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ABSTRACT
Patients with Cushing’s disease (CD) mainly die because of car-

diovascular accidents. The aim of this study was to evaluate whether
patients with CD still have increased cardiovascular risk and suffer
from premature atherosclerosis once cured.

Fifteen patients cured from CD for a long term period (5 yr), 30 sex-
and age-matched controls, and 30 body mass index (BMI)-matched
controls were included in this study. BMI; waist to hip ratio (WHR);
systolic (SBP) and diastolic (DBP) blood pressures; serum total, low
density lipoprotein (LDL), and high density lipoprotein (HDL) cho-
lesterol; serum triglycerides, fibrinogen, and lipoprotein(a) levels;
prothrombin time; activated partial thromboplastine time; and basal
and glucose load-stimulated insulin and glucose levels were measured
in patients and controls. By echo-Doppler ultrasonography, the in-
tima media thickness (IMT), systolic and diastolic media-media dis-
tances, blood systolic (SPV) and diastolic (DPV) peak velocity, systolic
(SLD) and diastolic (DLD) lumen diameter, and distensibility coef-
ficient (DC) were measured at both common carotid arteries where the
presence, size, and location of atherosclerotic plaques were also
evaluated.

Compared with a sex- and age-matched control population, CD
patients had BMI (P ! 0.001), WHR (P ! 0.001), SBP (P ! 0.005), DBP
(P ! 0.05), fasting glucose (P ! 0.001) and insulin (P ! 0.05), glucose
load-stimulated glucose and insulin levels (P ! 0.05), total cholesterol
(P ! 0.05), LDL cholesterol (P ! 0.01), fibrinogen (P ! 0.01), and
lipoprotein(a) (P ! 0.05) levels higher and HDL cholesterol levels (P !

0.05) lower than controls. At ultrasonography, in the patients, IMT
(P ! 0.05), SPV (P ! 0.05) and DPV (P ! 0.001) were significantly
increased whereas SLD (P ! 0.001), DLD (P ! 0.001), and DC (P !
0.05) were significantly decreased compared to controls. In addition,
CD patients had higher WHR (P ! 0.05), DBP (P ! 0.05), glucose
load-stimulated glucose and insulin levels (P ! 0.05), and fibrinogen
levels (P ! 0.01) and lower HDL cholesterol (P ! 0.05) levels than
BMI-matched controls. At ultrasonography, increased common ca-
rotid arteries IMT (P ! 0.05) and DPV (P ! 0.05) and decreased DLD
(P ! 0.05) and DC (P ! 0.05) were measured in patients compared to
those in BMI-matched controls. Atherosclerotic plaques were found in
26.7% of patients, in none of the sex- and age-matched controls, and
in 3.3% of the BMI-matched controls. In CD patients, a significant
correlation was found between both WHR and fasting serum insulin
levels and DBP (r " 0.52 and r " 0.55; P ! 0.05), triglycerides levels
(r " 0.56 and r " 0.77; P ! 0.05), and IMT (r " 0.64 and r " 0.56; P !
0.05). Right (r " #0.70; P ! 0.005) and left (r " #0.65; P ! 0.01) DC
were inversely correlated to the duration of CD in the patient group.
At the multiple regression analysis, WHR was the best predictor of
fasting insulin levels (! " 0.77; P ! 0.05), and vice versa, fasting
insulin level was the best predictor of WHR (! " 1.20; P ! 0.05).

In conclusion, patients cured from CD for a long term period have
a high prevalence of atherosclerosis and maintain increased several
cardiovascular risk factors of the active disease, probably due to a
residual abdominal obesity and/or insulin resistance syndrome.
(J Clin Endocrinol Metab 84: 2664–2672, 1999)

