

Q What is the first-line treatment for CD?

o At present, transsphenoidal surgery (TSS),

performed by an experienced pituitary
neurosurgeon, is the treatment of choice
for the vast majority of patients with CD
(exceptions being patients with contrain-
dications to surgery or those who decline
surgery). About 65-90% of the patients
with microadenomas and 40-65% of those
with macroadenomas achieve endocrine
remission after TSS by an experienced sur-
geon.

Following the recommendations, we
referred our patient to an experienced pitu-
itary neurosurgeon who performed a TSS
with gross total resection of the adenoma.

0 What are the criteria of remission and the

predictors of recurrence after a TSS?

@ shortly after a successful resection of an

ACTH-producing tumor, both ACTH
and cortisol concentrations are expected
to be low because normal corticotroph
cells are not able to overcome suppres-
sion by the preceding hypercortisolism in
the early postoperative period. Remission
is generally defined as morning serum
cortisol values <5 pg/dL (138 nmol/L) or
UFC < 10-20 pg/24 h (28-56 nmol/24 h)
after selective tumor resection. Higher
levels are usually a sign of unsuccessful
surgery and require further testing. Major
predictors of recurrence are also the evi-
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dence of a macroadenoma preoperatively
(45% vs. 20-30% in microadenomas) and
early recovery of the HPA axis (within the
first 6 months after the TSS).

O Measurement of baseline morning cortisol

and/or serum cortisol response to ACTH
stimulation test or insulin-induced hypo-
glyce ia is recommended to assess the
recovery of the HPA axis.

Recurrence is established by the tests
used for the screening of hypercortisolism.
The increased late-night cortisol appears
to be the earliest biochemical sign of recur-
rence mainly due to residual tumor. In
some cases, a CRH stimulation test might
be useful, and an increase of ACTH and
cortisol levels is indicative for a residual
tumor.

In addition to biochemical tests, a
postoperative pituitary MRI scan should
be obtained within 3-6 months after the
TSS.

Our patient was admitted for post-
operative evaluation 3 months after the
TSS. She claimed that she was feeling better
after the surgery and had lost some weight.
The laboratory tests revealed, however,
that she was still hypercortisolemic — her
UFC was 561.1 nmol/24 h [normal range,
38-275 nmol/24 h], and her late-night
serum cortisol was 934.9 nmol/L. There
was no improvement in her blood pres-
sure, lipid profile, and carbohydrate meta-
bolism, either. The postoperative MRI
scans showed no residual adenoma.

o What are the second-line treatment options

after an unsuccessful TSS?

@ In the patients with CD who underwent

a non-curative surgery, there are several
available second-line therapies including
repeat TSS, radiotherapy, medical therapy,
and bilateral adrenalectomy. Patients with
persistent or recurrent CD after initial TSS
may undergo a second surgical procedure.
Of note, endocrine remission is far less
likely after repeat TSS, and the risk of sur-
gical complications appears to be higher.
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Moreover, repeat TSS is recommended
in patients with evidence of incomplete
resection, or a pituitary lesion on imaging.

Therefore, this did not appear to be a

reasonable option in our case.
Radiation-based therapies can also be

considered if CD is sustained after surgery.

They include fractionated radiotherapy

and stereotactic radiotherapies (Gamma

Knife surgery, CyberKnife, and proton

beam therapy). They have, however, sig-

nificant limitations:

== The effect only begins to manifest itself
after an average of 2 years.

== Tumor control is observed in 83-100%
of patients, but endocrine remission
occurs in 28-84% after a variable time
interval during which patients require
medical therapy to control
hypercortisolism.

== Hypopituitarism is observed in
approximately 40% of the patients (up
to 85% after 15 years).

== Might be accompanied by secondary
brain tumors in 1-2% of the patients.

== There is a risk of optic neuropathy
(1-2%) and other cranial neuropathies
(1%).

== The risk of stroke is increased.

@ Based on the evidence that tumor size is

better controlled than hypercortisolism,
radiotherapy is recommended predo-
minantly in the cases raising concerns
about mass effects or invasion associated
with corticotroph adenomas.

Given that our patient had no visible
residual lesion on the postoperative MRI
scans, we refrained from radiotherapy and
opted for the other remaining treatment of
choice — medical therapy. The medications
most frequently used for the treatment of
CS are inhibitors of adrenal steroidogenesis.
In the cases of Cushing’s disease, another
medical treatment option is pituitary-
directed therapy as well as glucocorticoid
receptor antagonists (e.g., mifepristone).
Tumor-targeted pharmacological treatment
(dopamine agonist cabergoline and second-
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generation somatostatin analog pasireotide)
leads to normalization of UFC in 20-40%
of the patients.

In our patient, the steroidogenesis
inhibitor ketoconazole was initiated.
Ketoconazole administration (600 mg/d)
resulted in UFC and late-night serum cor-
tisol normalization. The patient continued
to lose some weight, her blood pressure
improved, and a couple of months later,
her menstrual cycle became regular again.

0 What are the main concerns associated with

Ketoconazole therapy?

@ Adverse effects associated with ketocon-

azole include:
== Disturbances of the digestive system

A year and a half after initiation of the treat-
ment, however, an escape phenomenon was
observed: elevated late-night and urinary free
cortisol. As the patient did not tolerate higher
doses of ketoconazole, it was discontinued and
substituted with pasireotide (2 X 0.6 mg/d), which
had meanwhile become commercially available.

Pasireotide is a multi-ligand somatostatin
analog able to bind somatostatin receptors 1, 2,
3, and 5, which became the first approved
tumor-targeted pharmacological treatment of
CD. It is shown to normalize UFC, decrease
tumor volume, and improve some of the clinical
signs of hypercortisolism.

Under the treatment with pasireotide, our
patient showed progression of the initially
established impaired fasting glucose to overt

0 BA provides rapid and definitive control

of hypercortisolism and may be consid-
ered for the patients who have recurrent
CD, for whom surgical, medical, and
radiation-based therapies have failed or
are not appropriate, or for those who are
intolerant of the side effects of these treat-
ment modalities. BA may also be elected

== Inhibition of testosterone biosynthesis
resulting in hypogonadism and gyne-
comastia in men; interference with the
masculinization of a male fetus (female
patients should avoid pregnancy)

== Hepatotoxicity

== Substantial potential for drug—drug
interactions with agents metabolized by
the cytochrome P4503A4 system

= QT prolongation

Fortunately, our patient had no major side
effects, except for some gastrointestinal
discomfort and mild asymptomatic eleva-
tion of transaminases.

@ What are the pros and cons of bilateral adre-
nalectomy (BA) in patients with CD?

Case Continued

diabetes. Moreover, she turned out to be a
complete nonresponder to pasireotide, and a
couple of months later, it was discontinued.

Afterward, she was enrolled in a clinical
trial with a mnovel inhibitor of adrenal
steroidogenesis. During the next almost 2 years,
her condition improved significantly — both
serum and urine cortisol levels normalized;
body weight decreased, as well as facial hair
growth and blood pressure; and menstruation
became regular again. Unfortunately, 2 years
after enrollment in the study, loss of response
was observed. MRI scans still showed no
pituitary lesion.

After extensive discussions we decided to
exploit our last treatment option — bilateral
adrenalectomy.

upon by the patients who are concerned
about the potential adverse events asso-
ciated with radiotherapy as well as by
women who are planning to conceive. It is
almost always performed laparoscopically
with low morbidity and a 10-year mortal-
ity of 3% in patients with CD.

However, BA leads to permanent
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primary adrenal insufficiency and the 9 What other considerations should be kept in

consequent requirement for lifelong gluco-
corticoid and mineralocorticoid replace-
ment. In addition, it has been associated
with subsequent corticotroph tumor pro-
gression (in about 50% of the patients),
which may further progress to Nelson syn-
drome (in 8-20%) due to the falling out of
the negative feedback after BA (pituitary
ACTH-producing tumors retain some
responsiveness to cortisol feedback as
shown in the dynamic test with high-dose
dexamethasone). In these cases, tumor
growth may cause mass effect and signifi-
cant elevation in ACTH levels, leading to
skin hyperpigmentation. Nelson syndrome
is less likely in the patients without visible
tumor at the time of adrenalectomy (as in
our case) or in those who had pituitary
radiotherapy.

Q What evaluations are recommended in our

patient after the BA?

Q Postoperatively glucocorticoid and min-

eralocorticoid replacement was initi-
ated — prednisone (5 + 2.5 mg/d) and
fludrocortisone acetate (50 pg/d). Up to
date the patient is adequately substituted
and has no complaints. Long-term follow-
up is underway.

Apart from careful control of the
replacement therapy, lifelong follow-up
is mandatory because of the possibility
of Nelson syndrome. Although the likeli-
hood is very low considering that the last
MRI scans showed no pituitary lesion,
regular investigations should include
clinical examinations for hyperpigmen-
tation, ACTH measurements, and MRI
scans evaluating for corticotroph tumor
progression.

mind?

O The signs and symptoms of CS resolve

gradually over a period of 2-12 months
after effective cure. Long-term follow-
up should include also monitoring and
adjunctive treatment for the specific
comorbidities associated with CS (e.g.,
cardiovascular risk factors, osteoporosis,
psychiatric disorders, increased risk for
thromboembolism) until their resolution.
Some patients may also have impaired
quality of life despite the remission of
hypercortisolism, and there are findings
showing permanent neurological-psy-
chiatric alterations in the patients already
free of disease.

It should be noted that 5 years after
remission, cardiovascular risk is higher
in CD patients than in general popula-
tion and the extent of recovery from these
complications is inversely associated with
the duration of hypercortisolism. Despite
available treatments for comorbidities,
mortality of the patients with CD is still
higher than that of the general population.

The reader is advised to read the two
other chapters on hypercortisolism:
adrenal Cushing’s syndrome (» Chap. 27)
and ectopic ACTH syndrome caused
by a bronchial neuroendocrine tumor
(» Chap. 45). The symptoms of Cushing’s
syndrome are presented in more detail in
the chapter on adrenal Cushing’s syndrome.



34

S. Zacharieva and |. Uzunova

Take-Home Messages

== Cushing’s disease (CD) is caused by
pituitary ACTH-secreting tumors and
is the most common form of endog-
enous Cushing’s syndrome.

== Prolonged hypercortisolism leads to

significant comorbidities, increased
mortality, and impaired quality of life
in patients with CD.

== The early accurate diagnosis and treat-
ment of CD has an impact on long-
term outcomes.

== Optimal treatment involves localization
and complete resection of the ACTH-
secreting pituitary adenoma.

= [n patients with CD not cured by pitu-
itary surgery, medical therapy targeting
the corticotroph tumor such as caber-
goline and pasireotide is a second-line
option.

= Inhibitors of adrenal steroidogen-
esis could be used to control hyper-
cortisolism in some patients if
corticotroph-targeting therapy is not
effective.

== Pituitary irradiation is another second-
line treatment for persistent or recur-
rent CD.

== Bilateral adrenalectomy is a definitive
treatment for ACTH-secreting pituitary
tumors.

== Patients may have impaired quality of
life for many years despite the remission
of hypercortisolism.
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Opening
This chapter discusses the group of non-func-
tioning pituitary adenomas, their symptoms,

laboratory and imaging features, and treatment
issues.

— Definition of the Disease

Pituitary adenomas are benign, epithelial
neoplasms that originate from the adeno-
hypophyseal cells and represent 10-15% of
all intracranial tumors. According to their
size, they are classified into microadenomas
(<10 mm), macroadenomas (>10 mm), and
giant adenomas (>40 mm). About two-thirds
of pituitary adenomas cause hormone hyperse-
cretion with corresponding clinical symptoms
of prolactinoma (» Chap. 1), acromegaly
(» Chap. 2), or Cushing’s disease (» Chap.
3), respectively. TSH-secreting tumors lead-
ing to secondary hyperthyroidism are casuistic
(incidence is approximately 1-2/million/year).
Clinically non-functioning pituitary adeno-
mas (NFPAs) comprise approximately 22-54%
of all pituitary adenomas. Their prevalence is
7-41 cases/100,000 with a bimodal peak inci-
dence (ages of 25-45 and 60-70 years). The
annual incidence is estimated to be 0.65-2.34
cases/100,000, and there is no gender predomi-

nance. NFPAs are a heterogeneous group of
usually slowly growing tumors with different
histological subtypes. According to the clas-
sification of endocrine tumors of the World
Health Organization (WHO 2017), based on
the immunohistochemical expression of pitu-
itary hormones and pituitary-specific tran-
scriptional factors, NFPAs are classified into
eight subtypes: silent gonadotroph, cortico-
troph, somatotroph, thyrotroph, lactotroph,
plurihormonal Pit-1, null cell, and double/
triple NFPA. Silent gonadotropinomas are the
most common type, and in spite of the posi-
tive expression of LH, FSH, or their subunits,
the serum concentrations of the corresponding
hormones are usually within normal range and
are not associated with typical clinical features.
“Null cell adenomas” are exclusively rare pitu-
itary neoplasms characterized by immunoneg-
ativity for all adenohypophyseal hormones and
a lack of cell-type specific transcription factors.

