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Abstract Cushing’s syndrome is caused by prolonged
exposure to elevated cortisol levels. The most common
form of endogenous Cushing’s syndrome is Cushing’s
disease, which results from an adrenocorticotropic hor-
mone-secreting pituitary tumour. Cushing’s disease 1is
associated with increased mortality, mostly attributable to
cardiovascular complications, and a host of comorbidities
such as metabolic and skeletal disorders, infections and
neuropsychiatric disturbances. As a consequence, Cush-
ing’s disease substantially impairs health-related quality of
life. It is crucial that the condition is diagnosed as early as
possible, and that rapid and effective treatment is initiated
in order to limit long-term morbidity and mortality. The
initial treatment of choice for Cushing’s disease is selective
transsphenoidal pituitary surgery; however, the risk of
recurrence after initial surgery is high and remains so for
many decades after surgery. A particular concern is the
growing body of evidence indicating that the negative
physical and psychosocial sequelae of chronic hypercorti-
solism may persist in patients with Cushing’s disease even
after long-term surgical ‘cure’. Current treatment options
for post-surgical patients with persistent or recurrent
Cushing’s disease include second surgery, radiotherapy,
bilateral adrenalectomy and medical therapy; however,
each approach has its limitations and there is an unmet
need for more efficacious treatments. The current review
provides an overview of the burden of illness of Cushing’s
disease, underscoring the need for prompt diagnosis and
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effective treatment, as well as highlighting the need for
better therapies.
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Introduction

Cushing’s syndrome is a rare, chronic and systemic disease
caused by endogenous or exogenous hypercortisolism. The
most common form of endogenous Cushing’s syndrome is
Cushing’s disease, which results from an adrenocorti-
cotropic hormone (ACTH)-secreting pituitary tumour; it is
responsible for 70 % of all cases of ACTH-dependent
Cushing’s syndrome [1—4]. In Cushing’s disease, autono-
mous ACTH secretion by the tumour and disturbance of
the normal cortisol feedback mechanism within the
hypothalamic—pituitary—adrenal axis leads to a loss of the
circadian rhythm of cortisol production, resulting in excess
cortisol levels. Prolonged exposure to elevated cortisol
levels in patients with Cushing’s disease results in signif-
icant clinical burden [1-6]. Patients have excess morbidi-
ties (Fig. 1), impaired health-related quality of life
(HRQoL) and increased mortality (Fig. 2). Early diagnosis
and treatment is therefore of paramount importance in
these patients. However, the rare incidence and low
prevalence of the disease, combined with the widespread
presence of common overlapping symptoms such as obe-
sity, hypertension and diabetes in the general population,
means that there is often a considerable delay between the
onset of symptoms and diagnosis [7].

The goal of treatment in Cushing’s disease is to nor-
malize cortisol levels in order to ameliorate disease-asso-
ciated signs and symptoms, as well as comorbidities [8]. In
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Fig. 1 Prevalence of 80
morbidities in patients with
Cushing’s disease compared
with the general population in
the USA (2006) [74].
Prevalence rates in the general
population are derived from
Centers for Disease Control and
Prevention statistics and
National Health and Nutrition
Examination Survey III findings
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Fig. 2 Consequences of untreated or uncontrolled Cushing’s disease

general, the initial treatment of choice is selective
transsphenoidal pituitary surgery (TSS) [8]. In a review of
74 studies involving over 6000 patients with Cushing’s
disease who underwent initial pituitary surgery (follow-up
duration, 1-444 months with a mean of 64.3 months), the
overall initial mean remission rate was 77.8 % [3].
Unfortunately, the risk of recurrence after surgery persists
for up to 10 years, with reported rates of long-term failure
of pituitary surgery averaging at approximately 32 % [3].

Current treatment options for post-surgical patients with
persistent or recurrent Cushing’s disease include second
surgery, radiotherapy, bilateral adrenalectomy and medical
therapy [8].

The severity and range of the clinical scenario and
associated morbidities in patients with Cushing’s disease
continue to present a management challenge. Although the
literature has often focused on the cardiovascular burden of
Cushing’s disease, the actual burden includes numerous
additional comorbidities (Fig. 1). The current review pro-
vides an overview of this burden of illness in patients with
Cushing’s disease, underscoring the need for prompt
diagnosis and better therapies.

