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C H A P T E R  1
Pituitary Gland Therapies

1.1  CUSHING’S DISEASE

1.1.1  Pasireotide

1.1.1.1  Physiology

The Hypothalamic–Pituitary–Adrenal Axis
The hypothalamic–pituitary–adrenal (HPA) axis influ-
ences cortisol regulation through a complex balancing 
act between stimulatory and inhibitory factors. 
Corticotrophin-­releasing hormone (CRH), produced in 
the paraventricular nucleus of the hypothalamus, is 
transmitted by the hypophyseal portal venous system 
to corticotroph cells in the anterior pituitary gland [1]. 
CRH subsequently binds to corticotrophin-releasing 
hormone type 1 receptor (CRH-R1) on the surface of 
corticotrophs. As a result, ACTH is released from 
secretory vesicles in corticotrophs. It should be noted 
that Arginine vasopressin (AVP) further potentiates 
the anterior pituitary effects of CRH by acting on its 
cognate Vasopressin subtype 1b receptor (V1b-R) pre-
sent on corticotrophs. Additionally, CRH promotes 
the expression of the pro-opiomelanocortin (POMC) 
gene in the anterior pituitary gland, a process that also 
increases adrenocorticotropin hormone (ACTH) pro-
duction as well [2] (see Section 3.1.1).

Subsequently, ACTH binds to the melanocortin-2 
receptor (MCR-2) on cells present in the zona fascicu-
lata of the adrenal cortex, leading to increased cortisol 

synthesis  [3]. Adrenal-derived cortisol inhibits the 
secretion of POMC and ACTH by anterior pituitary 
corticotrophs through a negative feedback loop  [4]. 
Additional negative feedback inhibition of CRH 
and  AVP synthesis by cortisol occurs at the level of 
the  hypothalamic paraventricular nucleus  [5] (see 
Figure 1.1).

Normal and adenomatous corticotrophs express 
two subclasses of somatostatin receptors (SSR), 
namely somatostatin receptor subtype 2 (SSR2) and 
somatostatin receptor subtype 5 (SSR5). Somatostatin, 
a hypothalamic peptide, inhibits ACTH production 
through an inhibitory pathway regulated by circulating 
cortisol. Indeed, SSR2 receptors are easily downregu-
lated by cortisol, compared to SSR5 (more resistant to 
negative feedback by cortisol). As a consequence, SSR2 
receptor modulators (e.g. octreotide) are less effective 
in Cushing’s disease compared to SSR5 modulators 
(e.g. pasireotide) [6].

Hypothalamic and pituitary processes: CRH is 
released under trophic stimulation by various factors, 
including catecholamines, angiotensin II, serotonin, 
stress, and cytokines [7]. On the contrary, GABA inhibits 
CRH release and ultimately ACTH production [8]. 
CRH from the hypothalamus stimulates anterior 
pituitary corticotrophs to release their preformed ACTH 
from secretory vesicles (fast response). Furthermore, 
CRH increases POMC gene expression by anterior 
pituitary corticotrophs (slow response).
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2  Chapter 1  Pituitary Gland Therapies�

Furthermore, AVP binds to V1b receptors on corti-
cotrophs which further enhances the action of CRH at 
the level of the anterior pituitary gland [2]. Activation of 
dopamine D2 receptors (D2Rs) present on corticotroph 
cells by hypothalamic-derived dopamine inhibits ACTH 
synthesis and release (not shown)  [9]. Adrenal cortex 
processes: The binding of ACTH to the MCR-2 receptors 
present on cells in the zona fasciculata promotes the 
synthesis of cortisol from cholesterol  [3]. Feedback 
Loops Negative feedback inhibition of POMC and 
ACTH release is mediated by adrenal-derived cor-
tisol [4]. Furthermore, cortisol inhibits the synthesis of 
CRH and AVP from paraventricular nuclei in the hypo-
thalamus  [5]. Cortisol-mediated inhibition of somato-
statin receptor expression on corticotrophs affects 
SSR2 more than it does SSR5 [6]. + = shows stimulatory 
factors and feedback loops, and − = shows inhibitory 
factors and feedback loops.

1.1.1.2  Mechanism of Action

Pasireotide is a near pan-somatostatin receptor 
analog because it binds to four of the five isoforms of 
the somatostatin receptor family, namely (SSR1, SSR2, 
SSR3, and SSR5). Indeed, pasireotide binds to the SSR5 
receptor subtype more avidly than the other SSR, thus 

its demonstrable efficacy in Cushing’s disease. 
Corticotroph tumors in the anterior pituitary gland 
express more SSR5 receptors than other somatostatin 
receptor subtypes. Furthermore, cortisol’s negative 
feedback inhibition of somatostatin receptor expres-
sion by corticotrophs tends to impact SSR2 receptors 
more than the SSR5 receptor subtype. Due to its affinity 
for SSR5 receptors, pasireotide is an ideal therapeutic 
option for Cushing’s disease [10]. Also, see Figure 1.1.

1.1.1.3  Practice Guide

Pasireotide (Signifor) causes hyperglycemia, gastroin-
testinal discomfort, and cholelithiasis. The reported 
prevalence of hyperglycemia in clinical trials involving 
patients with Cushing’s disease who received pasireo-
tide ranged from 68.4% to 73%  [11]. Therefore, it is 
reasonable to screen for diabetes before and during 
treatment with pasireotide  [12]. Incretin mimetics, 
metformin, or insulin are preferred for treating 
pasireotide-mediated hyperglycemia [13]. The proposed 
mechanisms of pasireotide-mediated hyperglycemia 
are shown in Table 1.1.

Somatostatin inhibits both hepatic biliary secre-
tions and contraction of the wall of the gallbladder in 
normal physiology. As a result, patients exposed to 

FIGURE 1.1 Schematic representation of the HPA axis, highlighting critical stimulatory and inhibitory feedback loops.
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� 1.1 Cushing’s Disease  3

somatostatin analogs (SSAs) are predisposed to form-
ing gallstones [16].

The typical dose range for immediate-release pasir-
eotide is 0.3–0.9 mg (300–900 mcg) as a subcutaneous 
injection (thigh, upper arm, or abdomen) twice daily. A 
long-acting release (LAR) formulation is administered 
once a month (10–30 mg) intramuscularly as a depot 
injection by a health worker [13]. In practice, the LAR 
formulation is introduced after patients have demon-
strated a response to immediate-release pasireotide.

The B2305 pasireotide study group evaluated the 
efficacy of pasireotide in Cushing’s disease. In this piv-
otal phase 3 trial, 162 subjects with persistent, recurrent, 
or newly diagnosed Cushing’s disease (not  considered 
suitable candidates for transsphenoidal surgery) with 
urinary-free cortisol (UFC) levels 1.5 times the upper 
limit of the normal reference range were randomized to 
subcutaneous pasireotide 600 mcg (n  = 82) or 900 mcg 
(n  = 80), twice daily. The  primary outcome was UFC 
levels below or at the upper limit of the normal refer-
ence range. There was approximately a 50% reduction in 
median UFC levels in the second month of the study, 
and UFC levels stabilized through to the end of the study 
for all participants [17].

1.1.2  Retinoic Acid

1.1.2.1  Physiology

Regulation of Corticotroph Physiology by 
Retinoic Acid
The normal corticotroph cell has a POMC promoter 
gene, which is critical in POMC synthesis and eventual 
ACTH secretion. In normal physiology, there are 
retinoid-sensitive mediators (transcription factors) 
required for the activation of the POMC promoter 
gene, namely, activator protein 1 (AP-1) and nuclear 
receptor 77 (Nur77). Retinoic acid (RA), by binding to 
its nuclear RA receptors inhibits AP-1 and Nur77 
expression, thus preventing the activation of the POMC 
promoter gene [18, 19]. It should be noted that chicken 
ovoalbumin upstream promoter transcription factor 1 
(COUP-TF1) protects AP-1 and Nur77 from direct inac-
tivation by RA [20]. See Figure 1.2.

The reduced expression of the “protective tran-
scription factor,” COUP-TF1 by some corticotroph 
tumor cells makes RA a reasonable therapeutic option 
in Cushing’s disease [18, 20].

1.1.2.2  Mechanism of Action

RA reduces cortisol synthesis in subjects with 
Cushings disease through various observed mecha-
nistic pathways.

1.	 RA reduces the synthesis of ACTH and 
POMC in corticotroph tumors  [20]. This was 
reviewed earlier.

2.	 In addition, RA has direct tumoricidal effects 
on corticotroph tumors [20].

TABLE 1.1 Pathophysiological basis of pasireotide-
mediated hyperglycemia.

Hormone Effects of pasireotide

Insulin The binding of pasireotide to SSR5 
receptors present on beta cells inhibits 
pancreatic insulin release [11].

Glucagon The activation of SSR2 receptors present 
on pancreatic alpha cells leads to the 
inhibition of pancreatic glucagon release. 
In essence, the reduced affinity of 
pasireotide for the SSR2 receptor subtype 
promotes glucagon-mediated 
hyperglycemia [11].

Incretins Pasireotide, through intestinal 
somatostatin receptors, inhibits the 
release of the glucagon-like peptide 
1(GLP-1) and the glucose-dependent 
insulinotropic peptide (GIP) from K and L 
cells, respectively [14, 15]. See 
Section 4.1.7 for the role of incretins in 
insulin secretion.

Source: Adapted from refs. [11, 14, 15].

Clinical Trial Evidence

SSR5 receptors are abundant in corticotroph tumors, 
as has been previously mentioned. The Pasireotide 
B2305 Study group trial investigated the efficacy 
of  pasireotide, a SSA with a profound affinity for 
the SSR5 receptor, in reducing corticotroph tumor 
growth [17].

Key Message
Pasireotide led to a halving of median urinary-free 
cortisol levels in a cohort of patients with confirmed 
Cushing’s disease (persistent, recurrent, or newly 
diagnosed).
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4  Chapter 1  Pituitary Gland Therapies�

3.	 RA reduces adrenal cortisol production through 
its antiproliferative effects on hyperplastic 
adrenocortical cells [20].

4.	 RA also downregulates the expression of the 
MCR-2 by adrenal cells (see Figure 1.1, [21]).

1.1.2.3  Practice Guide

•	 RA is teratogenic and should be used with extra 
caution in women of reproductive age group. 
Other reported side effects of RA include photo-
sensitivity and mucositis [22].

•	 RA receptor activation increases the cortisol 
suppressive effects of dopaminergic agonists 
(DAs). Combining RA and DA is a suggested 
therapeutic option in patients with Cushing’s 
disease [23]. In this single-arm open-label prospective study 

over a 12-month period, 16 patients with persistent or 
recurrent Cushings disease after transsphenoidal sur-
gery were treated with isotretinoin monotherapy. All 
subjects received 20 mg of oral isotretinoin once daily. 
This was increased by 20 mg every 4 weeks to a 
maximum dose of 80 mg once daily. The primary out-
come was defined as normalization of UFC or > 50% 
reduction in UFC. At the end of the study, four patients 

FIGURE 1.2 The role of retinoic acid in anterior corticotroph pathophysiology. AP-1 and Nur77 are critical transcription factors 
required for activation of the POMC promoter gene in a corticotroph cell. The COUP-TF1 transcription factor prevents RA’s 
inhibitory action on both AP-1 and Nur77, allowing POMC transcription and ACTH secretion to proceed in normal physiology 
(image A1) [18, p. 11]. On the contrary, corticotroph tumors have a reduced expression of COUP-TF1, which allows RA to inhibit 
AP-1 and Nur77 (critical mediators of POMC promoter gene activation) (image A2) [20]. The thickness of the dashed circle = degree 
of expression of COUP-­TF1. Adapted and modified from Pecori GF et al. [20].

Clinical Trial Evidence

The first proof-of-concept study of RA in humans 
with Cushing’s disease was carried out in 7 sub-
jects, with a variable decrease in UFC levels 

Key Message
Retinoic acid (a new treatment approach) was asso-
ciated with a greater than 50% reduction in urinary-
free cortisol levels compared to baseline in this 
small study. Retinoic acid is a potential therapeutic 
option in patients with persistent or recurrent 
Cushings disease.

ranging from 22 to 73%  [20]. A recent open-label 
prospective trial evaluated the safety and efficacy 
of isotretinoin (13-cis RA isomer) in patients with 
persistent or recurrent Cushing’s disease [24].
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(25%) had sustained normalization of UFC [24]. The 
expression of COUP-TF1 (determinant of response to 
RA) by pituitary corticotrophs was not assessed in this 
study. This may explain the low response rate observed 
in the study (see Figure 1.2).

1.1.3  Dopaminergic Agonists

1.1.3.1  Physiology

The Hypothalamic–Pituitary–Adrenal Axis
Refer to Figure 1.1 to review the effects of hypothalamic-
derived dopamine on ACTH-producing corticotrophs.