Case Presentation

We present a case of a 52-year-old man, who
manifested severe headaches and progressive
loss of vision at the age of 30. The patient had
no other complaints. Except for visual distur-
bance, physical examination revealed no other
abnormality. Computed perimetry demon-

0 What are the features from this case that are
suspicious for NFPA?

@ Combination of severe headaches, visual
disturbances, and lack of specific
symptoms related to hypersecretion of
adenohypophyseal hormones in our case is

strated visual field defects, more pronounced in
the left eye. Magnetic resonance imaging
(MRI) visualized a pituitary macroadenoma
30 X 39 X 31 mm in size, with para- and supra-
sellar expansion.

a strong argument in favor of
non-functioning pituitary macroadenoma.

NFPA is a heterogeneous group that
varies from completely asymptomatic to
clinically manifested tumors. Most of
them are incidentally diagnosed on MRI

or CT as asymptomatic microadenomas
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(pituitary incidentalomas). In non-func-
tioning macroadenomas, the main symp-
toms resulting from the mass effect of the
tumor are headache, visual disturbances,
ophthalmoplegia, pituitary apoplexy, and
pituitary hormone deficiency. Headache
and visual field abnormalities, which are
the major manifestations in our clinical
case, are among the most common com-
plaints occurring in 60-80% of all patients.
Tumor enlargement stretches the sellar dia-
phragm with subsequent activation of the
pain receptors of the dura mater. Patients
complain about headaches mostly in the
frontal and occipital regions. Although
visual field defects (quadrantanopia,
bitemporal hemianopsia) are common, the
prevalence of ocular motor abnormalities
due to involvement of cranial nerves III,
1V, and VI is very low (less than 5%).

Case Presentation Continued

After surgery, there was clinical improve-
ment and residual tumor with significantly
reduced volume on the early postoperative
MRI. The patient had no complaints and
was lost to follow-up for more than 2 years.

@ What mistakes were made in the out-patient

preoperative management of the patient?

@ The main questions to be answered in the

preoperative assessment of every patient
diagnosed with pituitary adenoma apart
from tumor size are:

1. Is there pituitary hormone oversecre-
tion? - Preoperative hormonal assess-
ment should include laboratory tests for
hyperprolactinemia, hypercortisolism,
and growth hormone oversecretion. It
enables distinguishing hormone-secret-
ing adenomas from NFPA and identi-
fies potential candidates for conservative
treatment (dopamine agonist therapy in
patients with prolactinomas). It also
provides reliable biomarkers for post-
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operative follow-up of subjects with
hormone-secreting adenomas.

2. Is there pituitary hormone deficiency? -
Screening for secondary hypogonadism,
hypothyroidism, and adrenal insuffi-
ciency (but not hyposomatotropism) is
recommended at diagnosis of all cases
with pituitary macroadenomas (with or
without clinical symptoms) (» Chap. 6
on hypopituitarism). Patients with con-
firmed pituitary deficiencies require pre-
operative hormone replacement therapy
with glucocorticoids and levothyroxine
in order to reduce the risk for periopera-
tive hypopituitarism- and anesthesia-
related complications.

3. Is the imaging technique reliable enough?
- Contrast-enhanced MRI is the pre-
ferred method for the imaging of pitu-
itary adenomas, which enables most
accurate visualization of the tumor
expansion to important neighboring
anatomical structures such as cavern-
ous sinus and optic chiasm. CT should
be performed only in patients contrain-
dicated for MRI.

Q The lack of preoperative hormonal

assessment in the presented case of a large
macroadenoma not only leads to
incomplete diagnosis but also determines
increased intraoperative risk for the
patient if there is hypopituitarism.

@ Which laboratory tests are recommended

in patients with newly diagnosed apparently
NFPA?

O Before laboratory testing, physicians have

to take detailed patient’s history and
perform a full physical examination with
targeted search for the classical signs and
symptoms of hypopituitarism or hormone
hypersecretion of PRL (oligoamenorrhea;
galactorrhea in women, impaired libido,
and gynecomastia in men), GH (typical
signs of acromegaly), ACTH (overt or
subclinical Cushing’s syndrome), or TSH
(secondary hyperthyroidism). Laboratory
tests should include basal measurements
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of prolactin (PRL), thyrotropin (TSH),
free thyroxine (FT4), adrenocorticotropic
hormone (ACTH), cortisol, LH, FSH,
estradiol (in women), testosterone (in
men), growth hormone (GH), insulin-like
growth factor 1 (IGF-1), and alpha subunit
of glycoproteins (if possible).

A predominant part of NFPA produce
gonadotropins, but most of them are not
able to secrete them into circulation, so
elevated baseline subunits of FSH and/or
LH are found in 30% of cases. It is impor-
tant to note that a-subunit may be the sole
biochemical marker of the gonadotroph
subtype NFPA in most patients.

Regarding corticotropinomas, there is a
wide spectrum of ACTH secretion between
“silent” and secreting forms. Progression
from clinically silent corticotroph ade-
nomas toward overt hypercortisolism is
rare. Screening for cortisol excess should
include urinary free cortisol, ACTH, and
overnight 1 mg dexamethasone test.

Exploration for hypopituitarism should
be performed with assays of all anterior
pituitary hormones and the corresponding
peripheral hormones. If this is not possi-
ble, the minimum test panel should include
morning basal levels of FT4, cortisol, LH,
FSH, E2 (in women) and testosterone (in
men). (see chapter on hypopituitarism
(» Chap. 6).

The most frequent deficit is central
(secondary/hypogonadotropic) hypogonad-
ism, followed by secondary hypothyroid-
ism and secondary adrenal insufficiency.
No laboratory testing for hypogonadism
is required in women with spontaneously
regular menstrual cycle. In young women
with amenorrhea, serum FSH value should
be interpreted very carefully. In postmeno-
pausal women who are not on hormone
replacement therapy, the absence of physi-
ological elevation of FSH and LH is con-
sistent with secondary hypogonadism. In
men, central hypogonadism presents with
low serum testosterone, low or inappropri-
ately normal gonadotropins, and features of
testosterone deficiency. Secondary hypothy-
roidism should be suspected if T4 levels are

decreased in combination with low or nor-
mal TSH. Secondary adrenal insufficiency
manifests itself with low baseline serum cor-
tisol at 8 a.m. and blunted cortisol response
to corticotropin/insulin stimulation tests.
GH deficiency occurs in more than half of
patients with hypopituitarism and is con-
firmed by IGF-1 concentrations lower than
the gender- and age-specific normal range.

According to the patient’s history, he
never experienced clinical signs suspicious
for any pituitary hormone oversecretion.
As the patient was not referred to endocri-
nologist and hormonal tests were not per-
formed, preoperative hypopituitarism in
this case can neither be confirmed nor ruled
out.

0 Are dynamic tests recommended for diagno-

sis or follow-up in patients with NFPA?

== QOvernight 1 mg dexamethasone (DXM)
test is recommended as a screening test
for cortisol excess.

== Stimulatory tests (short ACTH stimula-
tion (cosyntropin) test or insulin hypo-
glycemia test) are recommended if
secondary adrenal insufficiency is sus-
pected.

= GnRH or TRH stimulation tests are
not recommended for diagnosis or fol-
low-up of NFPA, being not reliable
enough and predisposing although
rarely to a serious risk for pituitary apo-

plexy.

o What are the typical MRI characteristics of

NFPA?

o MRI of the sellar region (preferably with

gadolinium contrast) is the gold standard
to evaluate NFPA. Thin (<3 mm) sagittal
and coronal T1- and T2-weighted slices
and 3D volume assessment with
reconstruction are strongly recommended.
MRIis the preferred method for visualizing
the relationship of NFPA with the optic
chiasm, carotid arteries, and the degree of
invasion into the cavernous sinuses and
other surrounding structures.
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= In TI-weighted images, the adenomas
appear hypo- or isointense with delayed
enhancement after contrast administra-
tion compared to normal pituitary. In
patients with pituitary apoplexy, the
hemorrhage appears as a hyperintense
lesion in T1-weighted images without
contrast.

= In T2-weighted images, the adenomas
are isointense compared to the white
matter.

o Tumor dimensions (30 X 39 X 31 mm) and
suprasellar adenoma expansion in our
clinical case are strong negative predictors
for surgical outcome.

0 What kind of growth patterns of a sellar
mass can occur?

o If the macroadenoma grows upward from
the sellar cavity, it is termed suprasellar.
Growth toward the sides is called
parasellar, whereas downward it is
infrasellar. These growth patterns can be
combined, e.g., supra- and parasellar.

@ What could be the differential diagnosis in
case of sellar mass with parasellar extension?

o The differential diagnosis of NFPA is often
challenging because of the similar MRI
findings and clinical features of adenomas
and other pituitary lesions. In cases with
atypical radiological findings, other
pathologies should be excluded such as
non-pituitary tumors (craniopha-
ryngiomas, germinomas, chordomas of the
clivus, metastases), granulomatous disease
(tuberculosis, syphilis, sarcoidosis),
histiocytosis X, lymphocytic hypophysitis,
pituitary hyperplasia, vascular aneurysms,
etc.

Contrast-enhanced MRI imaging in
our clinical case presented the typical
hypointense compared to normal adeno-
hypophysis pituitary mass with hetero-
geneous post-contrast enhancement on
T1 images consistent with pituitary mac-
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roadenoma with extrasellar expansion and
without MRI signs of apoplexy.

0 When is ophthalmologic assessment indi-

cated?

0 Ophthalmologic assessment is not required

in patients with microadenomas or
macroadenomas that are far from the optic
chiasm. In patients with visual complaints
and in all cases of tumors adjacent to the
optic chiasm or optic tracts on MRI,
neuro-ophthalmologic assessment should
comprise:

== Visual acuity assessment

= Visual field examination (computed
perimetry; Goldmann method)

== Anterior segment examination

= Fundoscopy

== QOculomotor evaluation (to exclude
diplopia)

o Strict ophthalmologic surveillance should

be performed in all patients in whom
conservative management has been
preferred. Treatment approach depends on
the severity of visual defects and/or their
progression during the follow-up.

= NFPA close to or in contact with the
optic chiasm: If decision for conserva-
tive treatment is made, MRI, hormonal
evaluation, and neuro-ophthalmologic
assessment should be performed every
6 months. Thereafter, in cases with
favorable evolution during follow-up,
these procedures could be performed
annually and then less frequently.

= NFPA remote from the optic chiasm:
Without tumor progression at 1st year,
further MRI surveillance can be per-
formed every 2 years. Annual anterior
pituitary hormonal evaluation is rec-
ommended.

@ What should be the first-line treatment of

NFPA?
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O The main treatment options for NFPA

Case Presentation Continued

include active surveillance, surgical
treatment, and radiotherapy. The treatment
approach should be individualized, based
on tumor size and behavior, pituitary
function, patient’s age and general
condition, as well as the patient’s
preference. Most of NFPAs have a slow
growth rate, approximately 0.6 mm/year
according to literature data.

= Watch-and-wait approach with regular
surveillance of tumor size and pituitary
function is recommended for non-func-
tioning microadenomas and macroade-
nomas remote from the optic chiasm.

= Surgical approach is indicated if tumor
growth, visual field defects, pituitary
dysfunction, or severe headaches are
registered during follow-up. Urgent
surgery is indicated in patients with
pituitary apoplexy who develop neuro-
ophthalmologic complications. Young
patients, especially women planning
pregnancy, are good candidates for sur-
gery because of the higher risk for sig-
nificant tumor enlargement. On the
contrary, in elderly patients with comor-
bidities, decision for surgery should be
made after careful benefit-risk consid-
eration. Transsphenoidal surgery, per-
formed by an experienced pituitary
neurosurgeon, is the preferred method.
Transcranial surgery has limited indica-
tions — large or gigantic tumors extend-
ing into the median fossa and the
cavernous sinuses. Complete surgical
removal of a NFPA is achieved in
approximately 65% and postoperative
improvement of visual disturbances in
80-90% of cases.

Recurrence rate is around 20-30%,
and the most significant recurrence pre-
dictors are the presence of tumor exten-
sion into the cavernous sinus and/or
residual adenoma after initial surgery.

After ophthalmology and neurology con-
sultations, the patient was referred directly
to the Department of Neurosurgery (with-
out endocrinology consultation and preop-
erative ~ hormonal assessment!) and
underwent non-radical transsphenoidal
adenomectomy (TSA) in April 2008.

o Important: The perioperative management

algorithm depends on anterior pituitary
function at diagnosis!