Hypertension Impaired Diabetes Major Osteoporosis
glucose depression
tolerance

Challenges in the diagnosis of Cushing’s disease

A diagnosis of Cushing’s syndrome must first be estab-
lished before entertaining a differential diagnosis between
different forms of Cushing’s syndrome, which includes
Cushing’s disease [9]. The varying nature of the disease
signs and symptoms makes this task especially challenging.
Clinical manifestations may include distinct physical fea-
tures, such as purple striae, facial plethora and proximal
myopathy, as well as common conditions such as hyper-
tension, obesity, diabetes and menstrual irregularity in
women or sexual dysfunction in men [1, 2]. Clinical sus-
picion based on these physical signs is most likely to
stimulate further investigation. Evidence-based guidelines
currently recommend at least one of the three diagnostic
tests for Cushing’s syndrome: late-night salivary cortisol
(LNSC), 24-h urinary cortisol (UC) and low-dose dexam-
ethasone suppression [10]. However, because of differ-
ences in assay methodologies, sensitivities and
specificities, no single test is definitive and more than one
type of test is usually required [10]. Recognition of
Cushing’s disease, with its broad spectrum of clinical
presentation combined with the challenges and limitations
of screening tests, can be complicated and diagnosis is
often delayed, in some cases for more than a decade [11].

When considering how rarely a diagnosis of Cushing’s
disease is made, a screening procedure is difficult to justify.
Any benefits of widespread screening of high-risk patient
populations would likely be outweighed by the drawbacks
of screening, such as cost, acceptability and the use of
unnecessary procedures. Indeed, clinical guidelines rec-
ommend against widespread testing for Cushing’s syn-
drome/disease [10]. Instead, an appreciation of the more
characteristic physical signs of Cushing’s disease could
lead to earlier diagnosis and intervention, which would
mitigate some of the negative consequences of chronic
hypercortisolism.
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Consequences of untreated or uncontrolled
hypercortisolism

Increased mortality

Historical studies in patients with Cushing’s disease have
reported standardized mortality ratios (SMRs) either simi-
lar to or significantly higher than those in the general
population (reported ranges 0.98-9.3) [6]. In a Danish
population-based study, patients with Cushing’s disease
cured by successful surgery did not have an increased
mortality rate compared with the general population,
whereas those who had a recurrence of Cushing’s disease
after unsuccessful surgery had a mortality rate five times
higher than that of the general population [12].

Recent systematic analyses of mortality studies in
patients with Cushing’s syndrome have been reported [13,
14]. An analysis by Graversen et al. showed that the
weighted mean SMR for patients with Cushing’s disease
was 1.84 [13]. The overall increased mortality was attrib-
uted to patients with persistent disease after initial surgery;
these patients had an SMR of 3.73. By contrast, others have
reported an excess mortality risk for patients with Cush-
ing’s disease regardless of treatment success or failure,
with most deaths related to cardiovascular causes or
infections [14-17]. A recent global retrospective analy-
sis—the MISSION study—investigated mortality rate in
almost 5000 patients with Cushing’s syndrome and showed
a crude SMR of 4.25 in those with Cushing’s disease [18].

Several studies have aimed to characterize the risk
factors contributing to increased mortality among patients
with treated Cushing’s disease in order to stratify patients
and develop treatment strategies. In a Spanish population,
persistent hypertension, age and impaired glucose meta-
bolism were found to be independent predictors of mor-
tality [11]. In a separate retrospective chart review of 346
patients with Cushing’s disease who were treated by a
single surgeon between 1980 and 2011, older age at diag-
nosis and duration of hypercortisolism were associated
with an increased risk of death [19]. The role of excess
cortisol is further exemplified by data showing that mor-
tality in patients previously treated for Cushing’s disease
was increased compared with patients treated for non-
functioning pituitary adenomas (NFPAs) [15]. Preliminary
data from the MISSION study indicate that the mortality
rate in Cushing’s syndrome is higher in patients with
hypertension, impairment of glucose metabolism, dyslipi-
daemia, coagulopathy, cardiopathy and infections com-
pared with patients without specific complications [18].