1.1.3.2  Mechanism of Action

Although approximately 80% of corticotroph ade-
nomas express D2 receptors, they have relatively low 
D2 receptor density, making DAs a less favorable 
therapeutic option  [25]. Bromocriptine and cabergo-
line reduce cortisol production by binding to D2 recep-
tors present on corticotrophs; however, they are not as 
effective as SSAs [9].

1.1.3.3  Practice Guide

•	 Patients taking DAs exhibit an “escape 
phenomenon,” which is characterized by up to a 
third of patients who previously responded 
experiencing rebound hypercortisolemia [25].

•	 Cabergoline is associated with valvular heart 
disease, especially in patients exposed to doses 
close to the upper limit of the acceptable dose 
range  [26]. Therefore, serial echocardiograms 
are reasonable in patients who are taking high 
doses of cabergoline  [26] or are exposed to a 
cumulatively high lifetime dose [27].

•	 Common side effects of DAs include postural 
dizziness, nausea, and headaches [28].

•	 In contrast to the lower dose range of 0.5–
2.0 mg/week of cabergoline used in prolactino-
mas [29], a much higher dose range between 2.5 
and 5 mg/week is required to treat CD [30, 31]. 
See Section 1.3.1

This single-arm, retrospective study assessed the 
efficacy of cabergoline in Cushing’s disease. A total of 
30 patients received oral cabergoline 0.5–1.0 mg/week, 
uptitrated weekly. The primary outcome was defined 
as normalization of UFC levels or > 50% reduction in 
UFC (this occurred in 36.6% of subjects) [32].

1.1.4  Steroidogenesis Inhibitors

1.1.4.1  Physiology

Adrenal Steroidogenesis
Review of adrenal steroidogenesis (see Section 3.1.1). 
The role of various adrenal steroidogenic inhibitors, 
such as ketoconazole, metyrapone, and mitotane in 
Cushing’s syndrome, is shown in Figure 1.3 [37].

1.1.4.2  Mechanism of Action

See Figure 1.3 for a summary of various enzymatic tar-
gets of steroidogenic inhibitor therapies. The mecha-
nism of action of metyrapone, mitotane, ketoconazole, 
and the recently approved steroidogenesis inhibitor, 
osilodrostat, will be reviewed next.

Metyrapone: Metyrapone has a pyridine moiety, 
which allows it to alter the activity of 11beta-
hydroxylase (critical in the final step of cortisol 
synthesis). Other metyrapone-inhibited ste-
roidogenic enzymes include the 17 alpha-
hydroxylase(17α-OH) and 18-hydroxylase 
enzymes (less potent inhibition) [36].
Mitotane: Mitotane has both “adrenolytic” 
(adrenal cell death) and “adrenostatic” (enzymatic 
inhibition) properties. Mitotane is a chemother-
apeutic agent with a diphenylmethane moiety 
that causes mitochondrial dysfunction, lysis, and 
necrosis. Mitotane, as stated earlier, exerts its 
“adrenostatic” function by inhibiting the side-
chain cleavage enzyme, 11beta hydroxylase, and 
3βHSD [36].
Ketoconazole: Ketoconazole has an imidazole 
group (confers its antifungal properties) with 
demonstrable inhibitory effects on various ste-
roidogenesis enzymes (in particular, the side 

Clinical Trial Evidence

In this study, the long-term effects of cabergoline 
therapy in patients with Cushing’s disease were 
explored [32].

Key Message
A third of patients with Cushing’s disease treated 
with cabergoline achieved either normalization or a 
significant reduction in urinary-free cortisol levels.
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6  Chapter 1  Pituitary Gland Therapies�

chain cleavage complex, 17 alpha-hydroxylase 
and 11 beta-hydroxylase) in the adrenal cortex 
and gonads [36].
Osilodrostat: Osilodrostat, like metyrapone, 
inhibits 11-beta hydroxylase activity in the adrenal 
cortex. However, unlike metyrapone, osilodrostat 
has a relatively higher potency and a shorter 
plasma half-life; thus, it can be administered less 
frequently (two times daily instead of four times 
daily) [38].

1.1.4.3  Practice Guide

In practice, these agents are slowly titrated to achieve 
normal serum cortisol, which can be monitored using 
late-night salivary cortisol or 24-hour UFC. Overt 
hypoadrenalism is an inadvertent complication that 
should be anticipated in patients taking steroidogen-
esis inhibitors [13].

Metyrapone: Hypokalemia is a known compli
cation of metyrapone treatment due to the 

accumulation of intermediate steroids with 
intrinsic mineralocorticoid activity (for example, 
11-DOC). Therefore, close  monitoring of 
serum  potassium is therefore required  [35]. 
Furthermore, hirsutism (shunting of  proximal 
steroids into androgenic precursors), hyper
tension, and edema (mineralocorticoid effects 
of 11-deoxycorticosterone) can occur in patients 
on metyrapone. Unlike ketoconazole, metyra-
pone is comparatively safer in pregnancy [39].
Mitotane: Mitotane is lipophilic and, as a 
result,  is  stored in a large repository of adipose 
tissue. This increases the drug’s half-life, 
leading  to a delay in its onset of action. Most 
importantly, the dose of mitotane required to 
treat Cushing’s disease is much lower than the 
large tumoricidal dose used to treat adrenocor-
tical carcinomas  [40]. Mitotane has teratogenic 
effects and due to its large volume of distribution 
(stored in adipose tissue), it should be discon
tinued for at least five years before potential 
conception [41].

FIGURE 1.3 Schematic representation of adrenal steroidogenesis pathways and the site of action of various enzyme inhibitors. 
Metyrapone primarily inhibits 11 beta-hydroxylase activity (11β-OH), which results in reduced cortisol production of cortisol [33]. 
Consequently, there is an accumulation of intermediate mineralocorticoid precursors (11-DOC) [34] and a shunting of 
progesterone and pregnenolone to androgen production [35]. Mitotane inhibits various adrenal steroidogenic enzymes, including 
the side chain cleavage enzyme complex(StAR/SCC), 11beta hydroxylase(11β-OH), and 3βHSD [36]. Ketoconazole similarly 
inhibits various steroidogenic enzymes, including the side chain cleavage enzyme complex, 17alpha hydroxylase (17α-OH), and 
11β-OH enzymes [36]. Source: Adapted from ref. [37].
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Ketoconazole: Ketoconazole is the recom-
mended first-line medical therapy for nonpreg-
nant adults with confirmed endogenous 
hypercortisolemia. It is an FDA category C drug 
and  may interfere with androgen-dependent 
development of the sex organs of an unborn 
male baby. Despite these apparent antian
drogenic effects, it has been inadvertently used 
in  expectant mothers without overt deleterious 
fetal effects  [39, 41]. Side effects encountered in 
routine practice include gynecomastia,  hepatic 
injury, male hypogonadism, and gastrointestinal 
discomfort. Electrolyte imbalance is usually due 
to either uncontrolled hypercortisolemia (min-
eralocorticoid receptor activation by cortisol) or 
hypoadrenalism [42].
Osilodrostat (isturisa): The most common adverse 
drug events include nausea, headaches, and the 
clinical effects of either the accumulation of pre-
cursor adrenal hormones or overt hypocorti-
solemia (adrenal insufficiency). Osilodrostat has 
clinical utility in persistent and recurrent 
Cushing’s disease [43].

Clinical Trial Evidence

This was a retrospective study to evaluate the efficacy 
of mitotane in Cushing’s disease. Seventy-six consec-
utive patients with proven Cushing’s disease report-
ing to a single facility were followed for a median 
period of 6.7 months (95% CI of 5.2–8.2 months). The 
patients received mitotane at a total daily dose of 4 g in 
three divided doses. Gradual de-escalation to a mini-
mally tolerable dose needed to maintain remission 
was allowed during the study. There was no placebo 
or active comparator arm. The primary outcome 
was defined as Cushing’s disease (normalization of 
24 hours of UFC). This occurred in 72% of patients [40].

Key Message
Mitotane leads to biochemical amelioration of 
Cushing’s disease (normalization of 24-hour 
urinary-free cortisol) in more than 70% of patients 
at doses much lower than required for the treatment 
of adrenal carcinoma.

Pathophysiology Pearl
The cortisol-­to-­cortisone shunt

FIGURE 1.4 The cortisol-to-cortisone shunt and the role of two isoforms of 11 beta-hydroxysteroid dehydrogenase (11β-HSD) 
enzymes. Cortisol and aldosterone bind to the nonselective renal mineralocorticoid receptor under normal physiologic 
conditions [44]. The 11-beta hydroxysteroid dehydrogenase type 2 (11β-HSD2) isoform converts cortisol to cortisone, thus 
protecting the renal MCR from direct activation by cortisol. The 11 beta-hydroxysteroid dehydrogenase type 1 (11β-HSD1) 
isoform converts inactive cortisone to cortisol [45].
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8  Chapter 1  Pituitary Gland Therapies�

1.1.5  Mifepristone

1.1.5.1  Physiology

Glucocorticoid Receptor Physiology
There are two isoforms of the glucocorticoid receptor 
(GR), namely, the GRα and GRβ glucocorticoid 
receptor. The GRα isoform is the proverbial “classic 
glucocorticoid receptor” in the cytosol, while the GRβ 
isoform resides in the nucleus. The GRβ receptor 
exerts a mainly modulatory role by inhibiting the 
function of GRα  [46]. Figure  1.5 shows the mecha-
nism of action of cortisol in normal physiology.

1.1.5.2  Mechanism of Action

Mifepristone, also known as RU486 (Roussel-Uclaf 
38 486), has antiglucocorticoid and anti-progesterone 
effects. RU486 binds to the ligand-­binding domain 
(LBD) of the cytosolic glucocorticoid receptor without 
directly promoting its downstream effects, such as 
activation of hormone response elements and tran-
scription factors involved in glucocorticoid-mediated 
gene function [49].

1.1.5.3  Practice Guide

•	 Patients taking mifepristone (Korlym) may 
develop significant hypercortisolemia (with 
elevated ACTH levels), which can increase their 
risk of hypokalemia and hypertension (cortisol 

activating renal MCR)  [50]. Antiprogestin 
effects predispose female patients to endome-
trial hyperplasia (unopposed estrogen action).

•	 Monitor patients for symptoms and signs 
of  adrenal insufficiency. It is worth noting 
that  cortisol levels are unreliable in patients 
on  mifepristone. Indeed, patients may be 
“adrenally insufficient” despite high cortisol 
levels (blockade of the GR) [51].

•	 Mifepristone is approved by the FDA of the 
United States (Food and Drug Administration) to 
manage endogenous hypercortisolemia associ-
ated with hyperglycemia [52]. Glycemic control 
improves in up to 60% of patients treated with 
mifepristone. Thus, doses of antihyperglycemic 
agents may need to be adjusted [53].

•	 It is also an abortifacient due to its antiproges-
terone effects. Table 1.2 shows the therapeutic 
sites of action of medical-directed therapies of 
Cushing’s disease.

Clinical Pearl
Ketoconazole-­induced apparent mineralocorticoid 
excess

There is a reported case of apparent mineralocorticoid 
excess (AME) in a patient treated with ketoconazole. 
The patient developed hypokalemia and hypertension 
in a manner that simulated a “non-­glucocorticoid-­
mediated” AME. Unlike metyrapone, which mainly 
inhibits 11-beta hydroxylase (not to be confused 
with 11β-HSD), ketoconazole inhibits 11-beta hydrox-
ylase and proximal side-chain cleavage enzymes (see 
Figure 1.3). This conventionally results in a relatively 
lower concentration of 11-Deoxycorticosterone 
(a potent mineralocorticoid) in patients treated with 

ketoconazole compared to metyrapone. Therefore, 
hypertension and hypokalemia may be inadvertently 
attributed to refractory hypercortisolemia (effects of 
excess cortisol overwhelming 11β-HSD2 and acti-
vating the renal MCR) rather than accumulation of 
DOC (see Figure 1.4). In this scenario, an increase in 
the dose of ketoconazole due to the presumed uncon-
trolled hypercortisolemia would exacerbate hyperten-
sion and hypokalemia (mineralocorticoid effects of 
DOC). Although DOC-mediated hypertension is 
more common in patients treated with metyrapone, 
this rare case report highlights the possibility of 
ketoconazole-mediated hypertension due to DOC 
accumulation of DOC in Cushing’s syndrome [42].