== |n patients with secondary hypothyroidism
andlor secondary adrenal insufficiency,
replacement therapy should be started or
adjusted if already initiated to improve
the patient’s general condition before sur-
gery and to reduce perioperative risk. The
most commonly used scheme for patients
with preoperatively proven corticotroph
deficiency is 48 hours’ supraphysiological
therapy with hydrocortisone: 50 mg TID
(three times daily) on the day of surgery
(DO0), followed by 25 mg TID on the first
day (D1) and a single dose of 25 mg at
8 a.m. on the second postoperative day
(D2). Some expert teams recommend
higher doses: 100 mg hydrocortisone IV
upon induction of anesthesia and then
100 mg IV TID on the first and 50 mg
BID on the second postoperative day.
Patients are usually dismissed from the
hospital on 20 mg daily dose hydrocorti-
sone or another glucocorticoid in equiva-
lent dose.

== In patients with intact hypothalamus—
pituitary—adrenal axis (HPA) at diagno-
sis and if complete adenoma removal is
possible, perioperative glucocorticoid
replacement is not obligatory although
some experts recommend it in order to
prevent intraoperative stress cortico-
troph deficiency.
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O What kind of complications can be expected thought to be caused by a temporary

postoperatively and how to manage them?

@ In a recent meta-analysis on NFPA

patients, transsphenoidal surgery is
associated with 1% mortality. Postoperative
complications such as diabetes insipidus,
rhinoliquorrhea, meningitis, vascular
injury, or new-onset visual field defects
occur in less than 5% of all cases,
predominantly in patients with large
adenomas. Pituitary function should be
reassessed 1-3 months after surgery, and
substitution therapy should be started in
patients with proven hormonal deficiencies.
In the early postoperative period
(7-10 days after surgery), the focus should
be on the adequate substitution of
corticotroph  deficiency and diabetes
insipidus if they exist.

1. Secondary adrenal insufficiency (SAI) —
if left undiagnosed and untreated, it can
result in severe, in some cases even fatal
adrenal crisis. The most reliable marker
for postoperative SAI is the morning
serum cortisol level measured during
the first week after surgery. Cortisol
level at 8 a.m. <100 nmol/L is a positive
predictor, and >450 nmol/L is a nega-
tive predictor for the presence of
SAI.  Levels between 100 and
450 nmol/L require dynamic tests.

The insulin tolerance test (ITT) is
considered to be the gold standard for
assessment the integrity of the whole
HPA axis, but is contraindicated in the
elderly and patients with serious comor-
bidities (epilepsy, ischemic heart disease,
cerebrovascular disease). The short
ACTH  (cosyntropin,  tetracosactide,
Synacthen™) test (250 ug IV) is infe-
rior to ITT in the early postoperative
period. (see the chapter on hypopituita-
rism for more details (> Chap. 6).

2. Transient diabetes insipidus ( DI) occurs
within the first 2448 hours after sur-
gery in up to 30% of patients. It is

traumatic dysfunction of vasopressin-
producing neurons. Treatment with des-
mopressin acetate 5-10 pg TID or BID
(twice daily) s.c. on the first and second
postoperative day is recommended,
switching to oral substitution with 0.1—
0.2 mg TID or BID if DI persists.

3. Transient syndrome of inappropriate
antidiuretic hormone secretion (SIADH )
may also be observed within the first
postoperative week, as a result of uncon-
trolled release of ADH. In rare cases,
SIADH can manifest itself with severe,
life-threatening, acute hyponatremia.

Q How often should postoperative follow-up

hormonal evaluation, imaging studies, and
ophthalmologic assessment be performed?

Q The first postoperative MRI should be

performed 3-6 months after surgery, and
then annual assessment is recommended
during the first 5 years. If no recurrences
are detected, imaging studies may be carried
out every 2 years for the next 5 years.

Postoperative ophthalmologic assess-
ment should be performed 3 months after
surgery, and then the frequency of follow-
up checkups depends on the visual status
and the distance of the tumor from the
optic chiasm.

Hormonal evaluation for hypopituita-
rism should be considered 1-3 months
after surgery and every 612 months there-
after. The risk of new-onset pituitary defi-
ciency is about 10% per year.

@ What are the second-line treatment options

after an unsuccessful neurosurgery?

0 Repeated surgery: According to literature,

30-48% of patients operated on for NFPA
undergo surgical revision, although it does
not seem to improve tumor control, with
persistent residual disease in more than
70% of cases.



42

Case Presentation Continued

S. Zacharieva and A. Elenkova

Medical therapy is usually not a suc-
cessful strategy although most of NFPAs
express dopaminergic (D2R), and about
80% of them have variable subtypes of
somatostatin (mainly SSTR2 and SSTR3)
receptors. On one side, NFPAs do not dem-
onstrate good response to treatment. On
the other hand, in contrast with function-
ing adenomas, the evaluation of the efficacy
of medical therapy is limited by the lack of
a measurable biochemical marker. The only
indicator for therapeutic response in NFPA
is the reduction in tumor volume on imag-
ing studies. Therapeutic response to the
dopamine agonist cabergoline up to 3 mg
per week as postsurgical adjuvant treat-
ment seems the most effective as 30-50%
of treated patients show a significant
reduction in residual tumor volume after
6-12 months of treatment. In one case-con-
trol study, the first-generation somatostatin
analogue octreotide LAR demonstrated
tumor remnant stabilization in 81% of
patients with residual NFPA after a 3-year
mean follow-up. There are several ongo-
ing phase 2 randomized controlled trials
with pasireotide LAR (a second-generation
SST analogue acting on SSTR1, SSTR2,
SSTR3, and STRS subtypes) for the treat-
ment of NFPA, but the initial results are
not encouraging. Temozolomide, an alkyl-

After more than 2 years of clinical remission,
at the end of 2010, our patient experienced
relapse of his headaches and visual distur-
bances. MRI revealed significant residual
tumor growth (50 X 31 X 32 mm) (8 Fig. 4.1)
and panhypopituitarism was confirmed by
hormonal analysis. Glucocorticoid and levo-
thyroxine substitution was initiated, and trans-
sphenoidal re-adenomectomy was performed
in February 2011. The patient was referred to
the University Clinic of Endocrinology (Expert
Center for Pituitary Diseases) for the first time

ating chemotherapeutic drug, is used for
control of aggressive pituitary tumors.
Responsiveness to this drug is considered
to be dependent on the immuno-expression
of O-(6)-methylguanine DNA methyl-
transferase (MGMT), a DNA repair pro-
tein that acts by removing the alkyl group.
Consequently, pituitary tumors with low
MGMT expression demonstrate good
response to temozolomide.

Radiotherapy as a primary therapy is
only limited to the cases where surgery is
contraindicated, or in inoperable cases.
In general, radiotherapy is a postopera-
tive treatment option for cases with large
residual remnants and for NFPA show-
ing progression after surgery. Stereotactic
techniques (stereotactic radiosurgery or
fractionated stereotactic radiotherapy)
provide excellent tumor control in patients
with NFPA (85-95% in 5-10-year fol-
low-up) with more focused irradiation
and lower risk for long-term side effects.
Stereotactic RT may also be a good option
for patients with aggressive highly prolif-
erative tumors, with parasellar invasion.
The major limitation of RT is the long-
term risk of hypopituitarism, followed by
the increased cerebrovascular morbidity
and mortality.

after the second transsphenoidal adenomec-
tomy, with residual macroadenoma
(43 x 30 X 34 mm) and hypopituitarism, on
hydrocortisone and levothyroxine substitution
therapy. Based on the full hormonal evalua-
tion, uncontrolled panhypopituitarism was
confirmed, and the doses of prednisone
(7.5 mg/d) and levothyroxine (100 pg/d) were
adjusted, and monthly long-acting testosterone
intramuscular injections were started after
contraindications were ruled out. Two more
transsphenoidal surgeries (2011, 2013) were
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carried out because of the aggressive behavior
of the tumor. Immunohistochemistry revealed
a null cell p53-positive pituitary tumor with
MIB1/Ki-67 labeling index (LI) = 2%. The
patient was in a stable good condition, with
well-controlled hypopituitarism during the
regular follow-up, but postoperative MRI still
revealed a fast-growing aggressive tumor —
residual pituitary mass 24 X 34 X 36 mm, adja-
cent to the optic chiasm (12 July 2013)
(8 Fig. 4.2). After another routine discussion
by a multidisciplinary team, the case was con-
sidered suitable for radiotherapy, and intensity-
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modulated radiotherapy (IMRT; dose of 54 Gy
in 30 fractions) was performed in January—
February 2015. Post-IMRT magnetic reso-
nance imaging demonstrated significant
reduction by 5-7 mm in all coronal and sagittal
dimensions of the tumor on the second year
and stable finding on the follow-up MRI scans
(8 Fig. 4.3). There was a significant improve-
ment of visual field defects (B Figs. 4.4 and
4.5). The patient is completely asymptomatic,
with well-controlled hypopituitarism under
chronic substitution therapy with excellent
compliance.

O Fig. 4.1

MRI of the pituitary 3 years after the first TSA (transsphenoidal adenomectomy) (February

2011): coronal T1 (left panel) and sagittal T1 (right panel) post-contrast images
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O Fig.4.2 MRI of the pituitary 3 months after the fourth TSA (July 2013): coronal T1 (left panel) and

sagittal T1 (right panel) post-contrast images
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O Fig.4.3 MRI of the pituitary 32 months after the IMRT (intensity-modulated radiotherapy) (October
2017): coronal T1 (left panel) and sagittal T1 (right panel) post-contrast images
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o Left g8

O Fig. 44 Computed perimetry 1 month after the second TSA (March 2011)
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Absolute level [dot scale

O Fig. 4.5 Computed perimetry 5.5 years after the IMRT (June 2020)

o Are there reliable prognostic factors in pa-

tients with NFPA?

@ Over the years, there has been an extensive

search to identify reliable factors related to
aggressiveness and the risk of recurrence
in NFPAs. The presence of residual tumor,
tumor growth rate (>80 mm?Yy), and
suprasellar expansion are considered to be
factors determining recurrence rate.
Secondary progression is higher in
conservatively followed patients (63%)
compared to those who underwent surgery
(36%), radiotherapy (13%), and combined
surgery/adjuvant  radiotherapy  (13%).
Other significant predictors for biologically
aggressive tumor behavior are female
gender, high THC proliferative indexes
(MIB1/Ki-67 > 3%; with 73% sensitivity
and 97% specificity), and p53 positivity.

Case Presentation Conclusion

Despite the excellent response to radio-
therapy and the proliferative index
Ki-67 = 2%, which is lower than gener-
ally accepted cutoff (3%), p53 positivity of
the above-presented NFPA requires close
MRI surveillance. Cabergoline (high-dose)
or temozolomide treatment could be dis-
cussed as adjunctive therapeutic option if
tumor growth is observed through further
follow-up.

The reader is advised to read the other
chapters on pituitary adenomas including
prolactinoma (» Chap. 1), acromegaly
(» Chap. 2), and Cushing’s disease
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and the chapter on

hypopituitarism (» Chap. 6). Disorders of
antidiuretic hormone (diabetes insipidus

(» Chap. 9) and the
inappropriate

syndrome of
antidiuretic ~ hormone

secretion (SIADH, » Chap. 10) are useful
to read.

Take-Home Messages

Non-functioning pituitary adenomas
(NFPAs) are benign adenohypophyseal
tumors not associated with clinical
evidence of hormonal hypersecretion.
NFPAs comprise different histological
subtypes, classified according to
their immunostaining to different
adenohypophyseal — hormones
transcription factors.

A predominant part of NFPA produce
gonadotropins, but are not able to
secrete them into circulation (silent
gonadotropinomas).

Most of NFPAs are asymptomatic and
are diagnosed incidentally on MRI or
CT as pituitary incidentalomas.

In macroadenomas the main symptoms
resulting from the mass effect of the
tumor are headache, visual disturbances,
and pituitary hormone deficiency.

The most frequent pituitary deficit is
central hypogonadism, followed by

and

secondary hypothyroidism and
secondary adrenal insufficiency.
Dynamic tests are recommended only if
secondary adrenal
suspected.
Magnetic resonance imaging (MRI) of
the sellar region with and without
gadolinium contrast is the gold
standard to evaluate NFPA.

Treatment options for NFPAs include
active observation, surgical treatment,
and radiotherapy.

Follow-up is individualized and should
consider tumor size, prior treatments,

and clinical symptoms.

insufficiency is
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Opening

In this chapter we will discuss the clinical
features, diagnosis, and treatment of
craniopharyngiomas that are tumors located in

the sellar region, but do not originate from cells
of the pituitary, but from the remnants of the
Rathke’s pouch.

— Definition of the Disease

Craniopharyngioma is a histologically
benign, solid or mixed solid, and cystic tumor
that arises from the remnants of the Rathke’s
pouch along the line from the nasopharynx
to the diencephalon. The tumor is localized
mostly in the suprasellar region, but it can
have an intrasellar component, too. Only
5-6% of the cases have only intrasellar local-
ization. Histologically this tumor is referred
to as a Rathke’s pouch tumor or a hypophy-
seal duct tumor.

Craniopharyngiomas are rare tumors,
having an incidence of around 1.3/1 mil-
lion individuals per a year. The tumor has a
bimodal distribution with a peak in childhood

between 5 and 14 years of age and the second
peak in adults between 50 and 75 years of age.