CUSHING’S disease (CD) is the most frequent cause of
endogenous hypercortisolism in humans, account-

ing for about 70% of cases (1). It results from hypersecre-
tion of ACTH by an adenoma or hyperplasia of pituitary
corticotroph cells (2, 3). The chronic hypersecretion of
cortisol causes central obesity, systemic arterial hyperten-
sion, impairment of glucose tolerance, hyperlipidemia,
and hypercoagulability; altogether, these abnormalities
determine an increased cardiovascular risk during the ac-
tive phase of the disease (4). In patients with untreated or
nonremitted CD, the cardiovascular complications, in-

cluding coronary artery disease, congestive heart failure,
and cardiac stroke, cause a mortality rate 4 times higher
than that expected in the normal population (5, 6). How-
ever, in patients successfully cured of CD, the conse-
quences of a previous hypercortisolism on clinical mani-
festations, glucose and lipid metabolism, and the vascular
system have not been evaluated. In particular, it has been
poorly investigated whether the normalization of cortisol
levels reverses the totality of clinical, metabolic, and vas-
cular abnormalities occurring during the active phase of
the disease, and whether patients cured of CD inherit
partially or totally the increased cardiovascular risk char-
acterizing the active phase of the disease.

The current study was designed to investigate the cardio-
vascular risk and vascular consequences in patients success-
fully cured of CD who had achieved a long term period of
serum cortisol level normalization.
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0.05) in patients than in sex- and age-matched controls,
whereas triglycerides levels were similar in the three groups.
Hypercholesterolemia was found in four patients (26.7%), in
none of the sex- and age-matched controls (!2 ! 5.8; P " 0.05),
and in seven (23.3%) BMI-matched controls (!2 ! 0.02; P !
NS). HDL cholesterol levels lower than normal were found
in four patients (26.7%), in none of the sex- and age-matched
controls (!2 ! 5.8; P " 0.05), and in five (16.7%) BMI-matched
controls (!2 ! 0.16; P ! NS). Hypertriglyceridemia and se-
rum LDL cholesterol levels higher than normal were found
in one patient (6.7%), in none of the sex- and age-matched
controls (!2 ! 0.13; P ! NS), and in three (10%) BMI-matched
controls (!2 ! 0.04; P ! NS). A total/HDL cholesterol ratio
below 5 was found in four patients (26.7%) and none of the
controls (!2 ! 5.8; P " 0.05). Plasma fibrinogen (P " 0.01)
were higher in patients than in either control group, whereas
Lpa levels (P " 0.05) were higher in patients than in sex- and
age-matched controls. PT and aPTT indexes were similar in
the three groups. Fasting plasma insulin levels were higher
in patients than in sex- and age-matched controls (P " 0.05),
and the insulin response to a glucose load was greater in
patients than in either control group (Fig. 1). Plasma ACTH
and serum and urinary cortisol were similar in the three
groups.

Blood glucose, serum triglycerides, cholesterol, and fibrin-
ogen levels were similar in patients who had hypocortisolism
immediately after neurosurgery and in those who did not.

Vascular study (Table 4)

Common carotid arteries IMT (P " 0.05) and DPV (P "
0.001 and P " 0.05, respectively) were significantly higher,
and DLD (P " 0.001 and P " 0.05, respectively) and DC (P "
0.05) were significantly lower in patients than in sex- and
age-matched and BMI-matched control groups; SPV (P "
0.05) were significantly higher and SLD (P " 0.001) were
significantly lower in patients than in sex- and age-matched
control group; whereas MMS and MMD were similar in the
three groups. Well defined carotid wall plaques were de-

FIG. 1. Blood glucose and serum insulin responses to oral glucose
tolerance test in patients cured of Cushing’s disease (f), sex- and
age-matched controls (F), and BMI-matched controls (!). *, P " 0.05
compared to sex- and age-matched controls; F, P " 0.05 compared to
BMI-matched controls.