Clinical Trial Evidence

The Study of the Efficacy and Safety of Mifepristone 
in the Treatment of Endogenous Cushing’s 
Syndrome (SEISMIC) and its extension sub-study 
assessed the effects of long-term mifepristone on 
neuroimaging findings in patients with Cushing’s 
disease [55].
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� 1.1 Cushing’s Disease  9

The SEISMIC trial was an open-label, multicenter 
prospective study that evaluated the effects of mife-
pristone on tumor size and ACTH levels in Cushing’s 
disease over a 24-week period. Subjects received a 
starting dose of oral mifepristone (300 mg) once daily, 
steadily increasing to a maximum daily dose of 
1200 mg. The primary outcome was defined as a 
change in ACTH (compared to baseline) and MRI 
changes (volumetric changes in tumor size). 72% of 
the subjects had a twofold increase in ACTH compared 

TABLE 1.2 Summary of therapeutic targets 
in Cushing’s disease.

Therapy The primary site of action

Pasireotide Anterior pituitary gland (SSR1, SSR2, 
SSR3, and SSR5 receptors)

Retinoic acid Anterior pituitary gland (Retinoic acid 
receptors)

Cabergoline Anterior pituitary gland 
(Dopaminergic receptors)

Ketoconazole Adrenal steroidogenesis inhibitor

Metyrapone Adrenal steroidogenesis inhibitor

Mitotane Adrenal steroidogenesis inhibitor

Mifepristone Glucocorticoid receptor antagonist

Source: Adapted from Hinojosa-Amaya et al. [54].

FIGURE 1.5 Glucocorticoid receptor physiology. Cortisol (glucocorticoid), a steroid hormone, diffuses through the plasma 
membrane to bind to the ligand-binding domain (LBD) of the cytosolic glucocorticoid receptor (Step 1). The hormone–receptor 
complex undergoes a conformational change and is then translocated from the cytosol into the nucleus to exert its genomic effects 
(step 2). The glucocorticoid receptor’s DNA binding domain (DBD) binds to its assigned hormone response sequence, the 
Glucocorticoid Response Element (GRE), to exert its intranuclear effects. This leads to the activation of transcription factors, 
which can activate or inactivate gene expression [46, 47]. Glucocorticoids may also exert nongenomic effects through various 
kinases (step 3). This typically occurs minutes after ligand–receptor interaction in the cytosol [46]. The nongenomic effects of 
glucocorticoids include inflammatory and noninflammatory processes (calcium mobilization and muscle function) [48]. GRβ 
inhibits the intranuclear effects of GRα [46]. Source: Adapted from ref. [46].

Key Message
Although mifepristone causes an increase in ACTH 
among patients with Cushing’s disease, it does not 
significantly increase the size of the pituitary tumor.
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10  Chapter 1  Pituitary Gland Therapies�

to baseline. ACTH returned to baseline after discon-
tinuing RU486. Tumor progression and regression 
occurred in two and three subjects, respectively. This 
was not statistically significant. In fact, there was no 
evidence that mifepristone predisposes patients to 
accelerated pituitary tumor growth [55].

In conclusion, there are novel therapies for 
Cushing’s disease which are currently in development. 
These include cyclin-dependent kinase 2 (CDK2) 
modulators (Roscovitine), epidermal growth factor 
receptor (EGFR) inhibitors (Gefitinib), and GR antag-
onists (Relacorilant), to mention a few [54].

1.2  ACROMEGALY

1.2.1  Somatostatin Analogs

1.2.1.1  Physiology

The role of somatostatin in the regulation of 
growth hormone.

Growth hormone-­releasing hormone (GHRH) is a 
peptide hormone composed of 44 amino acids syn-
thesized in the arcuate nucleus of the hypothalamus. 
GHRH is secreted in a pulsatile fashion and is car-
ried from the hypothalamus to the anterior pituitary 
gland through the hypothalamo-hypophyseal ves-
sels. By binding to receptors on the surface of ante-
rior pituitary somatotrophs, GHRH stimulates gene 
transcription, translation, and the eventual release 
of growth hormone (GH) from their secretory vesi-
cles. Somatostatin (also known as somatostatin 
receptor inhibitory factor, SRIF), on the other hand, 
blocks the release of GH by somatotrophs by acting 
on somatostatin receptors (primarily SSR2 recep-
tors) [60]. Ghrelin (derived from gastric oxyntic cells) 
is a GH secretagogue that exhibits its effects by act-
ing on hypothalamic GHRH cells in the median 
eminence [61]. GH and insulin-like growth factor 1 
(IGF-1) provide additional negative feedback inhibi-
tion of GH secretion (see Figure  1.6). Refer to 
Table 1.3 for a summary of the various physiological 
factors which regulate growth hormone secretion.

GH binds to the extracellular component of the 
hepatic GH receptor (GH-R) and induces a series of 
intracellular processes required for the transcription 
and translation of specific genes that encode IGF-1, 
IGF-­binding protein 3 (IGFBP3), and an acid-­labile 
­subunit (ALS) [68–70]. These products of GH action 
at the level of the liver form a ternary complex in 
circulation that influences the ability of IGF-1 to 
bind its peripheral insulin-like growth factor 1 
receptor (IGF-1R). Indeed, post-translational modi-
fication of IGFBP3 (e.g. glycosylation, phosphoryla-
tion) is an essential determinant of IGF-1’s ability 

Concepts to Ponder Over

Will octreotide, an SSR2 agonist, be a suitable 
therapeutic option in patients with Nelson 
syndrome?

Nelson syndrome (NS) may occur after bilateral 
adrenalectomy in patients with Cushing’s disease.  
NS  is characterized by corticotroph tumor expan-
sion and elevated levels of ACTH. However, the 
underlying pathophysiology of this condition 
remains unclear at this time [56]. The loss of nega-
tive feedback inhibition of cortisol on tumorous 
corticotroph cells inadvertently leads to their prolif-
eration. Patients may develop hyperpigmentation 
involving the skin and mucous membranes due to 
elevated levels of ACTH [57].

It should be noted that cortisol inhibits SSR on 
corticotroph cells. SSR2 receptors are preferentially 
inhibited to a higher degree than SSR5 receptors [6]. 
In NS, the lack of cortisol-mediated downregula-
tion of SSR2 receptors makes SSAs, which bind to 
this receptor subtype, a reasonable therapeutic 
option. Although octreotide is less effective in treat-
ing Cushing’s disease, it has a role in Nelson’s syn-
drome [56, 58].

How does cabergoline (a dopaminergic 
agonist) cause cardiac valvulopathy?

Compared to bromocriptine, cabergoline is associ-
ated with a higher risk of cardiac valvulopathy. The 
reported cardiac effects of cabergoline include the 
thickening of the chordae tendineae and cardiac 
valves  [59]. The binding of cabergoline to 5HT2B 

receptors in the endocardium leads to valvulopathy. 
The predilection of cabergoline-induced valvulopa-
thy for the tricuspid valve may be due to the dispro-
portionately high amount of this receptor subtype 
in the right side of the heart [27].

0005671065.INDD   10 11-25-2023   09:36:34



� 1.2 Acromegaly  11

to  bind to IGF-1R. For example, glycosylation of 
IGFBP3  increases the ability of IGF-1 to bind to 
IGF-1R. Deglycosylation, on the other hand, impairs 
ligand-to-receptor binding  [62]. The consequences 
of GH action are widely accepted as pivotal for mac-
ronutrient metabolism (carbohydrate, lipid, and pro-
tein) and cellular growth [71].

1.2.1.2  Mechanism of Action

SSAs activate SSR on somatotroph tumor cells and 
thus inhibit their production of GH and, conse-
quently, hepatic IGF-1. There is evidence that SSAs 
also lead to a reduction in the size of GH-secreting 
tumors [72, 73].

FIGURE 1.6 The growth hormone and insulin-like growth factor 1 axis. Hypothalamic-derived GHRH binds to GHRH-R on 
anterior pituitary somatotrophs and consequently mediates their secretion of GH. Binding of GH to GH-R in the liver promotes 
the synthesis of IGF-1, ALS, and IGFB3 – a complex that determines the circulating half-life and, therefore, peripheral effects of 
IGF-1. IGF-1 exerts negative feedback inhibition of GH and GHRH in the anterior pituitary and hypothalamus, respectively. GH 
exerts negative feedback inhibitory effects on its production at the level of the anterior pituitary gland. Somatostatin inhibits the 
release of growth hormone by somatotrophs. Important co-inhibitory and co-stimulatory factors influencing net GH secretion are 
shown (negative and positive signs). Source: Adapted from ref. [62].

TABLE 1.3 Regulators of GH.

Promotes GH secretion Inhibits GH secretion

Arginine [63] Overnutrition [64]
Clonidine [63] Glucocorticoids 

(high doses) [65]
Estrogena [66] Somatostatin [60]
Hypoglycemia, Glucagon [67]
L-dopa [63]
Exercise [63]

a This effect is route-dependent, with the oral route causing an 
increase in GH and a paradoxically low IGF-1. Transdermal 
estrogen does not produce this effect [66].
Source: Adapted from refs. [60, 63–67].
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1.2.1.3  Practice Guide

SSAs approved in the United States for the treatment 
of acromegaly include octreotide (short release), 
octreotide long-acting release (Sandostatin LAR), and 
lanreotide (Somatuline). A few practice pearls were 
shared earlier in Section  1.1.1 (use of pasireotide in 
Cushing’s disease).

•	 A hallmark side effect of pasireotide is hyper-
glycemia. The risk of hyperglycemia is dispro-
portionately higher among patients with 
diabetes or prediabetes; it is reasonable to 
screen for hyperglycemia before and during 
treatment [74].

•	 First-generation SSAs (for example, lanreotide 
and octreotide) have a higher affinity for SSR2 
than the SSR5 isoform of the somatostatin 
receptor  [75]. Pasireotide, on the other hand, 
has a greater affinity for the SSR5 receptor 
subtype. Tumor response is influenced by the 
density of specific histological SSR subtypes 
(e.g. sparsely vs. densely granulated growth 
hormone-secreting tumors) [76]. This is clini-
cally relevant since it can influence the effec-
tiveness of selected therapies. For example, 
sparsely granulated somatotroph tumors tend 
to express SSR5 receptors (pasireotide). 
Densely granulated somatotrophs, on the 
other hand, express the SSR2 subtype (octreo-
tide) predominantly [76–78].

•	 SSAs are associated with an increased risk of 
cholelithiasis and diarrhea [79].

•	 Monitoring response to therapy – IGF-1 should 
normalize to the age and sex-specific reference 
range for IGF-1. Furthermore, GH should be 
suppressed to a nadir of <1 ng/mL or < 0.4 ng/mL 
(for newer and more sensitive GH assays) after 
an oral glucose load with 75 g of anhydrous 
glucose (Oral glucose tolerance test).

The PAOLA study (Pasireotide versus continued 
treatment with octreotide or lanreotide in patients with 
inadequately controlled acromegaly) was a randomized, 
prospective, parallel-group study evaluating the safety 
and efficacy of pasireotide. 198 patients with uncon-
trolled acromegaly (GH >2.5 mcg/L and IGF > 1.3 
times the age- and gender-adjusted upper limit of 
normal) on octreotide or lanreotide for a minimum of 
6 months. Patients were randomized to pasireotide 
(40 or 60 mg) administered intramuscularly once every 
28 days or active comparators (octreotide or lanreo-
tide). The authors defined the primary outcome as a 
GH level <2.5 mcg/L and normalization of IGF-1. 
The  primary outcome occurred in 15% (40 mg), 20% 
(60 mg), and 0% (octreotide/lanreotide) [80].

1.2.2  Growth Hormone Receptor 
Antagonists

1.2.2.1  Physiology

Growth Hormone and IGF-1 Pathway
The growth hormone receptor (GH-R) belongs to the 
cytokine receptor family  [82] and is composed of 
extracellular (binds to its cognate ligand, that is, GH), 
transmembrane, and cytosolic domains  [83]. See 
Figure 1.7 and Table 1.4.

1.2.2.2  Mechanism of Action

Pegvisomant has structural homology with endoge-
nous GH except for the substitution of nine amino 
acids. Pegylation (the process of attaching polyeth-
ylene glycol to the protein) of GH changes its pharma-
cokinetic properties, making it hypoallergenic [87].

Due to its similarity to GH, Pegvisomant can 
occupy the GH receptor pocket, depriving the receptor 
of direct activation by GH. More importantly, it does 
not activate GHR (antagonistic action) because it 
induces defective dimerization of the receptor, thus 
preventing subsequent signal transduction pathways 
(JAK–STAT signaling) and eventual production of 
IGF-1 [88].

Clinical Trial Evidence

Pasireotide, a second-generation multireceptor SSA, 
causes a more significant biochemical improve-
ment of acromegaly in contrast to first-generation 
SSAs (octreotide and lanreotide) [80, 81].

Key Message
In patients with uncontrolled acromegaly with 
octreotide or lanreotide, pasireotide produces a 
treatment response in 15–20% of patients.
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1.2.2.3  Practice Guide

•	 Pegvisomant can cause an increase in the size 
of GH-secreting tumors; it is thus recom-
mended to monitor tumor size with serial 
pituitary MRIs [89]. Coadministration of SSAs 
and pegvisomant can reduce the risk of 
tumor  re-expansion compared to pegvisomant 
monotherapy [90].