There are two types of craniopha-
ryngiomas. Adamantinomatous craniopha-
ryngioma occurs mostly in children, and it is
often associated with somatic mutations in
the CTNNBI gene coding for p-catenin.
Papillary craniopharyngiomas, on the other
hand, are more common in adults and are
typically associated with somatic mutations
of the BRAF oncogene.

Despite being histologically benign and not
giving metastases, due to their localization and
invasive behavior, craniopharyngiomas can be
associated with severe clinical complications.

Case Presentation

A 38-year-old male patient was complaining
about decreased libido, weight gain, blurry
vision, and partial vision loss. Ophthalmological
investigation revealed a lower temporal scotoma
and bitemporal hemianopsia. Subsequent sella
MRI showed a suprasellar, 28 x 20 X 20 mm
structure with two big and several smaller cysts.

0 What can be suspected based on the symp-
toms of the patient?

0 Both mass effects of a large pituitary tumor
manifesting itself in blurry vision and visual
field defects and also signs of
hypopituitarism  can  be  suspected.
Decreased libido and weight gain can be
signs of secondary (hypogonadotropic)
hypogonadism.

The diagnosis of craniopharyngioma
cannot be suspected based on the symp-

The tumor was fully removed via a transs-
phenoidal intervention, and the histology con-
firmed craniopharyngioma. The patient was
referred to our center after surgery for a post-
operative hormonal evaluation.

toms. The symptoms are only character-
istic for a pituitary mass, but its etiology
cannot be suspected based on the symp-
toms only.

Craniopharyngiomas are slowly grow-
ing tumors. Symptoms are usually present
for a year or more before the diagnosis is
established.

Visual symptoms are frequent in
patients with craniopharyngioma, due
to the compression of the optic chi-
asm or both optic nerves. This can lead
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to blurry vision, decreased visual acu-
ity, or even visual field defects including
the typical bitemporal hemianopsia. In
severe cases, even blindness can occur.
Headaches are present in more than 50%
of patients that can be related to the trac-
tion of pain-sensitive structures by the
tumor, or to obstructive hydrocephalus
from tumor compression of the third
ventricle. Similarly to other suprasellar
tumors, large lesions can result in other
severe neurological complications such as
cranial nerve palsies, invasion of the cav-
ernous sinus, increased intracranial pres-
sure, etc.
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thyroid (TSH, fT4) and adrenal functioning
(serum cortisol), but other pituitary axes
including GH/IGF-1, gonadotropins,
testosterone/estradiol, and prolactin can
also be measured. The preoperative
hormone panel for our patient (taken at
another institution) showed a normal
morning cortisol (15.16 pg/dL, normal
range, 8.00-25.00), a normal TSH (0.716
mlIU/L, normal range, 0.35-4.940), mildly
elevated prolactin (31.69 ng/mL, normal
range, 1.20-10.70), and severely reduced
total testosterone (0.60 ng/mL, normal
range, 2.80-8.00). Unfortunately, no fT4,
LH, and FSH were done. The mild
elevation of prolactin could be the result

Q What kind of endocrine disturbances can oc-
cur due to a craniopharyngioma?

of a pituitary stalk lesion.

Q Which imaging techniques can be used for

o Craniopharyngioma is always inactive craniopharyngioma, and what are the typical

hormonally, as it is not a tumor deriving
from the pituitary itself. Its hormonal
consequences are related to mass effects
including the suppression of normal
pituitary functioning; thus deficiencies in
pituitary hormones and even panhypopi-
tuitarism can occur.

The symptoms and presentation of
hypopituitarism caused by a craniopha-
ryngioma do not differ from other causes
of hypopituitarism (detailed in the next
» Chap. 6 on hypopituitarism).

The most frequent hormonal altera-
tion is the deficiency of growth hormone
(GH) that is observed in 75% of the cases.

Deficiency in gonadotropins, TSH,
and ACTH can also occur.

Reduction in prolactin (PRL) produc-
tion is uncommon in craniopharyngioma.
Large craniopharyngiomas can paradoxi-
cally elevate blood PRL levels due to pitu-
itary stalk compression.

Q What did the preoperative hormone panel

show?

o A Dbasal preoperative hormone testing

should at least include measurements for

imaging features?

O As for pituitary imaging, sella MRI is the

technique of choice for visualizing
craniopharyngioma. Computed tomography
(CT) can also be helpful to detect the
calcification of the tumor. Cysts and solid
components of the tumor can be visualized
by both techniques.

In our case, sella MRI scan showed a
suprasellar tumor, ventral from the chi-
asma opticum that was 28 X 20 X 20 mm
large with two bigger and several smaller
thin-walled cysts. Near the cysts’s
meeting  points, an inhomogeneous
10 X 12 X 10 mm solid component was
described. The surrounding cerebral tis-
sue, hypothalamus, thalamus, and corpus
mamillare were compressed and dislocated
by the tumor. The caudal part of pituitary
stalk was deviated to the right. The chiasma
was dislocated dorsally, and its left ventral
side was thickened (B Fig. 5.1a, b).

What are the differences between ada-
mantinomatous and papillary craniopha-
ryngioma on imaging?

Adamantinomatous craniopharyngi-
oma has cauliflower-like shape appearance
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on MRI with 90% calcifications and 90%
cysts which contain cholesterol-rich oily
fluid. Papillary craniopharyngiomas on
sella MRI are typically solid tumors that
are rarely cystic without calcifications.

@ What is the treatment of choice for cranio-

pharyngioma?

@ The first-line treatment is neurosurgical

intervention, which is indicated in almost
all cases. The goal is to remove as much
tumor as possible and to diminish the
mass-related symptoms.

In patients with large cystic tumor
components, preoperative cyst aspiration
can be performed to reduce the mass effect
or to relieve obstructive hydrocephalus.

The second-line treatment option is
radiotherapy (RT) that is mainly used in
patients with residual disease after a par-
tial neurosurgical resection.

In our case, the craniopharyngioma
was removed via a transsphenoidal route,

o Deficiencies  for

T1-weighted MRI showing the tumor in circle on a sagittal a and coronal b section

and the histological examination revealed
an adamantinomatous craniopharyngi-
oma which is relatively rare in adults.

o What kind of complications can we expect

postoperatively?

various  pituitary
hormones and even panhypopituitarism
can develop postoperatively. Moreover,
hypothalamic dysfunction might also arise
that can lead to severe obesity, sleep
disorders, diabetes insipidus, or problems
with temperature regulation (mainly
hyperthermia). Visual disturbances can be
aggravated by surgery or RT. Patients with
craniopharyngioma have an increased risk
for cerebrovascular hemorrhage or
ischemic cerebrovascular disease. The use
of RT has been associated with secondary
cerebral malignancies like meningioma or
malignant glial tumors.
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Case Continued

Postoperative hormonal evaluation is war-
ranted in every patient operated for craniopha-
ryngioma. B Table 5.1 presents the results of
the postoperative hormone panel. The hor-
mone panel shows secondary adrenal insuffi-
ciency (low cortisol and ACTH), secondary
hypothyroidism (low TSH and fT4), and sec-
ondary (hypogonadotropic) hypogonadism
(low gonadotropins, low free and total testos-

O Table 5.1

Hormone Value
Serum cortisol 4.58
Plasma ACTH 1.04
TSH 0.172
T4 10.00
FSH 0.11
LH 0.03
PRL 62.23
Free testosterone 6.80
Total testosterone 0.27
SHBG 41

SHBG sex hormone-binding globulin

The reader is advised to read the chapter
on non-functioning pituitary adenoma,
the next chapter on hypopituitarism, and
the chapter on diabetes insipidus.

Take-Home Messages
== Craniopharyngioma is a benign, rare

terone with normal SHBG). The patient also
reported polydipsia and polyuria due to diabe-
tes insipidus. Desmopressin was started along
with treatment for adrenal insufficiency and
central hypothyroidism (hydrocortisone and
levothyroxine, respectively), and the patient
later also received testosterone substitution.
The treatment for hypopituitarism and dia-
betes insipidus is the same as in other settings.

Postoperative hormone findings in the patient’s case

Unit Normal range
pe/dL 8.00-25.00
pg/mL 5.0-60.0
mlU/L 0.35-4.940
pmol/L 9.00-23.00
TU/L 1.5-12.4
1U/L 1.7-8.6
ng/mL 1.20-10.70
pg/mL 100.00-500.00
ng/mL 2.80-8.00
nmol/L 11.3-52.3

= [ts primary treatment is surgical.

Irradiation therapy can be used as
second line.

== Postoperative hypopituitarism occurs in
most patients.
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solid or mixed solid, and cystic tumor
of the sellar region.

== The suspicion of craniopharyngioma
can be raised by its typical imaging
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Opening

In this chapter the reader will be informed
about the specific clinical features, diagnosis
and treatment of pituitary insufficiency, in
other words hypopituitarism.

Definition of the Disease
The pituitary gland is the main regu-
latory organ of the endocrine system
that consists of two lobes: the anterior
lobe (adenohypophysis) which produces
ACTH (adrenocorticotropic hormone),
TSH (thyroid-stimulating hormone), LH
(luteinizing hormone), FSH (follicle-
stimulating hormone), GH (growth hor-
mone), and PRL (prolactin) and the
posterior lobe where antidiuretic hormone
(ADH)/vasopressin and oxytocin pro-
duced by hypothalamic cells are stored.

Hypopituitarism is a rare condition
characterized by the complete or partial
absence of one, or more, or all of the hor-
mones in the anterior lobe of pituitary
gland that is sometimes associated with the
absence of hormones of the posterior lobe,
as well. (The deficiency of ADH leads to
central (neurohypophyseal) diabetes insipi-
dus that is discussed in » Chap. 9, whereas
no clinical signs have been associated with
oxytocin deficiency to date.)

The term panhypopituitarism refers to
the clinical condition if most or all pitu-
itary hormones are lacking.

The clinical manifestations of the dis-
ease are greatly dependent on the etiology
and severity of the hormone deficiency,
age of the patient, and duration of disease.

Hypopituitarism can be reversible or
permanent, congenital or acquired, and
sporadic or familiar.

Treatment and prognosis depend on
the extent of hypofunction and the causes
of the disease.

The explicit incidence of hypopituita-
rism is unknown, but it is estimated at 5-50
cases per 100,000, with occurrences identi-
fied in both sexes.

A 57-year-old man was referred to our
endocrinological consultation because of
decreased libido, reduced facial and body
hair, weight loss, headache, and general
fatigue (B Fig. 6.1). He complained of diz-
ziness especially when standing up.

His blood pressure was low
(90/60 mmHg), and orthostatic hypoten-
sion was observed.

A previously performed laboratory test
has shown discrete normocytic anemia, a
mild hyponatremia (131 mmol/L, normal
serum Na*, 135-145 mmol/L) elevated cho-
lesterol levels, and normal TSH and low
fT4 (free L-thyroxine) levels.

Ophthalmological examination con-
firmed bitemporal hemianopsia.

O Fig. 6.1 Portrait of the patient. Note the fine
wrinkles of the skin and lack of facial hair that
are typical features of hypopituitarism in males

@ What are the characteristics of this case that

make us suspect the possibility of a pituitary
disease?

0 Headache, general fatigue, hypotension,

the signs of hypogonadism, and the visual
disturbance raise the possibility of a pitu-
itary pathology.
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0 Sella MRI (magnetic resonance imaging)
showed a large intra- and suprasellar
tumor (B Fig. 6.2).

O What can be inferred from the baseline hor-
mone levels presented in @ Table 6.1?

O All hormone levels except TSH are low.
The pattern of such hormone alterations is
characteristic for secondary hormone defi-
ciencies that are caused by the lack of pitu-
itary hormones (ACTH, TSH, LH, FSH).
Low ACTH and cortisol stands for sec-
ondary adrenal insufficiency, low gonado-
tropins (LH, FSH), and low testosterone
for secondary (hypogonadotropic) hypo-
gonadism. In secondary hypothyroidism,
TSH can be low or normal, but fT4 is
invariably low.

0 What is the difference between primary, sec-
ondary, and tertiary insufficiencies?

Q In the hypothalamic-pituitary-(adrenal,
thyroid, gonad) axes, the defects at the dif-
ferent levels lead to different hormonal
constellations. In primary insufficiencies
(primary adrenal insufficiency, primary
hypothyroidism, and primary hypogonad-
ism), the end organ is failing, and the feed-
back regulation by the end hormone
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product (cortisol, thyroxine, or sex steroid
(testosterone, estradiol)) is not working.
The pituitary therefore increases the secre-
tion of ACTH, TSH, and gonadotropins,
respectively. In contrast, in secondary
insufficiencies, the disease affects the pitu-
itary, and therefore both pituitary hor-
mones and the end products will be low.
Tertiary insufficiency refers to rare hypo-

thalamic problems.