TABLE 3. Clinical, biochemical, and hormonal features of the three groups of subjects included in the study

Parameters Patients
(n ! 15)

Sex- and age-matched
controls
(n ! 30)

P
BMI-matched

controls
(n ! 30)

P

Body mass index (kg/m2) 28.5 # 1.2 23.5 # 0.5 "0.001 28.2 # 1.0 NS
Waist/hip ratio 0.88 # 0.02 0.76 # 0.02 "0.001 0.81 # 0.02 "0.05
Heart rate (beats/min) 75 # 2.8 71.2 # 2.0 NS 70.0 # 3.0 NS
Systolic blood pressure (mm Hg) 136.0 # 4.6 117.7 # 2.9 "0.005 127.5 # 4.0 NS
Diastolic blood pressure (mm Hg) 91.3 # 3.6 80.7 # 2.9 "0.05 82.2 # 2.6 "0.05
Fasting blood glucose levels (mg/dL) 104.9 # 7.0 84.5 # 1.8 "0.001 94.7 # 3.0 NS
Serum triglycerides levels (mg/dL) 130.8 # 17.8 107.6 # 12.7 NS 120.5 # 13.6 NS
Total blood cholesterol levels (mg/dL) 213.2 # 10.8 175.5 # 9.4 "0.05 189.5 # 8.9 NS
LDL cholesterol levels (mg/dL) 139.1 # 9.5 98.9 # 9.0 "0.01 120.5 # 8.0 NS
HDL cholesterol levels (mg/dL) 48.0 # 2.0 61.8 # 4.2 "0.05 54.5 # 2.0 "0.05
Total/HDL cholesterol ratio 4.5 # 0.2 3.0 # 0.2 "0.001 3.5 # 0.2 "0.05
Prothrombine time (%) 102.4 # 2.1 105.0 # 3.4 NS 103.5 # 2.0 NS
Activated partial thromboplastine time (s) 28.7 # 0.7 27.2 # 1.2 NS 27.9 # 1.0 NS
Plasma fibrinogen levels (mg/dL) 350.8 # 32.7 262.0 # 14.6 "0.01 280.4 # 18.4 "0.05
Serum lipoprotein-a levels (mg/dL) 153.3 # 5.0 119.0 # 10.2 "0.05 147.5 # 3.7 NS
Plasma ACTH levels (ng/L) 35.9 # 6.1 42.3 # 5.6 NS 33.4 # 5.0 NS
Serum cortisol levels ("g/L) 144.8 # 11.5 135 # 10.9 NS 156.5 # 10.4 NS
Urinary cortisol levels ("g/24 h) 99.1 # 8.5 85.5 # 7.9 NS 120.4 # 9.5 NS
Fasting serum insulin levels (micro-U/mL) 25.1 # 5.8 10.5 # 3.1 "0.05 18.7 # 4.2 NS
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tected in four patients (26.7%) and in none of the sex- and
age-matched controls (!2 ! 5.8; P " 0.05). Three patients had
a plaque localized at the level of the left carotid bifurcation
with maximum diameters of 8, 25, and 27 mm and thick-
nesses of 1.9, 2.3, and 1.5 mm, respectively, whereas one
patient had a plaque at the level of the right internal carotid
artery with a maximal diameter of 20 mm and a thickness of
2.0 mm. A well defined carotid wall plaque with maximal
diameter of 10 mm and a thickness of 1.8 mm was detected
in one BMI-matched control (3.3%) at level of the right in-
ternal carotid artery (!2 ! 3.4; P ! NS).

No significant difference was found in US parameters
between patients who had hypocortisolism immediately af-
ter neurosurgery and those who did not.

Figure 2 shows an example of IMT measurement in one
control and one patient (no. 6, Table 1), whereas Fig. 3 shows
an example of a plaque detected at the origin of the internal
carotid artery in another patient (no. 9, Table 1).

Correlation analysis

In CD patients, no significant correlation was found between
BMI and any clinical, biochemical, or vascular parameter,
whereas WHR was significantly correlated to DBP (r ! 0.52; P "
0.05), glucose levels (r ! 0.66; P " 0.01), triglycerides levels (r !
0.56; P " 0.05), total cholesterol levels (r ! 0.62; P " 0.05), and
right carotid artery IMT (r ! 0.64; P " 0.05). Fasting insulin
levels were significantly correlated to glucose levels (r ! 0.75;
P " 0.005), DBP values (r ! 0.55; P " 0.05), triglycerides levels
(r ! 0.77; P " 0.005), and right (r ! 0.56; P " 0.05) and left (r !
0.58; P " 0.05) carotid arteries IMT. Right (r ! #0.70; P " 0.005)
and left (r ! #0.65; P " 0.01) DC were significantly and in-
versely correlated to the duration of CD in the patients’ group.
At the multiple regression analysis, WHR was the best predictor
of fasting insulin levels (" ! 0.77; P " 0.05), and vice versa,