•	 Pegvisomant, a GH-R antagonist, causes an 
increase in GH levels, thus limiting the utility of 
GH assessments during monotherapy with this 
agent. As a result, the evaluation of treatment 

FIGURE 1.7 Growth hormone receptor and intracellular effects of GH to GHR binding. GH binds to the GH-R, leading 
to dimerization and consequent structural change in the receptor. This critical step initiates the Janus-­Kinase (JAK) 
signal transducer and activator of transcription (STAT) intracellular signaling pathway. The phosphorylation of 
tyrosine residues in both the GHR transmembrane domain and STAT molecules is mediated by activated JAK2 tyrosine 
kinase [84]. There are various STAT molecules involved in specific intracellular processes. STAT5 (transcription factor), 
for example, is translocated from the cytoplasm to the nucleus and binds to DNA in specific DNA binding 
regions(DBRs) [85], which encode protein sequences [86]. Mitogen-activated protein kinase (MAPK) activation by 
JAK2 ultimately exerts genomic (gene expression) and non-genomic effects. GH mediates the production of IGF-1 in 
various tissues other than the liver, including growth plate chondrocytes, adipose tissue, and skeletal muscle [86]. 
Source: Adapted from ref. [85].

TABLE 1.4 Gene sequences encoding IGF-1 
production in specific organs.

Organ Gene sequence(s)

Liver Socs2

Skeletal muscle Igf1

Fat (Adipose tissue) Fos, Jun, and Igf1

Bone (Chondrocyte) Igf1

Socs2, suppressor of cytokine signaling 2; Igf1, insulin-like 
growth factor 1; Jun, proto-oncogene; Fos, proto-oncogene.
Source: Adapted from Chia [86].

0005671065.INDD   13 11-25-2023   09:36:37



14  Chapter 1  Pituitary Gland Therapies�

response requires serial monitoring of serum 
IGF-1 levels [89].

•	 Hepatic enzyme elevation occurs during 
treatment and resolves after cessation of therapy. 
Liver function tests (LFT) should therefore 
be  routinely monitored during treatment. 
Consequently, patients with unexplained eleva-
tions in LFT should not start pegvisomant [91].

A randomized, double-blind, placebo-controlled 
study comparing various doses of pegvisomant with 
placebo in patients with acromegaly over a 12-week 
study period. A total of 112 subjects with confirmed 
acromegaly, status-post pituitary surgery, radiation 
therapy, drug therapy, or treatment-naïve. Study 
participants were randomized to various doses of sub-
cutaneous pegvisomant administered daily (10 mg, 
15 mg, or 20 mg) or a comparable placebo. The primary 
outcome was defined as a mean change in IGF-1 com-
pared to the baseline level. There was a mean decrease 
in IGF-1 of 4%, 26.7%, 50.1%, and 62.5% in the placebo, 
10 mg,15 mg, and 20 mg, respectively. Various doses of 
pegvisomant compared to placebo resulted in a clini-
cally significant decrease in IGF-1 and improved 
clinical features of acromegaly [88].

1.2.3  Dopaminergic Agonists

1.2.3.1  Physiology

Growth Hormone Physiology and the Role 
of Central Dopaminergic Pathways
The binding of dopamine to D2 receptors in either pitui
tary somatotrophs or lactotrophs impairs the release 
of GH and prolactin, respectively [94]. Additionally, 
dopamine impairs hypothalamic somatostatin release, 
increasing GHRH secretion [95] (See Figure 1.6).

The differential effects of dopamine on GH secre-
tion should be appreciated in normal physiology. The 
effects of Dopaminergic agonists (DA) at the level of 
the anterior pituitary gland are more profound than its 
effects in the hypothalamus. The net effect is a 
reduction in GH secretion.

1.2.3.2  Mechanism of Action

Growth hormone-secreting tumors express D2R recep-
tors to varying degrees, determining their response to 
DAs  [96]. Indeed, the responsiveness of D2Rs on 
somatotroph tumors depends on their sensitivity and 
the concentration of circulating GH [97].

1.2.3.3  Practice Guide

•	 Cabergoline is more effective than bromocrip-
tine and reduces tumor size in approximately 
30% of patients [98]. Also, see Section 1.1.3.

Clinical Trial Evidence

The pivotal study that led to the approval of pegvi-
somant was published in 2000. It was a phase III 
study that compared various doses of pegvisomant 
with placebo [88]. Additional long-term safety data 
are available from the ACROSTUDY database. 
The ACROSTUDY registry is a prospective, Phase IV 
(post-marketing surveillance) study of patients 
with acromegaly treated with pegvisomant [92, 93].

Key Message
There is a low but clinically significant risk of tumor 
re-expansion for patients receiving pegvisomant 
monotherapy, although this should not preclude its 
use (ACROSTUDY).

Clinical Trial Evidence

There is a paucity of evidence from randomized, 
placebo-controlled clinical trials among patients 
with acromegaly treated with cabergoline [99].

Key Message
Normalization of IGF-1 occurs in a third of acrome-
galic patients treated with cabergoline monother-
apy. There is limited information about the effects 
of cabergoline on tumor size. Tumor shrinkage was 
demonstrated in patients with high baseline levels 
of prolactin (PRL) and IGF-1. It is a reasonable 
treatment option in somatomammotrophic tumors 
(GH-PRL co-secreting tumors).
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This was a meta-analysis of prospective, nonran-
domized studies in patients with cabergoline-treated 
acromegaly. A total of 227 subjects in 15 studies with 
significant heterogeneity were evaluated. There was 
no placebo group in this study. The patients were 
exposed to cabergoline monotherapy at variable 
doses ranging from 0.3–7 mg/week. The authors 
defined the primary outcome as the normalization 
of IGF-1. The primary outcome was achieved in 34% 
of patients [99].

1.3  PROLACTINOMA

1.3.1  Dopaminergic Agonists

1.3.1.1  Physiology

Regulation of Prolactin Release
Anterior pituitary lactotrophs release prolactin 
(a  peptide hormone) under trophic stimulation by a 
hypothalamic-derived prolactin-­releasing factor 
(a putative hormone), vasoactive intestinal peptide, or 
thyrotropin-­releasing hormone (TRH) [105].

Hypothalamic dopamine (tuberoinfundibular 
dopaminergic neuronal cells) inhibits the release of 
prolactin by binding to D2 receptors on anterior 
pituitary lactotrophs. Prolactin increases hypotha-
lamic dopamine release by upregulating tyrosine 
hydroxylase activity (dopamine synthesis pathway) in 
tuberoinfundibular neurons, thus promoting its inhi-
bition by dopamine [106] (Figure 1.8). A summary of 
the various physiological regulators of prolactin secre-
tion is shown in Table 1.5.

Although classically associated with the function 
of the mammary glands, prolactin has several extra-
mammary effects due to the presence of prolactin 
receptors in various tissues. There are PRL receptors 
(PRL-R) in pancreatic beta cells (glucose-mediated 
insulin release), adipose tissue (thermoregulation), 
and hematopoietic cells (T-cell activation), to name a 
few [107, 108].

Concepts to Ponder Over

What is the effect of estrogen replacement 
therapy on the GH–IGF-1 axis?

There is a paradoxical effect of estrogen replace
ment on both GH and IGF-1; this depends on the 
route of administration of estrogen (oral or trans-
dermal). The oral route leads to an increase in 
hepatic synthesis of growth hormone binding 
proteins (first-­pass effect), which in turn bind GH 
avidly and somewhat attenuates its peripheral 
effects at the level of the liver (i.e. GH-induced 
IGF-1 production). This effect occurs despite an 
estrogen-mediated increase in pituitary GH pro-
duction. It has been postulated that oral estrogen 
is not a GH secretagogue and that GH levels 
increase due to the loss of negative feedback 
inhibition of  IGF-1 on somatotrophs  [66](see 
Figure  1.6. To further support this hypothesis, 
women on transdermal estrogen replacement 
therapy were shown to have GH requirements 
much lower than those on oral estrogens. Trans
dermal estrogen escapes the “hepatic first-­pass 
effect” and, as such, does not lead to clinically 
significant changes in GH-binding proteins [100]. 
It should be noted that women on chronic GH 
replacement therapy who inadvertently start 
oral estrogen replacement experience a decline 
in  IGF-1  levels (GH antagonizing effects of 
estrogen), which will require an up-titration in 
GH doses [101, 102].

What effect does pegvisomant have on 
glycemic control?

GHR antagonists improve insulin sensitivity at the 
level of the liver, skeletal muscle, and adipose 
tissue [103]. In a GH excess state like acromegaly, 
GH  promotes increased lipolysis in adipose tissue, 
which liberates free fatty acids (FFAs) (mediators 
of  peripheral insulin resistance). See Figure  1.10 
for the effects of GH on fat metabolism. There is a 
significant reduction in endogenous glucose 
output among patients with active acromegaly 
after a 4-week course of pegvisomant. Suppression 
of GH-induced lipolysis by pegvisomant reduces 
FFAs, and consequently improves peripheral 
insulin resistance [104].
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1.3.1.2  Mechanism of Action

DAs (cabergoline and bromocriptine), synthetic deriv-
atives of ergots, bind to D2 receptors on the surface of 
pituitary lactotroph tumors and induce dopamine-
mediated inhibition of prolactin synthesis and secre-
tion. DAs also exhibit “tumoricidal properties” by 
promoting programmed cell death of lactotroph tumors 
through complex intracellular pathways that involve 
estrogen and neuronal dopamine transporters [109].

1.3.1.3  Practice Guide

•	 Patients who do not experience a normalization 
of serum PRL or a 50% reduction in tumor size 
are classified as dopaminergic agonist resistant. 
However, no conventionally accepted dose or 
duration of exposure to DA is required to diag-
nose a patient as resistant to DA [110, 111].

•	 Predictors of an inadequate response to DAs 
include male gender, macroprolactinoma, 
tumor characteristics (cystic or hemorrhagic), 
prolonged latency to euprolactinemia, and high 
PRL at baseline [112].

•	 For women in the reproductive age group 
planning a pregnancy, the use of bromocriptine 
is a safer therapeutic option compared to caber-
goline. This is due to the availability of more 
safety data for the former compared to the 
latter [113].

•	 Side effects of DA include nausea, vomiting, 
headaches, postural hypotension, psychotropic 
side effects (hallucinations, psychosis), and nasal 
congestion [114, 115]. The dictum “start low and 
go slow” helps mitigate the side effects of DA. 

FIGURE 1.8 Schematic representation of the hypothalamic–pituitary-mammary axis. PRF is a putative (unconfirmed) hormone 
involved in the stimulation of PRL release by lactotrophs in the anterior pituitary gland. Hypothalamic dopamine affects prolactin 
release by binding and activating D2 receptors present on lactotrophs. Stimulatory and inhibitory factors involved in the regulation 
of PRL release are represented by + and – signs. Extramammary tissues include gonadal steroidogenesis, skeletal growth, and 
glucose metabolism, to mention a few.

TABLE 1.5 Regulators of prolactin secretion.

Inhibition of 
prolactin secretion

Stimulation of 
prolactin secretion

Dopamine TRH

Somatostatin VIP

GABA Oxytocin

Glucocorticoids Vasopressin

VIP, vasoactive intestinal peptide; GABA, gamma-aminobutyric  
acid.
Source: Adapted from Saleem et al. [106].
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Cabergoline has a longer half-life, a higher 
affinity for D2R, and a relatively tolerable side-
effect profile compared to bromocriptine [116].

•	 It is reasonable to screen for psychiatric disor-
ders before initiating DAs. Compulsive gambling 
has been associated with cabergoline use; it is  
therefore important to alert patients of this 
potential side effect [117].

In this meta-analysis, evaluating long-term remis-
sion rates after a dopaminergic holiday or transsphe-
noidal surgery, patients were grouped into medical 
(n = 3564) and surgical (n = 1836) arms. The primary 
outcome was defined as long-term (≥1 year) remission 
(in other words, maintenance of normal serum pro-
lactin) after either the withdrawal of medical therapy 
or post-transsphenoidal surgery. The primary outcome 
after the dopaminergic holiday was 34% (95% CI, 
26–46) and 67% (CI, 60–74) after transsphenoidal 
surgery [118].

1.3.2  Temozolomide

1.3.2.1  Physiology

Cellular Protective Mechanisms Against  
Mutagens
Endogenous and exogenous factors can promote DNA 
damage and inadvertently trigger a cascade of events 
that lead to the formation of tumors. Cells in normal 
physiology maintain their integrity through a variety 
of protective pathways such as mismatch repair, nucle-
otide excision repair, and methylguanine-DNA meth-
yltransferase (MGMT) enzymatic processes [119].