O Table 6.1 Baseline hormone levels
Hormone Value Normal
range

Cortisol 0.3 pg/dL 8.0-25.0

ACTH 0.1 pg/mL 7.2-63.3

LH 0.4 mIU/ 1.3-11.8
mL

FSH 0.8 mIU/ 1.3-11.8
mL

IGF-1 53.0 ng/mL 92.7-244.6

GH 0.1 ng/mL 0.0-6.0

Total 30.0 ng/dL 300.0-800.0

testosterone

TSH 1.92mIU/L  0.4-49

Free T4 0.65 ng/dL 0.70-1.80

i

O Fig. 6.2 Large pituitary tumor with intra- and suprasellar propagation on T1-weighted MRI (coronal a and

sagittal b slice)
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Case Presentation Continued

Hydrocortisone and levothyroxine substitu-
tion was introduced before the neurosurgi-
cal intervention.

The tumor was fully removed by trans-
sphenoidal operation, and the histology
confirmed a chromophobe adenoma with a
Ki-67 proliferation index of 1-2%.

e What can cause hypopituitarism?

0 Many medical conditions that disturb the
normal interaction between the hypothal-
amus and the pituitary gland can cause
hypopituitarism.

0 The most common causes of hypopituita-
rism in adults are pituitary or parasellar
tumors and their treatment (B Table 6.2).

0 Nowadays, the incidence of pituitary
injury is increasing that can be related to a
growing number but also increasing aware-
ness of traumatic brain injury and cranial
irradiation.

o Infiltrative diseases such as histiocytosis,
sarcoidosis, and haemochromatosis can
cause hypopituitarism as part of the sys-
temic disease.

O Pituitary apoplexia may occur in pituitary
adenoma, mostly in macroadenomas.

O Lymphocytic hypophysitis (detailed in the
chapter on hypophysitis) is another major
cause of hypopituitarism. Hypophysitis
can manifest itself during pregnancy or
after delivery, as well.

O The recently developed cancer immuno-
therapies against immune checkpoints
(immune checkpoint inhibitors) can cause
an acute and rapidly developing hypophysi-
tis, which can be associated with severe
hypopituitarism (detailed in the chapter on
hypophysitis, » Chap. 8).

O Table 6.2 Etiology of hypopituitarism

Neoplastic/
compression

Pituitary tumor

Metastases
Craniopharyngioma

Cyst (Rathke’s cleft,
arachnoid)

Meningioma
Glioma
Germinoma
Empty sella

Treatment of sellar
lesions

Surgery

Radiation therapy
Traumatic Traumatic brain injury
Vascular Apoplexy
Aneurysm
Sheehan syndrome
Subarachnoid hemorrhage

Infiltrative/
inflammatory

Hypophysitis
(autoimmune)

Sarcoidosis

Haemochromatosis

Histiocytosis X
Infectious Tuberculosis
Bacterial, fungal

Genetic mutations HESXI1, PROP1, LHX3/

LHX4 PIT-1
Functional Anorexia nervosa
Extreme physical activity
Idiopathic

o Hypopituitarism can be sometimes associ-
ated with the empty sella syndrome that is
a radiological term describing the hernia-
tion of subarachnoid space into the sellar
cavity. It can be idiopathic or occur sec-
ondarily to a treated pituitary tumor
(8 Fig. 6.3).
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@ Fig. 6.3 Idiopathic empty sella on a Tl-weighted
MRI (sagittal b and coronal a slices)

e What is Sheehan syndrome?

o Rarely, pituitary apoplexia may occur in the
normal pituitary gland during or after
delivery (postpartum pituitary hemor-
rhage). Lack of breast milk production can
be the first sign, but due to the deficiency of
other adenohypophyseal hormones, further
symptoms of hypopituitarism might also
develop (in severe cases even cachexia).

o Which hormone is usually lost first in the
progression of hypopituitarism?

Q GH is usually the first hormone to be defi-
cient, then the gonadotropins (LH, FSH),
followed by TSH, and the last is usually
ACTH (not considering prolactin). This
sequence appears to be similar to the phys-
iological importance of these hormones. It
must be noted, however, that this is only a
general sequence, and individual cases
may be quite variable. Isolated hormone
deficiencies also occur.
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0 What are the common signs and symptoms

associated with adult hypopituitarism?

O Deficiency of ACTH (secondary adrenal

insufficiency) is the most serious problem of
anterior pituitary hormone deficit. ACTH
deficiency is characterized by general
fatigue, weight loss, recurrent nonspecific
abdominal pain, hyponatremia, hypoglyce-
mia, and orthostatic hypotension. Adrenal
crisis may develop with severe hyponatre-
mia, hypotonia, and hypovolemia during
an intercurrent illness. (More details in
» Chap. 31 on Addison’s disease and auto-
immune polyendocrine syndrome type 2.)
The pigmentation — which is a typical sign
in primary adrenal failure — is absent.

O The signs and symptoms with TSH defi-

ciency (secondary hypothyroidism) are
practically analogous to those of primary
hypothyroidism (cold intolerance, weight
gain, dry skin, general fatigue, memory
disorder) (presented in » Chap. 11), but in
contrast to primary hypothyroidism, the
atrophy of thyroid gland can occur.

@ GH deficiency in childhood results in short

stature. In adults, GH deficiency is related to
abnormal body composition: increased fat
mass increased and reduced lean body mass
primarily due to increased intra-abdominal
or visceral fat deposition. Deficiency for GH
has also been related to low bone mineral
density. Elevated carotid intima media
thickness and C-reactive protein, LDL cho-
lesterol, and insulin resistance can increase
cardiovascular mortality. Altogether, defi-
ciency for GH contributes to an impaired
quality of life in these patients.

Q The clinical symptoms of gonadotropin

deficiency are determined by the gender
and age in which the condition develops.
In adult males, body and facial hair may
be lost, libido and fertility may be reduced,
and erectile dysfunction is also common.
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Testosterone deficiency can lead to non-
specific symptoms, like reduced exercise
capacity, general fatigue, and reduced
muscle mass. In contrast to men, where the
symptoms are not so conspicuous, the
oligo-amenorrhea in women can be the
first sign of the disease, and therefore the
diagnosis might be earlier. Pubic and axil-
lary hair grow thinner, and hot flushes,
vaginal dryness, and breast atrophy can
occur. In both genders bone mineral den-
sity decrease, osteopenia and osteoporosis
can be detected, and fracture risk is ele-
vated.

O As it is evident from the above, the symp-
toms related to various hormone deficien-
cies overlap. Almost all hormone
deficiencies contribute to weakness,
fatigue, and reduced quality of life.
Hyponatremia is related to both ACTH
and TSH deficiencies. Both gonadotropin
and GH deficiencies contribute to reduced
BMD.

@ O Table 6.3 presents the common signs
and symptoms in hypopituitarism.

O Is it necessary to perform hormone tests
again after the operation?

@ Yes, because some hormones may return to
normal after surgery due to the resolution
of tumor-induced compression on the pitu-
itary. Unfortunately, however, it is also
common that additional pituitary hormone
deficiencies develop after the intervention.

Back to Our Patient

Following the transsphenoidal adenomec-
tomy, the visual disturbance has been
solved, but the repeated hormone tests
showed no change in the hormone results,
thus confirming panhypopituitarism. In
addition to hydrocortisone and thyroxine
replacement, testosterone replacement was
started, as well.
Daily fluid turnover was normal.

Q What kind of hormone tests can be neces-

sary for the diagnosis of hypopituitarism?

@ 1n most patients, it is sufficient to take basal

serum hormone level, but for the patients
with  questionable, borderline cases,
dynamic endocrine testing is recommended.
As shown in B Table 6.1, the basal levels of
all adenohypophyseal hormones were low
in our patient; therefore the diagnosis in
this case is clear-cut.

O Table 6.3 Common signs and symptoms in
pituitary insufficiency

Hormone Related symptoms
deficiency
ACTH Weakness, tiredness, dizziness

on standing, pallor,
hypoglycemia, weight loss,
hyponatremia

TSH Weight gain, fatigue,
decreased mental function,
constipation, bradycardia,
cold intolerance, dry skin,
thyroid gland atrophy

Gonadotropins  Adolescence: delayed puberty

(LH, FSH) In adult women:
oligo-amenorrhea, infertility,
dyspareunia, regression of
secondary sexual
characteristics, (reduced
axillary and pubic hair, breast
atrophy), decreased BMD
In man: poor libido,
impotence, infertility,
regression of secondary sexual
characteristics (reduced facial/
body hair, small soft testes)
decreased BMD

GH Short stature in children
In adults: fatigue, abnormal
body composition, muscle
mass and muscle energy are
reduced, physical tolerability
is reduced, muscle/fat ratio
decreases, cardiovascular risk
increased, “well-being” and
performance reduced,
tendency for depression, social
isolation, decreased BMD

Prolactin Lack of lactation after
childbirth
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o Regarding ACTH deficiency, a morning
serum cortisol level lower than 3 pg/dL
(80 nmol/L) is usually characteristic for
adrenal insufficiency. Dynamic tests can be
helpful for the diagnosis of ACTH defi-
ciency that include the short ACTH test
(cosyntropin, tetracosactide 250 pg) and
the insulin tolerance test.

@ TSH deficiency is confirmed if free thyrox-
ine (fT4) level is low along with a low or
normal TSH.

@ Low LH, FSH levels with decreased morn-
ing testosterone or estradiol concentra-
tions verify gonadotropin deficiency
(secondary hypogonadism).

Q PRL deficiency can be defined when
patient has low or undetectable serum
PRL level.

Q If more than three other pituitary hor-
mones are deficient and the gender and
age-adjusted insulin-like growth factor-1
(IGF-1) level is below the lower limit of
normal, GH deficiency can be confirmed.
Otherwise, the low GH and IGF-1 mea-
surement is not sensitive enough, and pro-
vocative GH tests, insulin tolerance test,
GHRH  (growth  hormone-releasing
hormone)+arginine, macimorelin (ghrelin
receptor agonist), or glucagon stimulation,
are required.

Q What is the rationale to perform an ACTH-
test for the diagnosis of ACTH-deficiency?

Q ACTH is a trophic factor for the adrenal
gland. In case of ACTH deficiency, an
atrophy of the adrenal cortex develops
within some weeks, and the ACTH stimu-
lation will not provoke an adequate corti-
sol response. The ACTH test will not be
positive within 3-4 weeks after the event
(e.g., pituitary surgery) responsible for
hypopituitarism.
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Q How is the ACTH-test performed?

O 250 pg tetracosactide (ACTH analogue) is
injected intravenously, and blood is drawn
30 and/or 60 minutes later. A normal
response is seen, if cortisol is higher than 18
or 20 pg/dL (500 or 540 nmol/L) either at
baseline or after stimulation. (A low-dose
ACTH test including 1 pg tetracosactide
has also been developed, and some authors
consider it better than the standard high
dose with 250 pg to diagnose secondary
adrenal insufficiency. However, it is not
widespread and not available commercially.)

@ What is the rationale of insulin-induced
hypoglycemia test (insulin tolerance test
ATT))?

0 Hypoglycemia is a major stress situation,
and thereby both ACTH and cortisol are
stimulated. If their stimulation is unsatis-
factory, the diagnosis of secondary adre-
nal insufficiency can be confirmed. GH is
also induced, and therefore the test is also
used in the diagnosis of GH deficiency.

o 0.1-0.15 IU/kg regular fast-acting insulin is
injected intravenously, and blood is drawn
every 15 minutes till 60 minutes and also
during hypoglycemia that should be judged
clinically based on the typical symptoms
(neuroglycopenia and adrenergic symp-
toms). Hypoglycemia during ITT is defined
as a serum glucose below 2.2 mmol/L
(40 mg/dL). Cortisol usually increases over
20 pg/dL (540 nmol/L) during hypoglyce-
mia, and ACTH is usually higher than
150 pg/mL (33 pmol/L). The dynamics of
cortisol and ACTH change is important.

o Regarding GH, a peak GH below 3 ng/mL
in adults is defined as severe deficiency.
(The cutoff for peak GH during provoca-
tive tests in children is higher (7 ng/mL),
and therefore milder cases of GH deficiency
can also warrant treatment in children.)
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0 Is there any risk of insulin-induced hypogly-
cemia?

O Yes, it should not be performed in patients
with cardiac/cerebrovascular disease or
epilepsy. The test is certainly unpleasant
and requires continuous monitoring, and
therefore some centers prefer alternative
dynamic tests.

9 What is the metyrapone test?

O Metyrapone is an inhibitor of the
11p-hydroxylase enzyme catalyzing the final
step of cortisol biosynthesis, and it is there-
fore exploited in the therapy of hypercorti-
solism (Cushing’s syndrome). Metyrapone
can also be used to investigate the ACTH
secretion of the pituitary (ACTH reserve).
Metyrapone is taken at midnight at a dose
of 30 mg/kg, and blood is drawn the next
morning for 11-deoxycortisol (the steroid
product before the enzymatic step cata-
lyzed by 11f-hydroxylase) and cortisol.
11-Deoxycortisol below 7 pg/dL can indi-
cate deficiency in ACTH. The test is, how-
ever, rarely used nowadays despite being an
alternative to invasive ITT for assessing the
hypothalamic-pituitary-adrenal axis.