Collectively, these data suggest that there is a critical need
for early recognition and intervention of Cushing’s disease in
order to avoid the long-term consequences of the disease.
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Increased morbidity
Metabolic syndrome

Metabolic syndrome is defined as a complex of inter-re-
lated risk factors, including obesity (particularly visceral
obesity), hyperglycaemia, hypertension, hypertriglyceri-
daemia and suppressed high-density lipoprotein cholesterol
[20]. Cushing’s syndrome represents an archetype of
metabolic syndrome as chronic cortisol secretion leads to
muscle, liver and adipocyte insulin resistance [21]. The
majority of patients with Cushing’s syndrome are over-
weight or obese [6], up to half of patients have diabetes
mellitus [6], and hypertension and dyslipidaemia are also
prevalent (up to 93 % [6] and 59 % [6], respectively).
These complications all contribute to increased cardio-
vascular risk [20].

Several studies have shown that these cardiovascular
risk factors may be reversed following normalization of
cortisol levels [11, 22, 23]. For example, high blood
pressure is normalized in a subset of 44-75 % of patients
after successful treatment of Cushing’s disease [24, 25].
However, even after post-surgical remission, cardiovascu-
lar morbidity risk can persist in most patients. Colao et al.
evaluated cardiovascular risk in 15 patients cured (defined
as normal cortisol and ACTH levels, with restoration of
physiological circadian rhythm) of Cushing’s disease ver-
sus control groups [23]. After 5 years, despite some
improvement, 40, 33 and 40 % of patients were obese, had
diabetes and remained hypertensive, respectively, versus 0,
7 and 10 % of matched controls [23]. Insulin levels fol-
lowing a glucose load were higher than in controls, sug-
gesting the persistence of insulin resistance in patients
cured of Cushing’s disease [23]. The same group also
assessed cardiovascular risk factors in 25 patients with
Cushing’s disease before and after 1 year of remission
[24]. Their findings showed that body mass index, as well
as systolic and diastolic blood pressure, was lower after
effective treatment of Cushing’s disease than before treat-
ment; however, with the exception of systolic blood pres-
sure, they remained higher than in healthy subjects [24]. In
addition, obesity, diabetes, hypertension, hypertriglyceri-
daemia and hypercholesterolaemia were still present in 63,
60, 56, 60 and 76 % of the patients, respectively [24].
Another study assessing comorbidities in 29 patients with
Cushing’s disease at two different time points after reso-
lution of hypercortisolism by TSS showed the persistence
of multiple metabolic morbidities, irrespective of the initial
degree of hypercortisolism [26]. Therefore, whether cured
or improved, all patients with Cushing’s disease remain at
risk of complications related to metabolic syndrome and
the associated cardiovascular risks.
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Skeletal system disorders

Glucocorticoid excess influences bone development by
inhibiting bone formation and increasing bone resorption
[27]. Hypercortisolism mainly affects trabecular bone,
causing skeletal fracture, especially at the vertebral levels,
in up to 76 % of patients [6]. Prospective bone status data
are available from a large number of patients with Cush-
ing’s disease in the European Registry on Cushing’s Syn-
drome (ERCUSYN) [7]. Spine osteopenia and osteoporosis
were reported in 29 % (40/136) and 16 % (22/136) of
Cushing’s disease patients, respectively, with hip
osteopenia and osteoporosis reported in 34 % (46/134) and
9 % (12/134) of patients, respectively [7].

A number of studies have shown that the degree and
duration of hypercortisolism are major determinants of
bone loss and fractures, and that bone impairment is only
partially reversed after cortisol normalization [28-30].
These findings further highlight the need for early diag-
nosis and prompt treatment.