1.3.2.2  Mechanism of Action

Temozolomide (TMZ) is an alkylating chemothera-
peutic agent that promotes the methylation of specific 
residues of guanine (position O-6) and purine (positions 
N3 and N7) in DNA. This introduces breaks in the 
DNA of rapidly growing cells, such as lactotrophic 
tumors, leading to their apoptosis (programmed cell 
death) [120]. A schematic representation of the mech-
anism of action of temozolomide is shown in Figure 1.9.

1.3.2.3  Practice Guide

•	 An evaluation of MGMT promoter methylation 
status is a useful predictive biomarker  [121] in 
patients with aggressive prolactinomas or carci-
nomas  [122]. There is an inverse relationship 
between tumor levels of MGMT and the degree of 
responsiveness to TMZ [122]. However, MGMT 
as a biomarker is a novel approach to predict 
TMZ response in patients with prolactinomas. 
Therapeutic response after a minimum of 3 cycles 
of treatment performed better than tumor levels 
of MGMT in a large cohort of patients with 
pituitary tumors (including prolactinomas) [123].

Clinical Pearl
It has been speculated that Mary Tudor, Queen 
Mary I of England, may have had an undiagnosed 
prolactinoma based on historical accounts. She 
experienced a myriad of symptoms, including 
amenorrhea (from 19 years), headaches, impaired 
vision, phantom pregnancy, and galactorrhea for 
most of her adult life [105].

Prolactin-secreting tumors are the most 
common hormone-secreting tumors in the pituitary 
gland  [106], with a reported prevalence of 50 per 
100,000  [107]. Medical therapy using primarily 
dopaminergic agonists is the mainstay of treatment. 
Surgery is reserved for patients with medication 
resistance or intolerance [108].

Clinical Trial Evidence

There was a paradigm shift from surgery to DAs 
for  the treatment of prolactinomas in the 1970s 
due to the superior efficacy and safety of medical 
therapy compared to surgery. DAs are now widely 
recommended as a first-line treatment option for 
patients with prolactinomas. Due to advancements 
in transsphenoidal endoscopic procedures, surgery 
may be  a viable option for patients. This was 
explored in  a systematic review investigating sur-
gery as a viable alternative first-line treatment for 
prolactinoma [118].

Key Message
Dopaminergic agonists remain the first-line 
therapeutic option in most patients with prolactino-
mas. However, surgery is more likely to lead to 
long-term remission in patients regardless of tumor 
size (macroprolactinoma or microprolactinoma), 
based on the results of this large meta-analysis.
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•	 TMZ, a chemotherapeutic agent, is associated 
with expected short-term toxicity concerns, 
such as nausea, emesis, and fatigue  [124]. 
Cytopenias (hematologic toxicity), which 
require a dose reduction or discontinuation of 
therapy, are infrequent  [123, 124]. Safety data 
after 5–8 years of exposure to TMZ are very reas-
suring, making it a valuable long-term salvage 
therapeutic option [125].

This was a meta-analysis of case series and reports 
that evaluated the tumor response to TMZ in 42 sub-
jects with prolactin-secreting adenoma or carcinoma. 
Patients with resistance to dopaminergic agonist 
therapy received oral TMZ dose as 150–200 mg/m2 in 
1–24 therapeutic cycles. The primary outcome was 
defined as a change in tumor size and hyperprolac-
tinemia improvement. Compared to baseline, a 
significant reduction in tumor size and prolactin 
levels occurred in 76.5% and 75% of patients, 
respectively [124].

FIGURE 1.9 Schematic representation of the mechanism of action of temozolomide. TMZ promotes the methylation of 
guanine(G) at the number 6 carbon position, a step that leads to the formation of methylguanine residues in DNA. There is a 
“suicide enzyme” called methylguanine-DNA methyltransferase (MGMT), whose primary function is to remove these abnormal 
methyl groups, thus restoring the integrity of guanine residues in DNA (Step A). This defective methylated guanine pairs with 
thymine (T) instead of cytosine (C) (by convention) during replication. Mismatch repair enzymes excise these mispaired 
guanine-thymine residues, although this is ultimately a futile exercise. Continuous cycles of erroneous G and T pairing and T 
excisions lead to irreparable DNA breaks that promote cell death (Step B) [120]. Source: Adapted from ref. [120].

Clinical Trial Evidence

There are no published randomized trials evalu-
ating the safety and efficacy of TMZ compared to 
placebo. A recent systematic review of all published 
case reports and case series provided valuable 
information on the response of dopaminergic 
agonist-resistant prolactinomas to TMZ [124].

Key Message
Temozolomide has a favorable side-effect profile 
and is a reasonable rescue therapeutic option in 
patients who have exhibited a suboptimal response 
to DAs, radiation therapy, or surgery. Approximately 
75% of patients with treatment-resistant prolactino-
mas achieved a reduction in tumor volume and 
serum prolactin levels after a temozolomide trial.

Concepts to Ponder Over

How does primary hypothyroidism contribute 
to hyperprolactinemia?

Undiagnosed primary hypothyroidism can present 
with significant hyperprolactinemia and pituitary 
gland enlargement  [126, 127]. Patients with pri-
mary hypothyroidism have an upregulation of 
both TRH and TSH synthesis in the hypothalamus 
and pituitary gland, respectively  [128]. TRH, a 
prolactin secretagogue, promotes hyperprolac-
tinemia  [105](see Figure  1.8). Anterior pituitary 
thyrotrope hyperplasia under the influence of TRH 
leads to the formation of a thyrotrope pseudotumor 
(diffuse enlargement of the pituitary gland). 
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1.4  ADULT GROWTH HORMONE 
INSUFFICIENCY

1.4.1  Growth Hormone

1.4.1.1  Physiology

Anabolic Effects of Growth Hormone
Basic growth hormone physiology was reviewed ear-
lier in Section 1.2.1. GH exerts its anabolic effects in 
skeletal tissue, muscle, and adipose tissues [133]. The 
anabolic effects of growth hormone in various tissues 
are shown in Table 1.6.

Adipocyte and Growth Hormone Physiology
There are four variants of adipocytes: brown, white, 
pink, and beige. This classification system is based on 
their location and physiological role. In this section, 
we review the physiology of white adipocytes and the 
importance of growth hormone in fat storage and 
mobilization. A detailed description of the physiology 
is covered in Chapter 7.

White adipose tissue (WAT) is primarily involved 
in the storage and mobilization of fatty acids. 
Two  enzyme systems, lipoprotein lipase (LPL) and 
hormone-sensitive lipase (HSL), play essential roles in 
these energy-status-dependent tasks (Figure 1.10).

The Growth Plate and Growth Hormone 
Physiology
The growth plate (physis) is an anatomically distinct 
region composed of cartilage with three critical 
physiological zones in longitudinal bone growth 
(hypertrophic, proliferative, and resting zones) [138]. 
Growth hormone promotes the proliferation of 
chondrocytes in the resting zone. IGF-1, produced by 
local chondrocytes under trophic stimulation from 
GH (see Table 1.4), promotes the expansion of chon-
drocytes in all three zones of the growth plate 
(Figure 1.11) [138, 139].

An  inadvertent “stalk effect” due to impingement 
of the sellar mass on the pituitary stalk disrupts the 
dopaminergic tracts, leading to impaired tonic inhi-
bition of lactotrophs by dopamine.

Is there a role for SSAs in the treatment of 
prolactinomas?

Dopaminergic agonist-resistant prolactinomas are 
usually treated with surgical debulking, radiation 
therapy, or temozolomide  [129]. As you may 
recall, somatostatin inhibits prolactin release (see 
Figure  1.8  [106]. Prolactinomas co-express SSR1 
and SSR5 predominantly. The low expression of 
SSR2 receptors by prolactinomas is responsible 
for  their suboptimal response to octreotide. 
Pasireotide, being a multireceptor SSA, has an 
affinity for both SSR1 and SSR5 receptors, making 
it a viable option in the management of prolacti-
nomas (see  Section 1.1.1) [130]. There are reports 
of prolactinomas that have responded to pasireo-
tide [129, 131, 132].

TABLE 1.6 Anabolic effects of growth hormone.

Tissue Effects

Skeletal tissue 1.	 Synthesis of type 1 collagen
2.	 IGF-1-mediated linear growth 

(stimulation of chondroblasts)

Adipose tissue 1.	 Promotes lipolysis by 
potentiating the effects on 
hormone-sensitive lipase 
(see Figure 1.10)

2.	 Glucose uptake

Skeletal muscle Protein synthesis and muscle 
growth

Source: Adapted from Root and Root [133].

Clinical Pearl
Harvey Cushing was able to associate skeletal 
undergrowth with a putative growth factor from the 
anterior pituitary gland. His observations were 
recorded in his paper, The pituitary body and its 
disorders, in 1912. “Doubtless as many cases of 
infantilism are due to a primary hypophyseal as to a 
primary thyroid insufficiency … this is particularly 
true for cretinoid states  – may actually be due to 
defective hypophyseal activity” [133]. It was not until 
the 1950s that growth hormone or somatotrophin 
was eventually extracted from the anterior 
pituitary gland. Purified growth hormone was ini-
tially utilized in treating short stature in pediatric 
patients  [134]. Although the use of growth hor-
mone in adults took several decades, its utility in a 
hypopituitary adult was first demonstrated by 
Raben in 1962 [135]. Adult growth hormone defi-
ciency may present with isolated growth hormone 
deficiency or coexist with other pituitary hormone 
insufficiencies [102, 136].
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FIGURE 1.10 The regulation of fat storage and mobilization by growth hormone. Fat storage occurs in the prandial period, 
a process that involves the hydrolysis of triglycerides (TAG) in triglyceride-laden lipoproteins into free fatty acids (FFAs). 
LPL-induced storage of FFA is facilitated by insulin [134] and inhibited by growth hormone [135]. Also, glucose transporter 4 
(GLUT4) transfers glucose from circulation to WAT after a meal. The conversion of glucose to FFA is also facilitated by 
insulin [136]. Ultimately, FFAs are esterified into TAGs. During periods of energy deficit, hormone-sensitive lipase (HSL) mediates 
the conversion of TAG repositories to FFA and glycerol. These, in turn, become substrates for gluconeogenesis. Growth hormone 
facilitates HSL-induced lipolysis of TAG into FFAs and glycerol [137]. On the contrary, insulin inhibits this fat mobilization step. 
+ = shows stimulatory factors, − = shows inhibitory factors. Source: Adapted from ref. [134].

FIGURE 1.11 The configuration of the three physiologic zones of the human growth plate. Growth plates are present at the ends 
of tubular bones. There is a sequential arrangement of the hypertrophic, proliferative, and resting zones from the epiphyseal to the 
metaphyseal ends of the bone [138]. Source: Adapted from ref. [138].
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1.4.1.2  Mechanism of Action

Recombinant human GH (rhGH) with an amino acid 
sequence similar to endogenous 22-kDa (KDa) growth 
hormone [140, 141] binds to the GH receptor and pro-
motes the downstream effects of endogenous GH [142].

1.4.1.3  Practice Guide

•	 Common side effects of GH replacement in 
adults include myalgia, arthralgia, peripheral 
edema, and carpal tunnel syndrome. The de-
escalation of the dose of GH improves and, in 
some cases, leads to the amelioration of these 
symptoms  [143]. In children on GH therapy, 
prepubertal breast development, slipped capital 
femoral epiphysis, and benign intracranial 
hypertension can occur [144].

•	 The beneficial effects of growth hormone therapy 
in patients with AGHD include improving lipid 
profiles, diastolic blood pressure, insulin sensi-
tivity, and lean body mass to fat body mass 
ratio [145].

In this randomized controlled trial, 43 hypopitu-
itary subjects with AGHD were randomized to either 
placebo or rhGH. The primary outcome included var-
ious surrogate cardiovascular endpoints, including 
visceral adiposity, insulin resistance, C-reactive pro-
tein (CRP), total cholesterol, and high-density lipo-
protein. There was a reduction in high-sensitivity CRP 
of 38.2 vs. 18.2 (p-value = 0.03), comparing GH with 
placebo. There was a statistically significant increase 
in IGF-1  when comparing GH with placebo. Other 
demonstrable benefits of GH replacement included a 

decrease in total cholesterol and an increase in high-
density lipoprotein [147].

Clinical Trial Evidence

Few large, high-quality, placebo-controlled rando
mized clinical trials (RCTs) evaluate the safety 
and efficacy of growth hormone replacement 
therapy [146].

Key Message
Although GH replacement improves objective 
cardiovascular risk factors, clinical trials have yet to 
demonstrate a clinically significant reduction in 
cardiovascular events [146].

Concepts to Ponder Over

Does GH replacement increase the risk of 
cancer?