Q How should hypopituitarism be treated?

@ We should substitute the end products of
the hormone axes and not the pituitary
hormones except for GH. Since the adeno-
hypophyseal hormones are proteins, their
substitution would require parenteral
injections; moreover the half-lives of these
proteins are also shorter than that of the
hormonal end products.

0 Regarding ACTH deficiency, hydrocorti-
sone corresponding to normal adrenocor-
tical cortisol is given. The daily total
15-20 mg hydrocortisone dose should be
given in two or three parts: the highest
dose in the morning, second in the after-
noon, and third — if necessary — in the eve-
ning. In contrast to primary adrenal

insufficiency (Addison’s disease), miner-
alocorticoid substitution (fludrocortisone)
is not necessary, as aldosterone production
is not primarily regulated by ACTH.

0 In emergency and stress situations, the
dose of hydrocortisone should be increased
(see the chapter on Addison’s disease and
autoimmune polyendocrine syndrome
type 2 for more details on glucocorticoid
replacement, » Chap. 31).

O Unfortunately, there is no specific marker
for monitoring the glucocorticoid replace-
ment therapy in secondary adrenal insuf-
ficiency; only the clinical conditions can
give appropriate feedback. (In contrast, in
primary adrenal insufficiency, where
ACTH is high without treatment, the
reduction in ACTH can be helpful for
monitoring.)

Q The dose of levothyroxine replacement
may vary between 50 and 200 pg per day.
The aim is to achieve serum T4 levels in
the mid- to upper half of the reference
range. In contrast with primary hypothy-
roidism, where TSH is a very good marker
of levothyroxine substitution, in second-
ary hypothyroidism TSH cannot be used
for monitoring; only fT4 levels are infor-
mative.

Q The treatment strategies for hypogonado-
tropic hypogonadism are detailed in the
next chapter on Kallmann syndrome.

Back to Our Patient

12 months after the transsphenoidal opera-
tion, the control MRI didn’t show any
residual tumor (B Fig. 6.4).

As the patient was deficient in more
than three pituitary hormones, the defi-
ciency for GH could be established based on
the low IGF-1 level without a stimulation
test. Human recombinant GH treatment
was introduced in a dose of 0.3 mg sc. daily.
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O Fig.6.4 No residual tumor 12 months after the operation on T1-weighted MRI (coronal a and sagittal
b slice)

o How should GH replacement be initiated?

@ Due to the common side effect of GH
associated with fluid retention, initially
low dose (0.2-0.3 mg) GH replacement is
preferred. Younger patients and women
(especially receiving oral estrogens) require
higher doses. Serum IGF-1 should be
monitored every 3 months to establish the
optimal dose.

@ Is there an order in which hormone replace-
ment therapy should be introduced?

0 Yes, if glucocorticoid deficiency exists,
treatment should be initiated with gluco-
corticoid replacement, followed by levo-
thyroxine replacement and finally sex
hormones. It is very important not to give
levothyroxine  before  hydrocortisone
administration, since thyroid hormones
accelerate steroid hormone metabolism
and thereby could precipitate an adrenal
crisis.

o Growth hormone replacement therapy can
be initiated only in a patient with stable,
well-treated hypopituitarism, as a final
step of the complex treatment protocol.

Q Is there any contraindication to GH treat-
ment?

@ Yes, the GH replacement is contraindi-
cated in active malignancies, diabetic reti-
nopathy, benign intracranial
hydrocephalus, and growing residual pitu-
itary tumors.

0 Do patients need life-long care?

O Patients who suffer from hypopituitarism
require continued follow-up visits — ini-
tially every 3 months — and with stable,
well-controlled conditions in 6 months or
in yearly intervals.

This chapter on hypopituitarism is one of
the most comprehensive chapters in this
book. The reader is advised to read the
chapter on non-functioning pituitary ade-
noma (» Chap. 4), the following chapter
on Kallmann syndrome (» Chap. 7),
hypophysitis (» Chap. 8), and diabetes
insipidus (> Chap. 9). As the symptoms of
primary and secondary insufficiencies over-
lap, it is also helpful to read the chapters on
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hypothyroidism and Hashimoto’s thyroid-
itis (» Chap. 11), Addison’s disease, and
polyendocrine autoimmune syndrome type
2 (» Chap. 31). The issues of glucocorti-
coid replacement are discussed in detail in
the chapter on Addison’s disease. The treat-
ment of hypogonadotropic hypogonadism
is discussed in the next chapter on Kall-
mann syndrome.

Take-Home Messages

Hypopituitarism is a rare condition
characterized by the complete or partial
absence of one, or more, or all of the
hormones in the anterior lobe of pitu-
itary gland that is sometimes associated
with the absence of hormones of the
posterior lobe, as well.

The clinical manifestations of the dis-
ease are greatly dependent on the etiol-
ogy and severity of the hormone
deficiency, age of the patient, and dura-
tion of disease.

The treatment and prognosis of hypopi-
tuitarism depend on the extent of hypo-
function and the causes of the disease.
The treatment is based on well-
structured hormone replacement ther-
apy, which — in most cases — requires
lifelong follow-up.
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Opening

In this chapter, the reader will get acquainted
with the clinical features, diagnosis, and
treatment of Kallmann syndrome, a con-
genital form of hypogonadotropic hypogo-
nadism.

— Definition of the Disease

Kallmann syndrome is a rare form of
congenital isolated GnRH (gonadotropin-
releasing hormone) deficiency character-
ized by low serum gonadotropin levels
and LH (luteinizing hormone) and FSH
(follicle-stimulating hormone) levels and
by consequent sex steroid deficiency. It
occurs as in 10 in 100,000 boys and 2 in
100,000 girls.

The classic form is characterized by
hypogonadotropic hypogonadism (lack of
sexual maturity and absence of secondary
sexual characteristics) with hyposmia or
anosmia (decreased or absent smell) which
is caused by failed migration of GnRH
neurons from the olfactory placode into
the brain  (hypothalamus)  during
embryonic life.

Case Presentation

A 19-year-old man was admitted to our
adult endocrinological consultation. His
medical history included an orchidopexy
due to undescended testis when he was half-
year old. Unilateral renal agenesis was also
detected by abdominal ultrasonography.

The diagnosis of central/hypogonado-
tropic hypogonadism was confirmed at the
age of 13. The other pituitary hormone
tests were normal.

An olfactory function test confirmed
hyposmia.

Pituitary MRI was normal, without any
defects of the olfactory tract.

0 What is the diagnosis of Kallmann syndrome
based on?

@ For the diagnosis of Kallmann syndrome,
clinical, hormonal, genetic, and imaging
techniques can be used. Clinically, a lack
of adolescence and signs of hypogonadism
together with hyposmia/anosmia can raise
suspicion.

@ The patient had undescended testis and
unilateral renal agenesis, already diagnosed
in infancy. His puberty was delayed, and
during this period, hyposmia was
diagnosed.

Q All these clinical features are typical in
Kallmann syndrome.

Q The clinical symptoms in boys are lack of
adolescence, absent facial and pubic hair
growth, small testicles and penis, delayed
growth spurt, eunuchoid body habitus
(disproportionally long arms when
compared to height), and decreased muscle
mass.

@ In girls, the development of breasts is
delayed, and delayed growth spurt,
undergrown axillary and pubic hair, and
primary amenorrhea can be observed.

Q What is the difference between primary and
secondary/tertiary hypogonadism?

o Primary hypogonadism is caused by a
disease of the testicles (or ovaries in
females), and therefore gonadotropins are
elevated due to the feedback regulation of
the “hypothalamic-pituitary-gonadal axis.
Primary hypogonadism is therefore
hypergonadotropic. On the other hand,
secondary/tertiary ~ hypogonadism s
caused by pituitary or hypothalamic
malfunctioning, respectively, and thus
gonadotropins are low (hypogonadotropic).
(Similar distinctions are valid for primary
and secondary adrenal insufficiency and
hypothyroidism, as well.)
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O Which hormone tests can be performed for
evaluating Kallman syndrome?

0 As GnRH is not measurable, serum
concentration of the gonadotropins (LH
and FSH) and sex steroids are used for the
diagnosis. Low LH and FSH, in men with
low testosterone levels and in women with
low estradiol and progesterone levels, are
observed.

@ The hormone results in our case were LH,
0.4 TU/L (normal range, 1.7-8.6); FSH,
0.1 TU/L (normal range, 1.5-12.4); and
total testosterone, 1.26 ng/mL (normal
range, 2.8-8).

@ 1s it worth doing a genetic assessment?

@ Mutations in more than 20 genes have been
associated with Kallmann syndrome. The
first responsible gene found was KALI that
is associated with an X-linked pattern of
inheritance, and its mutations occur
especially in men with unilateral renal
agenesis and mirror movements — bimanual
synkinesis. FGRI (KAL2) mutations are
inherited as autosomal dominant traits
and are associated with midline facial
abnormalities cleft lip or palate, dental
agenesis, and short metacarpals and/or
metatarsals.

Q In our case, the genetic testing confirmed a
KALI mutation.

Q Is imaging helpful in the diagnosis?

0 Radiographic imaging of the
hypothalamus-pituitary region using MRI
scans is recommended to explore any
anatomical structural abnormalities (e.g.,
absence of olfactory structures), but the
radiographic ~ appearance  of  the
hypothalamic-pituitary region is typically
normal.

9 Are there other forms of hypogonadotropic
hypogonadism apart from Kallmann syn-
drome?
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@ Kallmann syndrome is the isolated
hypogonadotropic hypogonadism form
accompanied by anosmia or hyposmia.

O Very similar signs and symptoms can be
recognized in other forms of congenital
isolated hypogonadotropic hypogonadism,
but no smell dysfunction is detected in
these. These congenital forms can be
associated with mutations in the following
genes: GNRHI, KISSI, KISSIR (GPR54),
TAC3, TACR3, etc.

0 How to treat hypogonadotropic hypogonad-
ism?

@ In both sexes, the aim of the treatment is
to induce puberty and later to maintain
the normal sexual hormone levels,
which sustain the secondary sexual
characteristics.

O For male patients, the goal of testosterone
replacement therapies is to return serum
testosterone levels into the physiological
range. (B Table 7.1).

O Table 7.1 Medical treatment for puberty
induction in boys, and maintenance treatment in
male patients
T enanthate Initial dose 50 mg i.m. monthly
increasing every 612 months up
to 250 mg/month

Gonadotropin ~ hCG 2 x 250 IU s.c. per week,
increasing dose every 6 months

up to 2-3 X 500 IU/weekly

rFSH or hMG 75 IU/s.c. 2-3
times weekly

T enanthate 250 mg i.m. every 2-4 weeks

T 1000 mg i.m. every 8—14 weeks
undecanoate
T gel 50-75 mg/day transdermally

T testosterone, #CG human chorionic gonadotro-
pin, AMG human menopausal gonadotropin,
rFSH recombinant human follicle-stimulating
hormone
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@ Fig. 7.1
size became normal, virilization was accomplished, but
the size of testes remained small, about 4-6 ml

O For

N. Sziics

@ In our patient, testosterone replacement

therapy by depot testosterone undecanoate
every 12 weeks was introduced, and it resulted
in the growth of the penis and development
of  secondary  sexual characteristics
(8 Fig. 7.1).

O We can choose the daily transdermal form,

which mimics the physiological secretion
of testosterone, or the long-acting depot
injection form, which can be more
convenient for some patients.

females, hormone replacement
includes the wusage of estrogen and
progesterone. Firstly, estrogen is given in
transdermal gel or tablet form, to maximize
breast development, and then a
combination of estrogen and cyclical
progesterone is used to maintain the
menstrual cycles and secondary sexual
characteristics (B Table 7.2).

@ Will patients treated with sexual steroids be

fertile?

Due to testosterone replacement, the penis

B Table 7.2 Medical treatment of puberty
induction and hypogonadism in female patients

17B-Estradiol Initial dose 5 pg/kg daily
tablet increasing every 6—12 months
up to -2 mg

176-Estradiol Initial dose 0.05-0.07 pg/kg
patch increasing every 6—12 months
up to 50-100 pg/day

Progesterone Supplement after breast
tablet development 100-200 mg/day
during 14 days in every month

@ No. Sexual steroids are only able to restore

secondary sexual characteristics, but
fertility will not be restored as
gonadotropins are needed for the induction
and maintenance of germ cell production.
O Figure 7.1 shows that the patient’s
testes remained small despite testosterone
administration.

o How to restore fertility in hypogonadotropic

hypogonadism?

o Fertility can be restored by adding GnRH

or gonadotropins depending on the level
of defect (hypothalamic or pituitary).
GnRH can be given, if the pituitary is
normally functioning. GnRH is usually
given episodically by a pump mimicking
its physiological release.

o Gonadotropins can be given both to

patients having dysfunctions in the
hypothalamus or in the pituitary. For
gonadotropin replacement, human
chorionic gonadotropin (hCG) is usually
given instead of LH. hMG is human
menopausal gonadotropin that includes
both FSH and LH bioactivity at an
approximately 1:1 ratio.

o Using gonadotropin therapy (hCG+hMG

or recombinant FSH) fertility can be
induced.