Opportunistic infections

There are a number of reasons why patients with Cushing’s
disease are more susceptible to opportunistic infections
compared with healthy subjects. Firstly, glucocorticoids
are potent anti-inflammatory and immunosuppressive
agents. Excess cortisol has been shown to suppress cellular
[31] and humoral [32, 33] immune functions, significantly
increasing the risk of opportunistic infections, particularly
invasive fungal infections [34, 35]. Secondly, hypergly-
caemia in patients with Cushing’s disease, resulting from
the increase in insulin resistance in tissues, has been shown
to contribute to immunosuppression [35]. Finally, the
effects of excess cortisol on the skin, in particular, atrophy
and poor wound healing, may disrupt the first protective
barrier of defence against the entry of pathogens [35].

Data show that extreme levels of circulating cortisol are
associated with an increased chance of serious infections
[36] and carry a high mortality risk [37]. A particular clinical
challenge is diagnosing infection in the setting of hyper-
cortisolism, since the effects of cortisol on the immune
system make the diagnosis more difficult. For example,
diminished cytokine production due to glucocorticoid excess
[32, 33] interrupts the normal febrile response to infection,
with no manifestation of fever [34, 35]. For patients with
Cushing’s disease, normalizing cortisol levels is required to
reduce the risk of infection [35].

Neuropsychiatric dysfunction

Cortisol dysregulation is a pathophysiological trait shared
by both Cushing’s syndrome and major depressive

disorder: 50-81 % of patients with Cushing’s disease may
exhibit major depression [6, 38]. Patients with Cushing’s
disease and depression also appear to suffer from a more
severe form of illness, in terms of both cortisol production
and clinical presentation, compared with those who are not
depressed [39].

It is generally believed that depression subsides fol-
lowing surgical treatment of Cushing’s disease. However,
it has been shown that even after long-term surgical cure of
Cushing’s disease, patients exhibit an increased prevalence
of psychopathology and maladaptive personality traits [40],
particularly those associated with anxiety [41]. In a study
of 29 patients with Cushing’s disease ‘cured’ by pituitary
surgery, psychiatric comorbidity persisted after long-term
remission, irrespective of the initial degree of hypercorti-
solism [26]. Over 80 % of patients were -clinically
depressed at diagnosis. Even though ~50 % experienced
either a significant improvement or a resolution of their
mood abnormalities when evaluated within 1 year of
hypercortisolism resolution, 20 % remained significantly
depressed at the late evaluation (more than 2 years post-
operatively) [26]. These findings suggest irreversible
effects of previous glucocorticoid excess on the central
nervous system rather than a direct effect of pituitary
tumours and/or their treatment in general. Dimopoulou
et al. speculated that a possible explanation could be
impaired cortical or subcortical integrity due to the chronic
cortisol excess in Cushing’s disease, which might translate
into an altered personality pattern [41].

Alongside psychiatric illness, there is also a risk of
suicide for patients with Cushing’s disease as a result of
depression or schizophrenia-like symptoms, hallucinations
and illusions [42, 43]. In order to prevent suicide attempts,
all patients with Cushing’s disease should be carefully
monitored for the development of depression or
schizophrenia-like symptoms and precautions should be
considered, where appropriate.

Cognitive impairment

Historical studies have shown that psychological distur-
bances are accompanied by structural modification of the
brain, namely, atrophy of specific cerebral areas [44—46].
For example, a case—control study reported a subjective
loss of brain volume in 86 % of patients with Cushing’s
disease [46]. The normalization of cortisol secretion fol-
lowing disease remission has been demonstrated to reverse,
at least partially, cerebral atrophy [44, 46], suggesting that
neuronal death is not the only mechanism by which glu-
cocorticoids induce loss of brain volume.

More recently, in post-surgical patients with predomi-
nantly long-term remission of Cushing’s disease, specific
abnormalities in brain structure have been noted in the
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presence of psychological dysfunction [47]. In addition,
observations suggest that chronic hypercortisolism may
have irreversible effects on the central nervous system,
potentially resulting in permanent damage to intellectual
function [48, 49]. This is supported by recent clinical
evidence showing that patients with Cushing’s syndrome
and in long-term remission following pituitary surgery
exhibit global cognitive and attention deficits [50, 51]. In a
cross-sectional study by Tiemensma et al. impairments in
cognitive function were found in patients with Cushing’s
disease in remission compared with healthy individuals and
patients with NFPA [50]. The authors concluded that the
effects on the central nervous system are irreversible and
most likely explained by previous glucocorticoid excess
[50]. The findings of Ragnarsson et al. are consistent with
this conclusion. They assessed 43 patients with Cushing’s
disease in long-term remission and showed impaired cog-
nitive function in the domains of speed processing, audi-
tory attention and working memory, verbal fluency and
reading speed [51]. In addition, the basic attentional
mechanisms of spatial orientation and alertness were neg-
atively affected [51]. The persistence of deleterious effects
of chronic hypercortisolism on neuropsychiatric function
and cognition in some Cushing’s disease patients, even
after remission, exemplifies the need for early diagnosis
and intervention.