A large cohort of nearly 24,000 patients treated with 
recombinant human GH during their pediatric years 
was followed up for an average of 14.8 years per 
patient. For patients with pediatric growth failure 
and no known malignancy at baseline, there was no 
apparent increased risk of most malignancies except 
for bone and bladder cancers. The incidence rates for 
bone and bladder cancers were 2.8 (95% confidence 
intervals 1.1–7.5) and 16.3 (95% confidence intervals 
5.2–50.4), respectively. The risk of these new-onset 
malignancies was not dependent on the cumulative 
doses of rhGH. However, an increased signal for 
recurrent primary cancers was observed in patients 
who received GH therapy in the setting of previously 
treated malignancies [148].

What are the effects of growth hormone on 
glycemic control?

GH, a counterregulatory hormone, is expected to 
cause hyperglycemia in normal physiology [149]. In a 
long-term observational study, including more than 
5000 patients deficient in growth hormone on GH 
replacement, the incidence of diabetes was 2.6 per 
100 patient-years. The risk was significantly higher 
among older subjects with a high body mass index, 
triglyceride levels, waist circumference, or blood 
pressure [150]. Refer to Table 1.7 for a summary of the 
effects of growth hormone on glucose metabolism.

TABLE 1.7 Glycemic effects of growth hormone.

Mechanism Glycemic effects

Inhibition of GLUT4 
expression by adipose 
tissue

Reduced peripheral 
uptake of glucose by 
adipose tissue

Growth hormone-
mediated upregulation of 
hormone-sensitive lipase 
activity in adipose tissue.a

Liberation of free fatty 
acids leads to insulin 
resistance (impairs 
post-receptor insulin 
signaling)

(continued)
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1.5  CENTRAL DIABETES INSIPIDUS

1.5.1  Desmopressin

1.5.1.1  Physiology

Antidiuretic Hormone and Regulation 
of Serum Osmolarity
AVP is synthesized in the nuclei of paired hypothal-
amohypophyseal neurons originating from supraoptic 
and paraventricular nuclei of the hypothalamus and 
terminating in the posterior pituitary gland  [151]. 
Neurosecretory granules containing AVP are transported 
along axons that terminate in fenestrated capillaries 
in the neurohypophysis (posterior pituitary)  [152]. 
The osmolarity sensing center (osmostat), located in the 
hypothalamus, regulates the release of AVP through 
relay neurons that project into the cell bodies of the 
supraoptic and paraventricular nuclei [153].

There is a linear relationship between plasma 
osmolarity and plasma AVP levels such that significant 
increases in plasma osmolarity cause a corresponding 
increase in plasma AVP [154]. In the context of dehy-
dration, AVP, also known as antidiuretic hormone 
(ADH), increases water conservation at the level of the 

collecting duct, a process that increases urine osmo-
larity and leads to the restoration of normal plasma 
osmolarity [155] (see Figure 1.12).

1.5.1.2  Mechanism of Action

Desmopressin (1-deamino-8-D-arginine vasopressin, 
DDAVP) is an analog of AVP [158] with a prolonged 
plasma half-life of approximately 55 minutes 
(compared to endogenous AVP which has a half-life of 
5–10 minutes) [159].

It is worth noting that substituting D-arginine for 
L-arginine at position 8 of the AVP amino acid chain 
eliminates the vasopressor effects of this synthetic 
analog of AVP  [160]. Desmopressin promotes water 
conservation by binding to V2 receptors in the renal 
collecting ducts  [158]. (See Figure  1.12). During 
periods of significant dehydration, the central thirst 
mechanism allows free water consumption, which 
results in the restoration of intravascular volume and 
osmolarity [155, 163].

1.5.1.3  Practice Guide

•	 Desmopressin can be administered safely 
through various routes (including intravenous, 
subcutaneous, oral, intranasal, and intramuscular). 
A simple rule of thumb is to use a conversion factor 
of 1 : 10 when converting between administration 
routes of administration [158].

Mechanism Glycemic effects

Promotion of 
gluconeogenesis in the 
liver and kidneys

Hyperglycemia in the 
fasting state

Growth hormone-
mediated upregulation of 
lipoprotein lipase in 
skeletal muscle promotes 
the accumulation of FFAs 
in skeletal muscle.‡

Insulin resistance

GH leads to the formation 
of IGF-1. IGF-1 can bind 
peripheral insulin receptors 
and simulate the effects of 
endogenous insulin-to-
insulin receptor interaction

Hypoglycemia

a Also see Figure 1.11 for the effects of GH on fat storage and 
mobilization.
Esterification of FFAs into triacylglycerides leads to the 
formation of intermediate products such as diacylglycerol 
(impairs post-receptor insulin signaling).
Source: Adapted from Kim and Park [149].

TABLE 1.7 (Continued)

Clinical Pearl
Diabetes insipidus, “tasteless urine,” was distin-
guished from diabetes mellitus in 1674 by Thomas 
Willis, an English physician. Edward Schafer, a 
renowned physiologist, discovered the effects of a 
posterior pituitary extract on urine output in 1901. 
Paradoxically, the posterior pituitary extract 
increased urine output according to Schafer’s experi-
ments, although this challenged observations of the 
antidiuretic effects of the posterior pituitary extract 
on urine output in patients with diabetes insipidus.

Ernest Verney and Ernest H. Starling, in the 
1920s, were finally able to demonstrate that pitui-
trin (posterior pituitary extract) had an antidiuretic 
effect (and not a diuretic effect as previously re-
ported by Schafer) on the kidneys independent of 
its effects on blood pressure.
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•	 Coadministration of NSAIDs and desmopressin 
can lead to life-threatening hyponatremia [164]. 
In normal physiology, prostaglandin E2 (PgE2) 
impairs the liberation of AQP2 from their endo-
cytic vesicles after AVP to V2 receptor interaction. 
Cyclooxygenase inhibitors impair the synthesis 
of PgE2, thus increasing the availability of AQP2 
(water intoxication) [165].

•	 Consider an intermittent “DDAVP holiday” to 
reduce the likely risk of hyponatremia. Patients 
can be advised to delay the administration of a 
scheduled dose of DDAVP once a week until 
2  or 3 successive episodes of breakthrough 
polyuria [166].

•	 Gastrointestinal peptidases denature oral desmo-
pressin; as such, patients should be advised of the 
importance of taking this medication on an empty 
stomach or at least 90 minutes after a meal [167].

•	 Pituitary adenomas rarely present with central 
diabetes insipidus (CDI). Therefore, CDI in the 
setting of a sellar mass is more suggestive of an 
alternative differential diagnosis, such as cranio-
pharyngiomas or a granulomatous process [166].

FIGURE 1.12 Schematic representation of AVP-mediated water conservation in the principal cell of the renal collecting duct. 
AVP binds to G-protein coupled V2 receptors on the principal cell’s basolateral membrane (BM) [156]. This initiates a cascade of 
intracellular processes that involve adenylyl cyclase-mediated cyclic adenosine monophosphate (cAMP) production and 
subsequent protein kinase A (PKA) activation. Afterward, PKA will promote the release of aquaporins from endocytic vesicles. 
Aquaporin-2 (AQP2) released from vesicles inserts into the collecting duct apical membrane (AM). This promotes the 
translocation of free water from the collecting duct into the cytoplasm of the principal cell [157]. Aquaporin-3 (AQP3) and 
aquaporin-4 (AQP4) water channels, which are integral components (i.e. they are not released from endocytic vesicles) of the BM, 
facilitate the final transfer of water from the cytoplasm to the peritubular capillaries [155].

Desmopressin Conversion Via the Route 
of Administration
Intravenous/Subcutaneous: Intranasal: Oral = 1 mcg:  
10 mcg: 100 mcg

Clinical Trial Evidence

In this retrospective study, the incidence of hypo-
natremia in patients with CDI was evaluated between 
the intranasal and oral desmopressin routes of 
administration. Thirty-two subjects who had previously 
been well-controlled with stable doses of intranasal 
DDAVP were switched to an oral route of administration 
for a maximum duration of 18 months [168].
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1.5.2  Water

1.5.2.1  Physiology

Osmotic Center and the Regulation 
of Sodium Balance
The previously described osmotic center (also known as 
the osmostat, see Section 1.5.1) is composed of two dis-
crete structures known as the organum vasculosum of 
the lamina terminalis (OVLT) and the subfornical organ 
(SFO). These structures have projecting from them neu-
rons that supply parts of the forebrain involved in the 
executive response to thirst, the hypothalamus (SON 
and PVN), and the sympathetic nervous system [171]. 
OVLT and SFO are activated by elevated serum osmo-
larity and angiotensin II levels. The response to the 
activation of OVLT and SFO includes increased thirst 
sensation, AVP release, and a sympathoadrenergic 
increase in blood pressure [172, 173].

1.5.2.2  Mechanism of Action

The role of free water in maintaining hydration status 
has been discussed. See Figure 1.12.

1.5.2.3  Practice Guide

•	 Access to free water is essential in the 
management of CDI. Indeed, in mild diabetes 
insipidus, optimal water ingestion (as mono-
therapy) could be enough to maintain sodium 
and water balance [174].

•	 Patients with adipsic CDI have all the features 
of CDI but are unable to sense thirst. It is a com-
plex disease to manage due to marked vari-
ability in serum sodium and apparent challenges 
in maintaining oral hydration [175]

1.5.3  Natriuretic Agents

1.5.3.1  Physiology

Physiology of Diuresis in the Distal Convoluted 
Tubule (DCT)
The sodium-chloride symporter (secondary active 
transport system) and the electrochemical gradient 
created by the sodium-potassium adenosine triphos-
phatase (Na-K ATPase) (primary active transport 
system) are both essential for sodium reabsorption in 
the DCT. However, the DCT is impermeable to water, 
making urine in this segment hypotonic [177].

Clinical Trial Evidence

In a long-term retrospective study of 137 CDI-
positive subjects at maintenance doses of DDAVP, 
the risk of sodium imbalance was compared bet-
ween those with adipsia (impaired thirst sensation) 
and those with an intact thirst sensation. The risk 
of hypernatremia between the adipsic and non-
adipic groups was 20% and 1.4%, respectively (P-
value  =  0.02). The risk of hyponatremia between 
the adipsic and non-adipic groups was 50% and 
11.1%, respectively (p-value = 0.02%) [176].

Key Message
Adipsia increases the risk of a significant sodium 
imbalance in patients with CDI. Since these patients 
do not have the ability to respond to increased 
serum osmolarity, they are prone to profound dehy-
dration in the setting of polyuria [176].

Key Message
Based on the results of this study, the frequency of 
significant hyponatremia (<130 mmol/L) was 4.2% 
when subjects were on intranasal desmopressin, 
compared to 1.3% when on oral desmopressin. This 
was statistically significant. Normal water and 
sodium balance are better achieved with oral DDAVP 
compared to intranasally administered DDAVP [168].

Pathophysiology Pearl
Conditions masquerading as diabetes insipidus

•	 Gestational diabetes insipidus occurs in 
pregnant women due to the degradation of 
endogenous AVP by a placenta-derived 
enzyme called vasopressinase. The clinical 
and biochemical characteristics are similar 
to those of CDI [169].

•	 Primary polydipsia (chronic) results in 
decreased renal concentrating ability due to 
excessive fluid ingestion. In effect, an abun-
dance of free water promotes the downregu-
lation of aquaporins (“wash-out effect”) [170].
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1.5.3.2  Mechanism of Action

Thiazide diuretics exert their natriuretic effects by 
inhibiting thiazide-sensitive Na+-Cl− symporters in 
the distal convoluted tubules of the nephron. The 
net effect will be the wasting of both sodium and 
water at the distal nephron (see Figure  1.13). 
Mechanistically this seems counterintuitive since 
patients with CDI are polyuric at baseline [178, 180]. 
See Figure 1.14 for a proposed mechanistic pathway 
that explains the role of natriuretic agents in the 
management of CDI.

1.5.3.3  Practice Guide

•	 Thiazide diuretics, either as monotherapy or 
dual therapy with amiloride (potassium-
sparing diuretic) or indomethacin, are reason-
able therapeutic approaches in diabetes 
insipidus [181].

•	 A low-salt diet potentiates the paradoxical 
“antidiuretic effect” of thiazide diuretics [167].

Clinical Pearl
Gitelman syndrome is an inherited form of hypo-
kalemic alkalosis that occurs as a result of a muta-
tion in the gene encoding the sodium chloride 
symporter. This syndrome simulates exposure to a 
thiazide diuretic agent [182].