@ In our patient, \CG+hMG was used for

12 months, and it resulted in normal
testosterone level. However, despite the
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gonadotropin treatment, azoospermia was
sustained.

o At present, no treatments are available for
the lack of sense of smell, mirror
movements of the hands, or the unilateral
renal agenesis.

e Do patients need a life-long hormone re-
placement?

o Kallmann syndrome usually means a
lifelong hormone replacement treatment
for male patients, but for females only
until the expected time of menopause.

O In about 10-15% of patients, a recovery of
their hormonal system may occur, but the
reasons are unclear.

e Does Kallmann syndrome affect the life ex-
pectancy of patients?

@ Kallmann syndrome is not associated with
decreased life expectancy, but can be
accompanied with osteopenia or osteopo-
Tosis.

The reader is advised to read the preceding
chapter on hypopituitarism (» Chap. 6)
and also the chapters dealing with primary
hypogonadism, where the end organs (ova-
ries and testicles) of the hypothalamic-pitu-
itary-gonadal axes are dysfunctioning
(Turner syndrome (» Chap. 40), primary
ovarian insufficiency (» Chap. 41), and
Klinefelter syndrome (» Chap. 42)).
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Take-Home Messages

== Kallmann syndrome is an isolated form
of hypogonadotropic hypogonadism
with hyposmia/anosmia (dysfunction
of sense of smell)

== Kallmann syndrome is a rare congenital
disease with various inheritance
patterns

== The illness can be associated with minor
anomalies such as midline facial defects,
renal agenesis, short metacarpus, and
synkinesia

= Lifetime sexual hormone replacement
therapy is indicated for male patients,
whereas in women it is proposed until
the expected time of menopause.
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Opening

In this chapter, the reader will get acquainted
with the clinical features, diagnostic challenges,
and management strategies in patients with

hypophysitis — an inflammatory disease
affecting the pituitary gland.

Definition of the Disease
Hypophysitis is an inflammatory condition of
the pituitary gland and its stalk of autoimmune
etiology leading to pituitary dysfunction and
mass effects. Hypophysitis can occur as a
primary condition or secondary to systemic
or local lesions, such as Rathke’s cleft cyst,
craniopharyngioma, or germinoma. Therefore,
hypophysitis is a heterogeneous disease.
Primary lymphocytic hypophysitis is
caused by an autoimmune reaction directed
against the pituitary gland, which becomes
pathologically infiltrated by lymphocytes. It is
associated with familial or personal history of
autoimmune disease. It occurs predominantly
in females who are between 30 and 40 years of
age. The incidence is estimated to be ~1 in nine
million/year. In about 11% of women, it occurs
during pregnancy or in the postpartum period.
Xanthogranulomatous hypophysitis (XGH)
can present as a separate entity (developing
spontaneously) or as a secondary reaction to
local process in the sellar region, e.g., following

rupture of Rathke’s cleft cyst with subsequent
inflammation due to the leak of cystic contents
or secondary to hemorrhage (apoplexy) of a
pituitary adenoma. The typical histopathologi-
cal findings are cholesterol clefts, hemosiderin
deposits, multinucleated giant cells, and small
epithelial clusters. Radical surgeryis the treatment
of choice. Granulomatous (sarcoidosis, Wegener
granulomatosis) and necrotizing hypophysitis
are rare forms.

Hypophysitis secondary to IgG4-related
fibro-inflammatory condition with multiple
organs affected and drug-induced hypophysitis
(adverse effect of novel monoclonal antibodies
targeting immune check points such as cytotoxic
T-lymphocyte-associated protein 4 (CTLA4)
and programmed cell death protein-1 (PD1)
and its ligand (PD-L1)) have renewed interest in
pituitary inflammation.

Since hypophysitis is rare,
experience is available and practice guidance
on optimal management is still lacking.

limited

Case Report 1: A 14-Year-Old Adolescent with a Pituitary Lesion

Clinical Signs and Symptoms

A previously healthy 14-year-old adolescent
girl presented with a 2-week history of severe
headache, blurred vision, and diplopia. She
also reported amenorrhea. Her past history
was uneventful, except for a mild respiratory
viral infection 1 month prior to the onset of
headache. She had positive family history for
autoimmune disease (mother had Sjogren’s
syndrome). Physical examination revealed sixth
cranial nerve palsy.

Investigation

Initial blood cell count and sedimentation
rate were normal. A complete immunological
workup, including thyroid auto-antibodies, was
negative, except for ANA (antinuclear anti-
body) positivity (nucleoplasma homogeneous
positive 1:640). Serum [gG4 level was normal.
Lumbar puncture showed clear cerebrospinal
fluid (CSF) without cellular presence (malig-
nant cells or leukocytes), normal protein level,
and normal tumor markers such as oFP (alpha
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fetoprotein) and phCG (human choriogonado-
tropin f) levels. Tests for tuberculosis and sar-
coidosis were negative.

A cerebral magnetic resonance imaging
(MRI) scan revealed an intrasellar and supra-
sellar lesion with dural tail and tongue-like
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extension to the infundibulum and with edema-
tous optic chiasm (B Fig. 8.1a—c).

Two weeks after the beginning of the initial
symptoms (headache, blurred vision, and diplo-
pia), the patient felt unwell again. She complained
of severe tiredness, dizziness, malaise, nausea, and

Sellar MRI scan. a Coronal T1WI scan
at presentation showing symmetrically enlarged
pituitary gland with suprasellar extension and
thickened pituitary stalk. b Sagittal TIWI scan at
presentation showing presellar dural tail (arrow)
and tongue-like extension to the infundibulum (hol-
low arrow). ¢ Coronal T2WI scan at presentation

B Fig. 8.1

showing edema of the optic chiasm (arrow). d Coro-
nal T1WI scan after 8 weeks of glucocorticoid ther-
apy showing regression of the pituitary mass and
normal pituitary stalk. e Sagittal TIWI scan after
8 weeks of glucocorticoid therapy. f, g Coronal
T2WI scan after 8 weeks of glucocorticoid therapy




74 S. Pekic et al.

vomiting. Baseline hormonal evaluation revealed
multiple anterior pituitary hormone deficiencies
with hyperprolactinemia (8 Table 8.1). Posterior

pituitary function was normal.

The patient was started on replacement

doses of oral hydrocortisone and L-thyroxine.

D Table 8.1 Results of endocrine testing at baseline and during treatment

2 months

Hormone Baseline  On prednisone

1 month
FT4 (pmol/L) 8.8 15.6 19.2
TSH (mIU/L) 0.5 1.28 3.33

Cortisol (nmol/L) 221

FSH (IU/L) 0.5 6.4
LH (IU/L) 0.1 4.32
Estradiol (pmol/L) 88 99
PRL (mIU/L) 1487 541
IGF-1 (ng/ml) 244

111
4.7
2.01
128
715

Off prednisone Reference

3 months 1 month range
17.8 12-22
1.87 0.3-5.5
209 425 131-642
6.7 3.5-12.5
2.79 2.4-12.6
88 77-921
513 102-496
208-444

Normal values for FSH, LH, and estradiol for follicular phase

0 Which of these signs and symptoms could
raise the suspicion for hypophysitis?

@ Headache and visual disturbances due to
compression of optic chiasma are the most
prevalent presenting symptoms in patients
with hypophysitis and are described in up
to 50% of cases. Other signs and symptoms
which could raise the suspicion for
hypophysitis include cranial nerve palsies
and polydipsia/polyuria (in patients with
infundibulo-neurohypophysitis).

@ What kind of hormonal alterations can be
seen in patients with lymphocytic hypophy-
sitis?

o The most common pituitary hormone
abnormalities in patients with lymphocytic
hypophysitis include ACTH deficiency
(in about half of cases), followed by TSH
and FSH/LH deficiency (in about 40% of
cases), growth hormone deficiency (in up

to 30% of cases), and hyperprolactinemia
(in 25% of patients). Hyperprolactinemia
may be related to stalk compression.
A deficiency of the hormone arginine
vasopressin (AVP) is presenting hormone
abnormality in patients with infundibulo-
neurohypophysitis.

9 What additional investigations would you

perform?

@ Brain  '8F-fluorodeoxyglucose  positron

emission tomography-computed tomography
(F-FDG PET-CT) scan is a diagnostic
method  for  distinguishing  between
benign and malignant lesions. It reflects
the degree of glucose utilization by the
pathological processes (tumor, inflammation,
etc.).8F-FDG PET-CT is important when
multisystem disease is suspected such as
IgG4-related disease and Langerhans cell
histiocytosis to identify the involved organs
most suitable for biopsy. In our patient, the
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finding of increased glucose metabolism in
mesencephalon, proximal pons, and slightly
in hypothalamus was interpreted as an
inflammation affecting the hypothalamic
region and surrounding brain structures only
without systemic effects (B Fig. 8.2).

0 What other diseases can be considered in the

differential diagnosis of hypophysitis?

0 Other neoplastic, infiltrative, and inflamma-

tory diseases have to be considered in the
differential diagnosis of hypophysitis, such
as germinoma, Langerhans cell histiocy-
tosis, and neurosarcoidosis. Other less
probable differential diagnoses include
pituitary adenomas, Rathke’s cleft cyst,
physiological hypertrophy of the pituitary
in pubertal females, TSH hyperplasia
associated with severe primary hypothyroid-
ism, and various sellar and parasellar
tumors (e.g., craniopharyngiomas, gliomas,
lymphomas, meningiomas,  pituicyto-
mas, chordomas, teratomas, dermoids,
epidermoid, and sellar metastases).

Q Is there a role for pituitary biopsy?

Q Yes, thereis arole for pituitary biopsy in order

to obtain histopathological verification of
the diagnosis, but sometimes it is not feasible
because of the patient’s condition. Since
pituitary biopsy was not obtained, neurosar-
coidosis and Langerhans cell histiocytosis
remained as differential diagnosis in our
patient. Germinoma was excluded on the
basis of normal aFP and PhCG levels in
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serum and CSF. Multidisciplinary team
decided to postpone biopsy after a trial
with corticosteroid therapy, in case of lack
of response to treatment or a relapse of
the disease after successful treatment with
corticosteroids.

Q How would you manage this patient?

@ A short course of high-dose oral
glucocorticoids (prednisone 60 mg daily
during 2 weeks, then 40 mg daily next
2 weeks, followed by gradual tapering
of prednisone dose) was initiated. After
1 month of glucocorticoid therapy,
significant improvement of her neurologi-
cal status occurred with partial recovery
of pituitary function (thyroid function
recovered with normalization of prolactin
level; @ Table 8.1).

= Outcome and Follow-Up

Sellar MRI scan at follow-up (after 8 weeks)
showed regression of the pituitary lesion
(8 Fig. 8.1d-g). Along with pituitary mass
shrinkage, there was some residual tissue het-
erogeneity but a thin peripheral dark
T2-weighted image (WI) hypointense ring
with no enhancement after gadolinium, prob-
ably related to some fibrosis. The stalk nor-
malized. The patient did not require thyroid
and adrenal replacement therapy 4 months
after her hospitalization. She continues to
present with secondary amenorrhea, although
her gonadotropin levels suggest recovery of
the gonadotropic axis.

O Fig. 8.2 Brain "F-FDG PET/CT scan shows increased glucose metabolism in mesencephalon, proximal pons,
and hypothalamus
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@ Learning Points

== This case highlights the rare cause of
hypopituitarism with severe neurological
impairments due to a pituitary lesion with
a differential diagnosis of lymphocytic
hypophysitis in the pediatric age group.

== The diagnosis in our patient was based on
hormonal findings and the radiological
aspect of the lesion (MRI) despite the lack
of histopathology.

== Despite diagnostic uncertainty, high-dose
glucocorticoid treatment in our patient
was successful leading to clinical and
radiological improvement.

== The favorable evolution of our patient
with near-normal hormone recovery on
corticosteroid treatment is in favor of
lymphocytic hypophysitis, although the

final diagnosis remains unclear.

Case Report 2: A 42-Year-Old Woman with Relapsing, Corticosteroid Non-responsive Lymphocytic

Hypophysitis

Clinical Signs and Symptoms

A 42-year-old woman presented with a 2-year
history of severe headache, double vision, and
amenorrhea. According to her clinical and
radiological findings (MRI scans), she was
diagnosed with lymphocytic hypophysitis and
treated with corticosteroids (prednisone 20 mg)
for 2 years while living abroad. At presentation
in our hospital she had severe headache, dizzi-
ness with severe signs of iatrogenic Cushing’s
syndrome, and diplopia due to right sixth cra-

nial nerve palsy. She also had complete obstruc-
tion of the left internal carotid artery, secondary
to propagation of inflammation to the cavern-
ous sinus and arteritis (primary autoimmune
vasculitis was excluded). Prednisone therapy
was tapered and stopped. The patient had sec-
ondary hypocorticism (adrenal insufficiency)
(was replaced with hydrocortisone 20 mg/day)
and mild hyperprolactinemia (8 Table 8.2). Her
MRI scan showed a large pituitary mass with
right parasellar propagation (B Fig. 8.3a).