fasting insulin level was the best predictor of WHR (" ! 1.20;
P " 0.05). Neither WHR nor fasting insulin levels or any of the
other clinical, biochemical, or hormonal parameters were pre-
dominantly predictive of common carotid IMT and DC.

Discussion

The results of the current study demonstrated that patients
cured of CD and achieving normal serum and urinary cor-
tisol levels for at least 5 yr have an increased prevalence of
atherosclerosis and maintain several clinical and biochemical
abnormalities typical of the active phase of CD, such as
obesity, hypertension, impairment of glucose tolerance, hy-
perlipidemia, and hypercoagulability. These features confer
to patients who suffer from CD an increased cardiovascular
risk compared to that of the normal population.

Endogenous and exogenous hypercortisolism is known to
be associated with an increased mortality rate for cardiovas-
cular accidents, probably due to the obesity, hypertension,
impaired glucose tolerance, hyperlipidemia, and hyperco-
agulability that characterize this clinical condition (4–6, 18).
Today, the concept that all clinical and biochemical features
of hypercortisolism reverse after its resolution is largely ac-
cepted. However, no data are available on the disappearance
and/or the reduction of cardiovascular risk factors in pa-
tients with exogenous hypercortisolism who have with-
drawn corticosteroid therapy or in patients with endogenous
hypercortisolism after cure. On the other hand, the definition
of cure of CD is still a matter of controversy. In fact, in
different studies the achievement of normal, low, and un-
measurable urinary and/or serum cortisol levels as well as
the suppressibility of cortisol levels after low dose dexa-
methasone administration have been alternatively consid-
ered as cure criteria after transsphenoidal surgery for CD
(19–22). The best long term results of transsphenoidal sur-

TABLE 4. Results of carotid echo-color-Doppler ultrasonography in patients and controls

Patients
(n ! 15)

Sex- and age-matched
controls
(n ! 30)

P
BMI-matched

controls
(n ! 30)

P

Intima-media thickness (mm)
Right 1.3 $ 0.1 0.9 $ 0.1 "0.05 1.0 $ 0.05 "0.05
Left 1.3 $ 0.1 0.9 $ 0.1 "0.05 1.2 $ 0.05 NS

Systolic media-media distance (mm)
Right 8.6 $ 0.2 8.7 $ 0.1 NS 8.4 $ 0.2 NS
Left 8.5 $ 0.2 8.7 $ 0.1 NS 8.5 $ 0.5 NS

Diastolic media-media distance (mm)
Right 7.9 $ 0.2 8.0 $ 0.2 NS 8.1 $ 0.1 NS
Left 8.0 $ 0.2 8.0 $ 0.2 NS 8.2 $ 0.4 NS

Systolic lumen diameter (mm)
Right 6.0 $ 0.1 6.9 $ 0.1 "0.001 6.4 $ 0.4 NS
Left 5.8 $ 0.1 6.8 $ 0.2 "0.001 6.2 $ 0.5 NS

Diastolic lumen diameter (mm)
Right 5.3 $ 0.2 6.1 $ 0.1 "0.001 6.1 $ 0.2 "0.05
Left 5.3 $ 0.2 6.1 $ 0.1 "0.001 5.9 $ 0.4 NS

Systolic peak velocity (cm/s)
Right 77.5 $ 3.6 64.5 $ 4.5 NS 70.5 $ 3.8 NS
Left 84.3 $ 4.9 65.4 $ 5.2 "0.05 72.4 $ 3.5 NS

Diastolic peak velocity (cm/s)
Right 27.3 $ 2.1 19.0 $ 1.4 "0.001 21.8 $ 1.6 "0.05
Left 33.3 $ 2.2 19.8 $ 1.7 "0.001 25.9 $ 1.9 "0.05