FIGURE 1.13 Mechanism of action of thiazide diuretics in the DCT. The sodium-potassium pump (Na-K ATPase) present on the 
basolateral membrane of the DCT creates an electrochemical gradient that facilitates the transport of sodium and chloride ions 
(Cl−) by the sodium-chloride symporter (luminal or apical membrane) [161]. Chloride ions move from the lumen into the ductal 
cell against an electrochemical gradient. Cl− is then ferried from the ductal cell into the peritubular capillaries by chloride 
channels in the basolateral membrane. Potassium ions (K+) are also transported from the ductal cell to peritubular capillaries via 
dedicated K+ channels. Aldosterone, produced as a consequence of activation of the renin-angiotensin-aldosterone system 
(RAAS), increases the transcription and translation of the sodium-chloride symporter [162]. Source: Adapted from ref. [161].

Clinical Trial Evidence

There are no published RCTs on the use of thiazide 
diuretics in CDI. Some pediatric case reports and ret-
rospective studies exploring the use of thiazide 
diuretics in CDI gave promising results in terms of 
treatment efficacy (achievement of eunatremia and 
control of polyuria) [178, 183, 184]. Most importantly, 
the use of diuretics is not recommended in  the 
management of CDI. However, diuretic therapy is 
indicated in treating nephrogenic diabetes insipidus.
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1.5.4  Clofibrate, Chlorpropamide, 
and Carbamazepine

1.5.4.1  Physiology

The physiology of central ADH regulation and its 
peripheral effects is reviewed in Section 1.5.1.

1.5.4.2  Mechanism of Action

Clofibrate: Clofibrate, an antilipidemic agent, has 
antidiuretic properties. It exerts its antidiuretic 
effects by increasing ADH release from the neuro-
hypophysis [185]. This drug was withdrawn from 
the market in 2002 and is mentioned here due to 
its historical significance [167].
Chlorpropamide: Chlorpropamide, a first-
generation sulfonylurea, increases release of ADH 
and also promotes the antidiuretic effects of ADH 
at the renal collecting duct  [185]. Alternative 
mechanisms of action include an increase in the 

circulating half-life of AVP and a lower osmotic 
threshold for the release of endogenous AVP [186].
Carbamazepine: Carbamazepine, an antiepileptic 
agent, potentiates ADH effects at the renal collect-
ing duct [187].

1.5.4.3  Practice Guide

None of these agents are recommended as an 
alternative to DDAVP in the management of CDI.

FIGURE 1.14 Schematic representation of the role of thiazide diuretics in central diabetes insipidus. Thiazide diuretics promote 
sodium wasting in the distal renal tubule. The high sodium load in the renal tubular fluid also increases water loss (osmotic effect). 
A reduction in extracellular fluid volume causes a decrease in the estimated glomerular filtration rate, ultimately activating the 
RAAS. Increased levels of Angiotensin II promote a compensatory increase in sodium and water conservation at the proximal tubule 
(see Section 3.1.2). Consequently, less sodium and water are delivered to collecting tubules, leading to less renal water loss [178, 179].

Clinical Trial Evidence

There are no RCTs comparing any of these agents 
with guideline-recommended DDAVP. In a recent 
case report of a patient with CDI, oxcarbazepine 
(structurally homologous to carbamazepine) was 
proposed as an alternative to DDAVP [186].
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Concepts to Ponder Over

What is the triphasic response of diabetes 
insipidus?

The triphasic response of central diabetes insipidus 
represents a unique state of sodium imbalance char-
acterized by rapid changes in serum sodium and, 
consequently, intravascular volume among patients 
with pituitary stalk injury  [188]. Disruption of the 
stalk occurs commonly in the setting of neurosur-
gery [189] but has also been described in traumatic 
brain injury [190].

An initial phase of overt CDI occurs due to axo-
nal shock, and it presents with an impaired neuronal 
transfer of AVP from the hypothalamus to the posterior 
pituitary gland. The second phase is characterized by 
axonal death and the release of preformed AVP from 
their neuronal stores. This is similar to the syndrome 
of inappropriate ADH (SIADH) secretion. After an 
80–90% depletion of AVP stores, the final phase of 
permanent CDI occurs (see Figure 1.15) [191].

What are the causes of adipsic central diabetes 
insipidus?

Adipsic CDI manifests itself as an inability to per-
ceive thirst in the setting of AVP deficiency that 

results in hypotonic polyuria and hypernatre-
mia [192]. It occurs due to the disruption of vascular 
supply to the osmostat center (OVLT or SFO), infil-
trative tumors(craniopharyngioma), autoimmune 
disease, or congenital malformations of the corpus 
callosum [193].

Phase I: neuronal shock, which leads to transient 
diabetes insipidus  [191]. This phase lasts for about 
72 hours. The timely use of DDAVP or hypotonic 
fluids is reasonable [189].

Phase II: Neuronal death (distal to the site of 
stalk transection) and release of preformed AVP 
(from the neurohypophysis) leads to an SIADH-like 
picture  [191]. This phase may last up to 2 weeks. 
Careful fluid restriction is key [189].

Phase III: The depletion of neuronal stores 
of AVP in the paraventricular nucleus (PVN) and 
supraoptic nucleus (SON) leads to a recurrence 
of diabetes insipidus. This tends to be permanent, 
especially in the setting of complete pituitary stalk 
transection [191].

Source: Adapted from Redrawn and modified from Hoorn 
and Zietse [189].

FIGURE 1.15 The triphasic response of central diabetes insipidus. Source: Adapter from [181].
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1.6  SYNDROME OF INAPPROPRIATE 
ADH SECRETION

1.6.1  Vaptans

1.6.1.1  Physiology

The hypothalamic–pituitary-­renal axis with regards 
to the role of AVP in the conservation of renal water 
was reviewed in Section  1.5.1. AVP has various 
effects  in different tissues, depending on the AVP 
receptor subtype expressed in the target tissue 
(Table 1.8) [194, 195].

1.6.1.2  Mechanism of Action

Vaptans are V2 receptor antagonists that impair the 
binding of endogenous AVP to its cognate V2 recep-
tors. It is essential to appreciate that vaptans cause an 
“aquaresis” (i.e. loss of free water with the conservation 
of electrolytes) as opposed to the effects of diuretics, 
which promote both fluid and electrolyte losses. In 
SIADH, there is an excessive amount of free  water 
(relative to sodium) conservation due to the effects 
of ADH in the renal collecting tubule. This makes 
vaptans a more reasonable therapeutic option in 
SIADH, than monotherapy with conventional diuretic 
agents [194].

1.6.1.3  Practice Guide

Patients taking vaptans are at risk of dehydration 
due to polyuria and polydipsia [196].

Although this class of medications has an accept-
able safety profile, they should be started in the 
inpatient setting to avoid significant increases 
in serum sodium and the risk of osmotic demy-
elination syndrome [197].

1.6.2  Fluid Restriction

1.6.2.1  Physiology

The role of free water in the determination of serum 
osmolarity was discussed earlier (see Figure 1.13).

TABLE 1.8 Subtypes of AVP receptors and their 
physiologic effects.

AVP 
receptor

Tissue Effect(s)

V1a Vascular 
smooth muscle
Myocardium

Vasoconstriction and 
platelet function
Cardiac inotropic 
function

V1b Pituitary Pituitary ACTH secretion 
(see Figure 1.1)

V2 Renal 
collecting duct
Vascular 
endothelium

Water conservation 
(see Figure 1.13)
Release of vWF and 
factor VIII

vWF, von Willebrand factor.
Source: Adapted from Verbalis et al. [194].

Clinical Pearl
The syndrome of inappropriate antidiuretic hor-
mone (SIADH) secretion is the leading cause of 
hyponatremia in outpatient and inpatient settings. 
It is particularly relevant due to morbidity and 
mortality associated with untreated or poorly 
managed hyponatremia  [194]. Although eponyms 
are increasingly being replaced by labels that clarify 
the pathophysiological basis of diseases, the contri-
butions of pioneering physicians should be appre-
ciated. SIADH was previously called the 
Schwartz–Bartter syndrome. Bartter syndrome, a 
rare condition of electrolyte imbalance, is also 
named after Frederic Bartter [196].

Clinical Trial Evidence

Clinical trials evaluating the safety and efficacy of 
vaptans in the treatment of euvolemic hyponatre-
mia (SIADH) include SALT-1, SALT-2, and 
SALTWATER.

In the Study of Ascending Levels of Tolvaptan 
in Hyponatremia (SALT-1 and SALT-2), serum 
sodium increased significantly in the tolvaptan 
group compared to the placebo group (p-value 
of < 0.001) across a heterogeneous population of 
hyponatremic patients (euvolemic or hypervol-
emic hyponatremia) [198]. The Safety and sodium 
assessment of Long-­term Tolvaptan With hyponatre-
mia: A year-­long, open-­label Trial to gain Experience 
under Real-­world conditions (SALTWATER), an 
extension study of SALT-1 and SALT-2 demon-
strated the long-term safety and efficacy of tolvap-
tan in hyponatremia [196].
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1.6.2.2  Mechanism of Action

The mechanistic pathways for the sensation of thirst (see 
Section  1.5.2) and AVP-mediated regulation of serum 
osmolarity (see Section 1.5.1) have been discussed.

1.6.2.3  Practice Guide

•	 Fluid restriction performs abysmally in routine 
clinical practice, most likely due to the poor 
selection of patients for this therapeutic option 
among patients with SIADH [199].

Fürst equation
([ ] [ ]) / [ ]Urine sodium Urine Potassium Serum sodium
[] = concentration.

There are various adjunctive therapies utilized in 
the management of diabetes insipidus. Their mecha-
nisms of action are shown in Table 1.9.

There are other therapies reported for the 
management of SIADH. These include loop diuretics, 
urea, hypertonic saline, lithium, demeclocycline, and 
hemodialysis [207].

TABLE 1.9 Mechanism of action of adjunctive 
therapies in SIADH.

Therapy Mechanism of action

Loop diureticsa Diuresis (free water and electrolyte 
losses). Sodium chloride supplemen
tation is mandatory [200, 201]

Sodium 
chloridea

Sodium chloride is best administered 
with fluid restriction or a diuretic 
agent (“aquaretic effect”) [201]

Lithium Anti-natriuresis (renal sodium 
conservation) [202] and limitation of 
AQP-2 expression in the renal 
collecting ducts (nephrogenic diabetes 
insipidus-like presentation) [203].

Demeclocycline Nephrogenic diabetes insipidus [204]

Urea Osmotic diuresis and compensatory 
passive sodium conservation at the 
level of the ascending limb of the 
loop of Henle [205].

a In the EFFUSE-FLUID clinical trial, a combination of loop 
diuretics and sodium chloride with fluid restriction did not fare 
any better than fluid restriction alone.
Source: Adapted from refs. [200–205].

Clinical Trial Evidence

In this retrospective study of 29 patients with 
SIADH, the efficacy of fluid restriction (1.5–2 L), 
with or without adjunctive urea supplementation, 
in the management of SIADH was explored. 
Changes in serum sodium and urine osmolarity 
were compared at one year with baseline. The mean 
serum sodium concentration and urine osmolarity 
were 129 mEq/L and 274 mOsm/kgH2O, respec-
tively, at baseline. At the end of 12 months of 
fluid  restriction, serum sodium concentration 
and urine osmolarity improved to 138.5 mEq/L and 
505 mOsm/kgH2O, respectively. This occurred in 
30% of subjects. For patients who had a suboptimal 
response to fluid restriction alone, most attained 
eunatremia after the institution of urea supplemen-
tation (15–30 g daily) [206].

Poor Predictors of Response to Fluid 
Restriction
Urine osmolarity >500 mOsm/kg/H2O
Urine output of less than 1500 mL per 24 hours
An estimated “Fürst equation” ratio of >1

Key Message
Moderate fluid restriction (1.5–2 L) per day led to 
eunatremia in 30% of patients with chronic SIADH, 
according to the results of this retrospective study.

Concepts to Ponder On

What are the diagnostic criteria for SIADH?

The diagnosis of SIADH is based on the criteria pro-
posed by Bartter and Schwartz in 1967 [208].

The classic Bartter and Schwartz criteria

1.	 Plasma osmolarity <275 mOsm/kg of H2O
2.	 Inappropriately concentrated urine 

>100 mOsm/kg
3.	 Euvolemia
4.	 Urine sodium >20 mEq/L
5.	 Normal thyroid function, normal adrenal 

function, and no recent exposure to diu-
retic agents (effects on urine sodium).

Patients who meet ALL of the above criteria are 
more likely to have SIADH [194].
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PRACTICE-BASED QUESTIONS

1.	 A 50-year-old woman with a six-month history of 
easy bruisability, hyperglycemia, and resistant 
hypertension is admitted to the medicine service. 
The endocrinologist on call recommends initiating 
pasireotide. Which of the following receptors is the 
primary target of Pasireotide in Cushing’s disease?

a.	 Somatostatin receptor subtype 2 (SSR2)
b.	 Somatostatin receptor subtype 5 (SSR5)
c.	 Melanocortin-2 receptor (MCR-2)
d.	 Dopamine D2 receptor (D2R)

Correct answer: b) Somatostatin receptor subtype 5 
(SSR5). Pasireotide is a “near pan-somatostatin” 
receptor analog that binds to four of the five 
somatostatin receptor isoforms (SSR1, SSR2, 
SSR3, and SSR5). Due to its affinity for SSR5 
receptors, pasireotide is an ideal therapeutic 
option in Cushing’s disease. Corticotroph 
tumors in the anterior pituitary gland express 
more SSR5 receptors than the other somato-
statin receptor subtypes making pasireotide an 
ideal agent for this tumor.