Health-related quality of life

The above-mentioned clinical complications likely play a
role in the significant impairments in HRQoL reported by
patients with Cushing’s disease [52-54]. Indeed, HRQoL
in Cushing’s disease, as determined by the standard Short
Form 36 (SF-36) health survey, is significantly worse than
in the general population and in patients with other pitu-
itary tumours (Fig. 3) [53]. In an observational study of
107 patients with Cushing’s disease, Webb et al. further
showed that active hypercortisolism was associated with a
worse score in HRQoL compared with those patients who
no longer had hypercortisolism [54].

Data from long-term studies show that patients with
Cushing’s disease continue to experience impaired HRQoL
even after post-operative remission [55, 56]. In a study
conducted by Lindsay et al., HRQoL improved after sur-
gical treatment, although levels remained below that of
age- and gender-matched subjects for up to 15 years [56].
As described above, multiple dimensions, including cog-
nition and body composition, do not normalize after
endocrine cure [56]. It is, therefore, not surprising that
patients experience impaired HRQoL even after post-op-
erative remission. In addition to the potential irreversible
effects of hypercortisolism on HRQoL, this assessment
also needs to take into account the potential development
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of novel clinical manifestations induced by the fall in
cortisol levels [57].

Alleviating the burden of Cushing’s disease

The treatment of Cushing’s disease is complex and repre-
sents a challenge for clinicians, requiring a multidisci-
plinary and individualized approach. TSS is the initial
treatment of choice for most patients, and the overall goal
is complete resection of the pituitary tumour and correction
of hypercortisolism without inducing permanent pituitary
deficiencies [3, 7]. Several treatment options are available
for post-surgical patients who fail to achieve remission or
who relapse; however, these are not without drawbacks [3,
7]. Repeat pituitary surgery is sometimes used for patients
with persistent hypercortisolism after initial TSS. However,
this is associated with a significant risk of hypopituitarism
and is recommended only when evidence of a remaining
pituitary tumour is established [3, 7]. Conventional radio-
therapy can result in mean remission rates of ~ 64 % when
used exclusively, increasing to ~70 % when used after
pituitary surgery [3, 7]. However, the main disadvantages
of radiotherapy are that it may not be appropriate in
patients with severe symptoms in need of immediate res-
olution because of delayed efficacy (typically 2-3 years)
and that significant pituitary deficiency may develop after
treatment [8]. Bilateral adrenalectomy provides an imme-
diate permanent treatment in cases where other therapies
have failed [8]; however, in addition to the surgical risks,
patients require lifelong mineralocorticoid and glucocorti-
coid replacement therapy [58].

Medical therapy

There is now a wide range of medical therapies available to
treat Cushing’s disease (Fig. 4), which provides clinicians
with a greater opportunity to alleviate the burden of illness
associated with the condition. These agents may act at the
hypothalamic—pituitary level by decreasing ACTH secre-
tion (neuromodulatory agents), at the adrenal level by
inhibiting cortisol synthesis (steroidogenesis inhibitors), or
at the peripheral level by competing with cortisol (gluco-
corticoid receptor antagonists) [8].