Distensibility coefficient (10#3 kPa#1)
Right 26.9 $ 3.5 38.0 $ 1.9 "0.005 34.5 $ 2.0 "0.05
Left 27.3 $ 3.8 38.2 $ 2.9 "0.05 35.2 $ 2.0 "0.05
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Persistent Body Fat Mass and Inflammatory Marker
Increases after Long-Term Cure of Cushing’s
Syndrome
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Objective: Although increased central fat mass is characteristic of active Cushing’s syndrome (CS),
little is known about body composition and secretion of adipokines after long-term recovery of CS.
The aim of this study was to evaluate central fat mass and its correlation with adipokines and
cardiovascular risk factors in patients after long-term remission of CS.

Methods: Thirty-seven women with CS in remission (27 of pituitary and 10 of adrenal origin; mean
age, 50 " 14 yr; mean time of hormonal cure, 11 " 6 yr) were enrolled and compared to 14 women
with active CS and 85 gender-, age-, and body mass index-matched healthy controls. Total and
trunk fat mass were measured by dual-energy x-ray absorptiometry scanning. Laboratory param-
eters and adipokine levels [including adiponectin, visfatin, soluble TNF!-receptor 1 (sTNF-R1),
sTNF-R2, and IL-6] were measured.

Results: Cured CS patients had more total and trunk fat mass than controls. Cured and active CS had
higher levels of sTNF-R1 and IL-6 and lower adiponectin levels than controls. Higher insulin levels
and blood pressure in both groups of CS patients and higher apolipoprotein B in cured CS were
observed compared to controls. sTNF-R1 correlated positively with percentage of trunk fat mass
and remained significant after adjusting for anthropometric parameters.

Conclusion: Despite long-term cure, patients who have suffered CS exhibit persistent accumulation
of central fat, as in active hypercortisolemia, with the consequent unfavorable adipokine profile,
leading to a state of low-grade inflammation. This situation determines a persistent and increased
cardiovascular risk in these patients. (J Clin Endocrinol Metab 94: 3365–3371, 2009)

Any chronic glucocorticoid (GC) excess exerts impor-
tant changes in body composition, reducing bone

mass and lean body mass and favoring central fat accu-
mulation (1, 2). It has been assumed that resolution of
hypercortisolism is followed by normalization of body
composition; a decrease in fat mass has been reported in

the early recovery after successful treatment of Cushing’s
syndrome (CS) (3, 4). However, patients who have suf-
fered from CS, either exogenous or endogenous, often
complain of obesity, despite successful treatment that
may even have rendered them adrenal insufficient. Per-
sistence of increased cardiovascular risk and carotid
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Abbreviations: ApoB, Apolipoprotein B; BMI, body mass index; BP, blood pressure; CS, Cush-
ing’s syndrome; CV, coefficient of variation; DEXA, dual-energy x-ray absorptiometry; GC,
glucocorticoid; HDL-c, high-density lipoprotein-cholesterol; HOMA, homeostasis model as-
sessment; LDL-c, low-density lipoprotein-cholesterol; sTNF-R, soluble TNF!-receptor.
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source Europe S.A., Fleunes, Belgium), with intra- and inter-
assay CVs below 8%.

Statistical analysis
Analysis was performed using SPSS 15.0 statistical package

for Windows (SPSS Inc., Chicago, IL). Quantitative data are
expressed as mean and SD (Gaussian distribution) or as median
and range (non-Gaussian distribution), and qualitative data are
expressed as percentages. Data distribution was analyzed by the
Kolmogorov-Smirnov test. Comparisons between two groups
was performed using Student’s t (Gaussian distribution) and
Mann-Whitney’s U (non-Gaussian distribution), and between
three groups using ANOVA followed by Bonferroni test as a post
hoc test or a Kruskal-Wallis H test, depending on the data dis-
tribution. A !2 test was performed for categorical variables. Bi-
variate correlations (Pearson) were analyzed between body fat
mass, cardiovascular risk factors, and inflammation markers.