2.	 Which of the following transcription factors is 
inhibited by Retinoic Acid (RA)?

a.	 Activator protein 1 (AP-1)
b.	 Nuclear receptor 77 (Nur77)
c.	 Chicken ovoalbumin upstream promoter tran-

scription factor 1 (COUP-TF1)
d.	 Both a and b

Correct answer: d) Both a and b. In normal physi-
ology, there are retinoid-sensitive intermediary 
mediators (transcription factors) of POMC pro-
moter gene activation, namely, AP-1 and Nur77. 
Retinoic acid (RA), by binding to its nuclear ret-
inoic acid receptors inhibits AP-1, and Nur77 
expression, thus preventing POMC promoter 
gene activation.

3.	 What percentage of corticotroph adenomas express 
D2 receptors?

a.	 10%
b.	 40%
c.	 60%
d.	 80%

Correct answer: d) 80%. Approximately 80% of cor-
ticotroph adenomas express D2 receptors, but 
they have a relatively low D2 receptor density 
making, dopaminergic agonists (DAs) a less 
favorable therapeutic option in Cushings dis-
ease, compared to other medical therapies.

4.	 Which of the following hormones is inhibited 
by  Pasireotide through yet-to-be-characterized 
intestinal somatostatin receptors?

a.	 Insulin
b.	 Glucagon-like peptide 1
c.	 Glucose-dependent insulinotropic peptide (GIP)
d.	 Both b and c

Correct answer: d) Both b and c. Pasireotide through 
yet-to-be-characterized intestinal somatostatin 
receptors inhibits the release of glucagon-like 
peptide 1(GLP-1) and glucose-dependent 
insulinotropic peptide (GIP) from K and L cells, 
respectively. Pasireotide causes hyperglycemia, 
gastrointestinal discomfort, and cholelithiasis.

5.	 A 50-year-old man with newly diagnosed Cushing’s 
syndrome is started on medical therapy. What is 
the  typical dose range for Pasireotide immediate-
release as a subcutaneous injection?

a.	 0.1 to 0.5 mg
b.	 0.3 to 0.9 mg
c.	 1 to 3 mg
d.	 5–10 mg

Correct answer: b) 0.3–0.9 mg. The typical dose 
range for pasireotide immediate-release is 
0.3–0.9 mg (300–900 mcg) as a subcutaneous 
injection (thigh, upper arm, or abdomen) twice 

What conditions can mask the presence of 
partial central diabetes insipidus?

The coexistence of a paraneoplastic condition man-
ifesting as SIADH may mask the presence of central 
diabetes insipidus [209].

Partial central diabetes insipidus can also be 
masked in the presence of glucocorticoid defi-
ciency. It should be noted that glucocorticoids 
inhibit V2R-mediated water conservation in the col-
lecting duct by impairing the translocation of V2R 
to the apical membrane of the collecting duct cell. 
Glucocorticoid deficiency, in part, promotes water 
reabsorption, thus masking the presence of partial 
central diabetes insipidus. Primary glucocorticoid 
deficiency leads to increased CRH production (AVP 
secretagogue) due to loss of negative feedback inhi-
bition of hypothalamic centers by cortisol [209].
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a day. A long-acting release (LAR) formulation 
is administered once a month (10–30 mg) intra-
muscularly as a depot injection.

6.	 Which of the following steroidogenesis inhibitors 
has been recently approved for persistent and recur-
rent Cushing’s disease?

a.	 Metyrapone
b.	 Mitotane
c.	 Ketoconazole
d.	 Osilodrostat

Correct Answer: d) Osilodrostat. Osilodrostat 
inhibits 11-beta hydroxylase activity in the 
adrenal cortex, and it has been recently approved 
for persistent and recurrent Cushing’s disease.

7.	 Which of the following steroidogenesis inhibitors 
used in the treatment of Cushings syndrome has 
been suggested to have both adrenolytic and adre-
nostatic properties?

a.	 Metyrapone
b.	 Mitotane
c.	 Ketoconazole
d.	 Osilodrostat

Correct answer: b) Mitotane. Mitotane is suggested 
to have both adrenolytic and adrenostatic prop-
erties. Mitotane is a chemotherapeutic agent 
with a diphenylmethane moiety that causes 
mitochondrial dysfunction, lysis, and necrosis.

8.	 A 28-year-old woman presents with oligomenor-
rhea and is diagnosed with Cushing’s syndrome. 
Her urine pregnancy test returned negative. Which 
of the following steroidogenesis inhibitors is the 
recommended first-line medical therapy for non-
pregnant adults with confirmed endogenous 
hypercortisolemia?

a.	 Metyrapone
b.	 Mitotane
c.	 Ketoconazole
d.	 Osilodrostat

Correct answer: c) Ketoconazole. Ketoconazole is 
the recommended first-line medical therapy for 
nonpregnant adults with confirmed endoge-
nous hypercortisolemia.

9.	 You are considering various treatment options for 
Cushing’s syndrome in a newly diagnosed patient. 
You are concerned about the risk of medical therapy 

on a fetus. Which of the following agents has both 
anti-glucocorticoid and anti-progesterone effects?

a.	 Metyrapone
b.	 Mitotane
c.	 Ketoconazole
d.	 Mifepristone

Correct answer: d) Mifepristone. Mifepristone has 
both anti-glucocorticoid and anti-progesterone 
effects. It actually exerts its effects by binding 
to the ligand-binding domain of the cytosolic 
glucocorticoid receptor without directly pro-
moting its downstream effects.

10.	 An endocrinologist on call evaluates a newly diag-
nosed patient with a small 4 mm pituitary ade-
noma. He makes a diagnosis of Cushing’s disease. 
What is the recommended first-line treatment for 
Cushing’s disease?

a.	 Ketoconazole
b.	 Metyrapone
c.	 Mitotane
d.	 Transsphenoidal surgery

Correct answer: d) Transsphenoidal surgery. 
Transsphenoidal surgery is the recommended 
first-line treatment for Cushing’s disease. 
However, a high recurrence rate of about 20% 
makes medical therapies an essential adjunc-
tive approach.

11.	 A 54-year-old man with poor libido, excessive dia-
phoresis, and wide spaced teeth is noted to have 
elevated growth hormone levels after an oral 
glucose tolerance test. His IGF-1  level remains 
elevated on two occasions. You are considering 
the use of somatostatin analogs in his treatment. 
What is the role of somatostatin in growth hor-
mone regulation?

a.	 Promotes the release of growth hormone from 
somatotrophs

b.	 Blocks the release of growth hormone from 
somatotrophs

c.	 Enhances the sensitivity of the liver to 
growth hormone

d.	 Enhances the synthesis of insulin-like growth 
factor 1 in the liver

Correct answer: b. Blocks the release of growth 
hormone from somatotrophs. Somatostatin 
inhibits the release of GH by somatotrophs by 
acting on somatostatin receptors (primarily 
the SSR2 receptor subtype).
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12.	 Which of the following organs does not produce 
insulin-like growth factor 1 (IGF-1)?

a.	 Liver
b.	 Skeletal muscle
c.	 Adipose tissue
d.	 Brain

Correct answer: d. Brain. IGF-1 is produced in var-
ious tissues, including the liver, skeletal 
muscle, and adipose tissue, but not by the brain.

13.	 A 63-year-old woman is diagnosed with acro-
megaly. What is the mechanism of action of 
pegvisomant?

a.	 It activates the growth hormone receptor and 
induces IGF-1 production

b.	 It inhibits the growth hormone receptor and 
blocks IGF-1 production

c.	 It activates the somatostatin receptor and 
inhibits growth hormone production

d.	 It inhibits the somatostatin receptor and 
enhances growth hormone production

Correct answer: b. It inhibits the growth hormone 
receptor and blocks IGF-1 production. 
Pegvisomant occupies the GH receptor pocket, 
depriving the receptor of direct activation by 
GH. This subsequently induces defective 
dimerization of the receptor, thus preventing 
key signal transduction pathways (JAK–STAT 
signaling) and the eventual production of IGF-1.

14.	 A 38-year-old obese patient is diagnosed with a 
pituitary adenoma. You are considering the use of 
pasireotide. What is the hallmark side effect of 
pasireotide?

a.	 Hypoglycemia
b.	 Hyperglycemia
c.	 Diarrhea
d.	 Cholelithiasis

Correct answer: b. Hyperglycemia. Pasireotide is 
associated with a disproportionate risk of 
hyperglycemia, particularly in patients with 
diabetes or prediabetes, and should be 
screened for before and during treatment.

15.	 You are considering the use of dopaminergic 
modulators in the management of acromegaly. 
What is the differential effect of dopamine on 
growth hormone secretion in normal physiology?

a.	 It increases growth hormone secretion at the 
level of the anterior pituitary gland

b.	 It increases growth hormone secretion at the 
level of the hypothalamus

c.	 Growth hormone decreases growth hormone 
secretion at the level of the anterior 
pituitary gland

d.	 Growth hormone decreases growth hormone 
secretion at the level of the hypothalamus

Correct answer: c. It decreases growth hormone 
secretion at the level of the anterior pituitary 
gland. The effects of dopamine on GH secre-
tion are more profound at the level of the 
anterior pituitary gland than at the level of the 
hypothalamus. The net effect is a reduction in 
GH secretion.

16.	 A 56-year-old woman presents with polyuria. You 
have scheduled a formal water deprivation test. 
What is the relationship between plasma osmo-
larity and plasma AVP levels?

a.	 Plasma AVP levels are independent of plasma 
osmolarity

b.	 Significant decreases in plasma osmolarity 
cause a corresponding increase in plasma 
AVP levels

c.	 Significant increases in plasma osmolarity 
cause a corresponding decrease in plasma 
AVP levels

d.	 Plasma AVP levels are not affected by changes 
in plasma osmolarity

Correct answer: b. Significant increases in plasma 
osmolarity cause a corresponding increase in 
plasma AVP levels. This linear relationship 
between plasma osmolarity and plasma AVP 
levels ensures the proper regulation of water 
balance in the body, allowing for the 
conservation of water when necessary.

17.	 A patient with central diabetes insipidus reports a 
significant improvement in polyuria after starting 
desmopressin therapy. Which receptors are 
involved in the water-conserving properties of 
desmopressin?

a.	 V1 receptors
b.	 V2 receptors
c.	 Beta-1 receptors
d.	 Alpha-2 receptors
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Correct answer: b. Desmopressin binds to V2 
receptors on the basolateral membrane of the 
principal cell in the renal collecting duct. This 
initiates a cascade of intracellular processes 
that ultimately lead to the promotion of water 
conservation at the level of the collecting duct, 
resulting in the restoration of normal plasma 
osmolarity.

18.	 What is adipsic CDI?

a.	 A form of CDI in which patients are unable to 
sense thirst

b.	 A form of CDI in which the kidneys are unre-
sponsive to vasopressin

c.	 A form of CDI caused by a pituitary adenoma
d.	 A form of CDI caused by a genetic mutation

Correct answer: a. Adipsic CDI is a condition in 
which patients with CDI are unable to sense 
thirst. This makes management of the 
condition challenging, as patients may have 
difficulty maintaining oral hydration, leading 
to significant sodium imbalances.

19.	 What is the recommended timing of administration 
for oral desmopressin?

a.	 With food
b.	 On an empty stomach
c.	 With a high-fat meal
d.	 With a glass of water

Correct answer: b. Gastrointestinal peptidases 
denature oral Desmopressin, which can lead 
to reduced efficacy of the medication. Patients 
should be advised to take this medication 
either on an empty stomach or at least 90 min-
utes after a meal to ensure optimal absorption.

20.	 A 26-year-old woman presents with seizures after 
starting an antidepressant medication. What is 
the likely explanation for her presentations

a.	 Hypernatremia
b.	 Polyuria
c.	 Hyperkalemia
d.	 Hyponatremia

Correct answer: d. Syndrome of inappropriate 
antidiuretic hormone secretion (SIADH) is 
characterized by excessive release of ADH, 
which results in increased water reabsorption 
in the kidneys. A state of dilutional 

hyponatremia therefore results, a condition 
where there is a low concentration of sodium 
in the blood due to an excessive amount of 
water. The other options, hypernatremia, 
polyuria, and hyperkalemia, are not typically 
associated with SIADH.
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