O Table 8.2 Hormonal analysis before operation and during the follow-up period

Hormone Before 3 months 1 year 2 years after OP, 4 years after OP, Reference

OoP after OP  after OP 1 year after SRS 3 years after SRS range
Therapy PRoff PR20mg PR20mg PR 10mg PR 7.5 mg

AZ50mg AZS50mg AZ50mg AZ off

FT4 (ng/L) 11.7 11.2 11.6 8.9 5.8 7-18
TSH (mIU/L) 1.14 0.31 4.7 2.0 2.8 0.3-5.5
Cortisol 38.9 156.1 56.9 22 131-642
(nmol/L)
FSH (IU/L) 3.4 14.9 5.8 14.7 6.5 2.5-15
LH (IU/L) 2.7 3.5 5.7 5.5 1.5 4-20
PRL (mIU/L) 1003 905 1234 648 418
IGF-1 (ng/ml) 177 104 98.5 119 101-267

Reproduced with permission and modifications from Pekic et al. [11]
Abbreviations: OP operation, SRS stereotactic radiosurgery, PR prednisone, 4Z azathioprine
Normal values for FSH, LH, and estradiol for follicular phase
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O Fig.8.3 Magnetic resonance imaging of the sel-
lar region, coronal (left) and sagittal (right): a before
the transsphenoidal decompression; b 2 months
after the operation; ¢ 3 months after the operation;
d 1 year after the operation when the patient was
referred for stereotactic radiosurgery (SRS); e

0 How would you treat this patient in whom
corticosteroid therapy was ineffective?

O (a) Pituitary Surgery

O The patient was referred to the
neurosurgeon for decompression and biopsy.

2 years after the operation and 1 year after SRS; f
3 years after the operation and 2 years after SRS; g
3.5 years after the operation and 26 months after
SRS; h 4.5 years after the operation and 40 months
after SRS. (Reproduced with permission from Pekic
et al. [11])

Histopathologic analysis revealed infiltration
of the pituitary with lymphocytes, plasma
cells, rare eosinophils, and macrophages
(B Fig. 8.4a). Most of the lymphocytes were
of T-cell origin (CD3+) (B Fig. 8.4b). Two
months after the surgery, MRI scan showed
a normal pituitary gland (8 Fig. 8.3b), and
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D Fig.8.4 a Fragment of anterior pituitary gland with  lymphocytes are of T-cell origin (immunohistochemis-
residual islands of preserved acini, separated by dense  try, CD3+, x400). (Reproduced with permission from
inflammatory infiltration, composed predominantly of  Pekic et al. [11])

lymphocytes (hematoxylin and eosin, X200). b Most

the patient was symptom free. Three months
after surgery, the patient suffered from
severe headache and diplopia again and
MRI scan showed enlarged pituitary gland
(8 Fig. 8.3¢).

o Surgery is indicated when there is
significant mass effect and to exclude
the diagnosis of tumor. Acute phase of
hypophysitis with severe headache, cranial
nerve palsies, visual field defects are
indications for surgical decompression. It
quickly controls the mass effect, headache,
diplopia, and visual impairment, but
the rate of recurrence after surgery is
reported to be up to 25% and some
patients may develop hypopituitarism and
diabetes insipidus. Surgery also provides
a histological specimen, and histological
diagnosis  helps with guidance for
management.

@ Histological assessment is important
for confirmation and classification
of hypophysitis. Histology identifies
inflammatory  cells (CD3-T  cells,
CD20-B cells, CDI138-plasma cells,
CD68-macrophages), histiocytes,
granulomas, and xanthomas.

(b)  Other Immunosuppressive Therapies

0 Hypophysitis (headache and diplopia)
reappeared 6 months after surgery. The
patient was treated with stress doses

of corticosteroids (methylprednisolone
120 mg intravenous for 3 days, switched
to prednisone 80 mg orally, with gradual
tapering of the prednisone dose). When
the dose of prednisone was reduced to
10 mg daily, her headache and diplopia
reappeared. We added azathioprine (50 mg
daily) to prednisone (20 mg daily).

@ In cases with progressive, recurrent

disease or resistance, other immunosup-
pressive agents or radiotherapy has been
considered. Azathioprine is the most
commonly used immunosuppressive agent,
as well as methotrexate, mycophenolate,
and biological therapy with monoclonal
antibodies (e.g., rituximab and infliximab).
(¢) Gamma Knife Stereotactic
Radiosurgery

0 Six months after combination therapy,

our patient was referred to Gamma Knife
stereotactic  radiosurgery (SRS). The
whole intrasellar area (1.5 ml in volume,
B Fig. 8.3d) was shot with three 8-mm
collimators. The prescribed dose was
15 Gy to the margin (50%). Azathioprine
was stopped after 26 months of therapy,
while prednisone continued at a dose of
10 mg daily. Two years after stereotactic
radiosurgery, the dose of prednisone was
reduced to 7.5 mg daily and pituitary
MRI scan showed no residual pituitary
lesion (B Fig. 8.3e-h). During 3 years
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of follow-up, she developed secondary
hypogonadism and hypothyroidism and was
replaced with L-thyroxine (8 Table 8.2).
Her prolactin level normalized.

@ Which patients are candidates for stereotac-

tic radiosurgery?

@ There are only few case reports on

the use of SRS for the treatment of
hypophysitis. Stereotactic radiosurgery
(SRS) is a radiation therapy modality that
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allows precise delivery of high dose of
irradiation to well-defined small targets
using single fraction or multi-fractions
SRS (two to five fractions). Delivery
systems used for SRS include the cobalt-50
system Gamma Knife, the CyberKnife
Robotic Radiosurgery System, or a
modified conventional  radiotherapy
machine (LINAC). Radiation-induced
hypopituitarism is the most frequent side
effect of SRS occurring within the first
5 years following radiosurgery.

Case Report 3: A Patient with Acromegaly with a New Cystic Sellar Lesion 10 Years After Initial

Diagnosis

Patient History

A 37-year-old female presented in the year
2005 with amenorrhea and galactorrhoea,
2 years after her second delivery. She started
noticing changes in appearance suggestive of
acromegaly, accompanied by headache, edema,
and elevated blood pressure 3 years before the
diagnosis of acromegaly.

Investigation and Treatment of Acromegaly

Acromegaly was diagnosed based on clinical
features (» Chap. 3), elevated IGF-1 (723 ng/
ml (2.5 ULN)), and growth hormone (GH)
with hyperprolactinemia (PRL levels 5500
mlU/1). A mixed GH + PRL secreting pituitary

800
700
600
500
400
| 300

tumor was diagnosed. MRI scan disclosed a
pituitary tumor 20 mm in diameter with infra
and left parasellar extension.

Primary medical treatment was offered
with dopamine agonist (cabergoline) plus
long-acting somatostatin analogue (SSA)
resulting in normalization of menstrual
cycles, loss of galactorrhea, normalization
of PRL levels, with significant reduction of
IGF-1 (1.2 ULN) and GH levels (B Fig. 8.5).
It also reduced tumor mass by half (11 mm)
(8 Fig. 8.6).

Our patient was well controlled both clini-
cally and biochemically and she refused pitu-
itary surgery.

ph Normal reference range of IGF-1: 94-252 ng/ml
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O Fig. 8.5 IGF-1 values during follow-up of primary medical treatment for acromegaly with dopamine
agonist and somatostatin analogue before pituitary surgery in 2015
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O Fig. 8.6 Pituitary MRI TWI coronal sections
with contrast enhancement during follow-up of
medical treatment for acromegaly (monthly soma-

= Follow-Up

Ten years after the initial diagnosis of acromeg-
aly, our patient experienced new and severe type
of headache. Pituitary MRI revealed a cystic
mass in the sella, with different localization and
MRI characteristics compared to previous ade-
noma (B Fig. 8.7). This round cystic lesion
showed strong peripheral contrast enhancement.

Postoperative Follow-Up: After surgery,
IGF-1 levels were still mildly elevated
(454 ng/ml (1.8 ULN)) and SSA was reintro-
duced leading to complete normalization of
IGF-1 and GH levels. As a consequence of
pituitary surgery, the patient developed cen-
tral hypothyroidism and diabetes insipidus.
She was replaced with L-thyroxine and des-
mopressin.

Xanthomatous hypophysitis is very rare
(3%). There is a female preponderance (female
to male ratio 3:1), with mean age of presenta-
tion in the fourth decade of life. It is usually a

tostatin analogue and dopamine agonist) in 2007,
2009, 2010, and 2014. Small tumor remnant is
reported just below the left cavernous sinus

round cystic lesion with firm fibrous capsule
and liquid yellow content. Histopathology
confirmed the diagnosis of xanthomatous
hypophysitis with lipid-rich macrophages
(foamy histiocytes), plasma cells, and small
lymphocytes without granuloma formation.
Fibrosis of the capsule was prominent.

Secondary etiology is more common and
usually associated with the preexisting pitu-
itary lesions (adenoma, Rathke’s cleft cyst,
craniopharyngioma). Subclinical pituitary
apoplexy may trigger inflammatory response
to necrotic tissue. Nearly 32% of hypophysitis
present on MRI as cystic lesions.

We have presented an unusual case of xan-
thomatous hypophysitis developing sub-
acutely with new type of headache after a
decade of successful medical treatment of
acromegaly. A new cystic pituitary lesion was
detected on MRI, and after pituitary surgery
xanthomatous hypophysitis was confirmed.
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O Fig. 8.7 Pituitary MRI TWI with contrast coronal a, ¢ and sagittal sections b, d before surgery for the cystic
lesion in 2015 a, b and after pituitary surgery in 2015 ¢, d showing that the lesion was completely resected
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0 What is the next step in diagnosis and man-

agement?

O Surgery was the next step in the

management of our patient. The
cystic lesion was removed by pituitary
transsphenoidal surgery.

@ Intraoperative findings revealed the

well-defined round firm cystic brownish
formation, very tightly attached to the

pituitary, filled with yellow liquid, which
was completely resected. No pituitary
adenoma was found.

o Histopathology report was consistent with

xanthomatous hypophysitis. Lipid-rich
macrophages were dominant to some
plasma cells and small lymphocytes in the
inflammatory infiltrate (B Fig. 8.8). No
tumor tissue of pituitary adenoma was
identified, only normal pituitary acini.

O Fig. 8.8 a Immunohistochemistry showing pancyto-
keratin AE1/AE3 positive acini of anterior pituitary sep-
arated by inflammatory cells. b Inflammatory infiltrate is

@ Learning Points

= Xanthomatous hypophysitis is rare and
usually of secondary etiology, more com-
mon in middle-aged women.

== [t can present with mass effect symptoms
(e.g., headache and visual disturbances)
and/or pituitary dysfunction (e.g., hyperp-
rolactinemia, hypopituitarism, and diabe-
tes insipidus).

= Surgery may relieve compressive symptoms,
but pituitary function may be affected and
should be followed up.

= MRI features of cystic pituitary lesion,

predominantly composed of lipid-rich macrophages
(CD68), ¢ T lymphocytes CD3 positive, and d rare B lym-
phocytes CD20 positive

with rim contrast enhancement, is challeng-
ing with differential diagnosis of hypophy-
sitis from a sellar abscess.

== Histopathology confirmed xanthoma-
tous hypophysitis by demonstrating large
number of lipid-rich macrophages (foamy
histiocytes) without granuloma formation
and some plasma cells and small lympho-
cytes. Fibrosis may also be prominent, as
well as liquid content of the cystic lesions
rich in cholesterol crystals.
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Case Report 4: A 12- Year-Old Girl with Diabetes Insipidus and Pituitary Stalk Thickening

Clinical Signs and Symptoms

A 12-year-old girl was referred to us for fur-
ther endocrine evaluation and management.
At the age of 8 years, she was diagnosed with
central diabetes insipidus thought to be conse-
quence of traumatic brain injury. She had serial
yearly MRI scans at the request of pediatric
endocrinologist. At the age of 12 years, MRI
showed a sellar and suprasellar lesion mark-

edly enhanced after gadolinium injection, with
thickening of the pituitary stalk (B Fig. 8.9).

On examination, she was of normal height
and weight and no pubertal development was
observed.

Investigations

Routine biochemistry was normal. Serum
tumor markers aFP and fHCG were negative.

O Fig.8.9 Pituitary MRI TW1 sagittal a and coronal sections b showed sellar and suprasellar lesion mark-
edly enhanced after gadolinium injection, with thickening of the pituitary 