Adipokines, duration of endogenous hypercortisolism, cur-
rent age, age at diagnosis of CS, BMI, waist circumference, ar-
terial hypertension, insulin, and HOMA were considered as po-
tential predictive factors for fat mass by a stepwise, multiple
linear regression analysis.

Tests were two-tailed, and a P ! 0.05 was considered
significant.

Results

Comparison between cured and active CS patients
and controls

When patients were compared with BMI- and age-
matched controls, cured CS patients had higher total and

trunk fat mass than controls. Adiponectin was lower in
both cured and active CS patients than controls. sTNF-R1
and IL-6 were higher in both cured and active CS patients
than controls. No differences were observed for visfatin
and sTNF-R2 between the three groups (Table 1).

Higher levels of insulin were observed in both cured and
active CS compared with controls, and a trend for higher
insulin resistancewasmeasuredbyHOMA.Regarding the
lipid profile, only ApoB was higher in cured CS than con-
trols. Higher systolic BP was observed in cured and active
CS than controls, and higher diastolic BP in active CS than
the other two groups. When the criteria of the metabolic
syndrome were analyzed individually, patients with cured
and active CS had more central obesity than controls (51
and71%vs.31%;P!0.01),andmorehypertension(54and
93% vs. 29%; P ! 0.001) than controls. Furthermore,
patients with active CS had more hypertension than cured
CS. No differences were observed between groups for the
other components of the metabolic syndrome (data not
shown). More patients with active CS fulfilled criteria for
themetabolic syndrome thancuredCSandcontrols (50vs.
16 and 11%; P ! 0.01).

When data were reanalyzed excluding the 10 patients
who were on GC replacement therapy, the same differ-
ences were found for fat and adipokines (data not shown).

Because estrogens play an important role in body com-
position, cured and active CS patients and controls were
divided into an estrogen-sufficient group (including pre-

TABLE 1. Comparison in women between cured and active CS patients and normal matched controls

Cured CS Active CS Controls P
n 37 14 85
Total fat mass (%) 39.7 " 7.4 39.4 " 5.8 35.7 " 6.9 !0.01a

Trunk fat mass (%) 40.8 " 9 40.4 " 7.3 34.5 " 8.8 0.001a

Lean body mass (kg) 37.6 " 6.4 39.7 " 3.9 40.1 " 5.3 NS
Adiponectin (ng/ml) 12.4 (5–32.4) 12.6 (8.2–26.2) 18.2 (4.5–56.5) !0.05a,b

Visfatin (ng/ml) 15 (8.5–24.5) 14 (9.4–36) 13.4 (7–59) NS
sTNF-R1 (ng/ml) 1.71 (1.07–4.28) 1.61 (1.12–2.12) 1.21 (0.79–2.47) !0.001a,b

sTNF-R2 (ng/ml) 2.92 (1.65–11) 2.97 (1.05–7) 2.74 (1.62–5.59) NS
IL-6 (pg/ml) 0.5 (0.07–11.09) 0.44 (0.17–6.74) 0.3 (0.07–1.48) !0.001a,b

Insulin (pmol/liter) 54 (14–134) 66 (14–212) 35 (14–241) !0.05a,b

HOMA-IR 1.61 (0.38–4.48) 2.08 (0.36–7.09) 1.09 (0.36–8.36) NS (0.07)
Total cholesterol (mmol/liter) 5.8 " 0.9 5.4 " 0.7 5.4 " 0.9 NS
HDL-c (mmol/liter) 1.6 (1.2–2.8) 1.6 (1.2–2.5) 1.7 (0.8–3.2) NS
LDL-c (mmol/liter) 3.5 " 0.9 3.2 " 0.7 3.2 " 0.8 NS
Triglycerides (mmol/liter) 1.1 (0.4–2.8) 1.0 (0.5–3.8) 0.8 (0.4–3.9) NS
ApoB (g/liter) 1.01 " 0.21 0.96 " 0.16 0.89 " 0.22 !0.05a