Steroidogenesis inhibitors used to treat patients with
Cushing’s disease include ketoconazole, metyrapone and
mitotane. Ketoconazole and metyrapone have been
approved in Europe for the treatment of Cushing’s syn-
drome [59, 60]. A review of clinical studies reporting the
efficacy of ketoconazole in patients with Cushing’s disease
revealed a mean response rate of 64.3 % [3]. Ketoconazole,
however, also inhibits androgen synthesis and may cause
liver damage [61]. The approved agent ketoconazole is a
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racemic mixture of two enantiomers. Levoketoconazole,
the single 2S,4R enantiomer, is hypothesized to have an
improved benefit-risk profile compared with racemic
ketoconazole. The efficacy and safety of levoketoconazole
is currently being investigated in patients with Cushing’s
syndrome in the global Phase III SONICS trial
(NCTO01838551). Osilodrostat  (LCI699) is another
steroidogenesis inhibitor in Phase III clinical development
for the treatment of Cushing’s disease (NCT02180217). In
a previous Phase II study, osilodrostat, an oral inhibitor of
11B-hydroxylase (the final enzyme in the cortisol synthesis
pathway), normalized UC in 78.9 % of patients who
completed 22 weeks of treatment [62].

Mifepristone, a glucocorticoid receptor antagonist, is
approved in the USA for control of hyperglycaemia sec-
ondary to hypercortisolism in patients with endogenous
Cushing’s syndrome who have type 2 diabetes or glucose
intolerance and have failed, or are not candidates for,
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Mental
health

Social Role
functioning emotional

Vitality

emotional) and for patients with acromegaly (except bodily pain) and
NFPA Figure adapted from Johnson et al. [49]

surgery [63]. Mifepristone has demonstrated sustained
weight loss [64], improved glucose tolerance in 60 % of
glucose-intolerant patients and lowering of diastolic blood
pressure in 43 % of hypertensive patients [65]. Mifepris-
tone does not reduce cortisol levels; consequently, physi-
cians must rely on changes in signs and symptoms to gauge
treatment efficacy [66].

Pasireotide, a multireceptor-targeted somatostatin ana-
logue, is currently the only pituitary-directed medical
therapy approved in the EU and the USA for the treatment
of Cushing’s disease; it is licensed for use in adult patients
in whom surgery is not an option or has failed [67, 68]. In a
Phase III study of pasireotide, administered subcuta-
neously, a decrease in UC by 6 months was achieved in
most patients, as well as normalization of UC in 20 % of
patients [69, 70]. The safety profile of pasireotide was
similar to that of other somatostatin analogues, except for a
higher frequency and degree of hyperglycaemia [69].
Blood glucose levels should be monitored during pasireo-
tide treatment, and prompt intervention is warranted if
hyperglycaemia occurs.

The dopamine agonist cabergoline is another neuro-
modulatory agent used off-label for the treatment of
Cushing’s disease that has shown promise in an open-label
trial and a retrospective trial [71, 72]. However, random-
ized, controlled studies with this agent are yet to be
conducted.

Combination therapy for treatment of Cushing’s disease
has also been proposed. In a study of 17 patients with
Cushing’s disease, pasireotide monotherapy (100-250 pg
three times a day) normalized UC levels in five patients and
addition of cabergoline (0.5-1.5 mg every other day) nor-
malized UC levels in four more patients [73]. Among the
remaining eight patients, addition of ketoconazole (200 mg
three times a day) normalized UC levels in six of these,
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leaving two patients with elevated UC levels. Therefore,
sequential therapy with multiple treatments may be one
approach to treatment, although this requires further
investigation.

Conclusions

Cushing’s disease is caused by prolonged exposure to
elevated cortisol levels and is associated with significant
clinical burden due to numerous morbidities, increased
mortality and impaired quality of life. The condition
therefore requires early detection, as well as rapid treat-
ment and effective disease control, in order to limit its
long-term mortality and morbidity. A growing body of
evidence indicates that the negative physical and psy-
chosocial sequelae of chronic hypercortisolism may persist
in patients with Cushing’s disease even after long-term
surgical ‘cure’. Post-surgical patients who fail to achieve
remission or who relapse may benefit from second-line
treatments such as repeat surgery, radiation therapy and
bilateral adrenalectomy; however, each procedure is not
without risk. An unmet clinical need exists for more effi-
cacious medications. With the recent approvals of pasir-
eotide and mifepristone, along with other agents in late-
stage clinical development, medical therapies may become
more prominent in future patient management and may
help to alleviate the burden of illness associated with
Cushing’s disease.
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