Lipoprotein a (mg/liter) 165 (70–1144) 455 (70–900) 136 (70–1177) NS
Systolic BP (mm Hg) 130 (100–160) 135 (100–145) 120 (90–154) !0.05a,b

Diastolic BP (mm Hg) 70 (60–100) 77.5 (70–100) 70 (59–94) !0.05b,c

BMI (kg/m!) 25.2 (18.7–45.5) 29.6 (23.7–34) 25.4 (19–43) NS
Current age (yr) 50 " 14 46 " 12 50 " 12 NS
Menopause (%) 43 46 50 NS

Results are expressed as mean " SD or median (range). NS, Not significant; HOMA-IR, HOMA of insulin resistance.
a P ! 0.05 between cured CS and controls.
b P ! 0.05 between active CS and controls.
c P ! 0.05 between cured CS and active CS.
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cardiovascular risk and managing the risk associated
with cardiovascular disease such as hypertension,
obesity, glucose intolerance, insulin resistance,
dyslipidemia, endothelial dysfunction, and the hyper-
coagulable state should be the important goals of
treatment for CD.

Hypertension Hypertension has been reported in
55–85% of patients with CD, with most cases being
mild to moderate (3, 12, 14, 22, 53). Hypertension
remits in a subset of patients (44–75%, Table 2)
after successful treatment but persists in w24–56%
(12, 14, 22), presumably due to microvessel remodeling
or concomitant underlying essential hypertension (54).
The duration of disease has been shown to be longer in
hypertensive patients (4.8G3.7 years) than in normo-
tensive (0.7G0.2 years) patients (22) and has been

identified as a significant risk factor in several studies
(54, 55). Older age and longer duration of hypertension
before treatment also negatively influenced the normal-
ization of high blood pressure after resolution of
hypercortisolism.

Hypercoagulopathy Patients with CD show various
abnormalities of hemostatic parameters and those with
active CD show an increased thrombotic tendency (56).
Increased cortisol levels stimulate the synthesis of
several clotting factors, such as fibrinogen by the liver
and von Willebrand factor by endothelial cells. Gluco-
corticoids also upregulate the synthesis of plasminogen
activator inhibitor type 1, the main inhibitor of the
fibrinolytic system (49). This hypercoagulability state is
a crucial factor predisposing CD patients to thromboem-
bolic events, mostly after surgery and during inferior

Table 2 Comorbidities, prevalence at diagnosis, and reversibility in patients with CD.

Morbidity Prevalence at diagnosis Reversibility

Hypertension 55–85% (12, 14, 22, 53) 18-Year follow-up: posttreatment 24% (12/49); diag-
nosis 55% (27/49) (14)

After 5 years’ cortisol normalization: CD 40% (6/15);
BMI-matched controls 20% (6/30) (3)

After 1 year’s cortisol normalization, hypertension was
reversed in 44% (12)

Less than 2 years after successful remission, 75% had
normalized BP (55)

IGT 21–64% (12, 14, 22, 53) 18-Year follow-up: posttreatment 4% (2/49); diagnosis
24% (12/49) (14)

After 5 years’ cortisol normalization: CD 27% (4/15);
BMI-matched controls 27% (8/30) (3)

Diabetes mellitus 20–47% (12, 14, 22, 53) 18-Year follow-up: posttreatment 18% (9/49); diag-
nosis 39% (19/49) (14)

After 5 years’ cortisol normalization: CD 33% (5/15);
BMI-matched controls 7% (2/30) (3)

After 1 year’s cortisol normalization, diabetes was
reversed in 40% of patients (12)

Overweight (BMI 25–30 kg/m2) 21–48% (12, 22, 53) After 5 years’ cortisol normalization: CD 33% (5/15);
sex- and age-matched controls 20% (6/30) (3)

Obesity (BMIO30 kg/m2) 32–41% (12, 22, 53) After 5 years’ cortisol normalization: CD 40% (6/15);
0 in controls (3)

After 1 year’s cortisol normalization, 38% were no
longer obese (12)

Dyslipidemia 38–71%a (22, 53) After 5 years’ cortisol normalization, the prevalence
was 27% (3)

Hypercoagulopathy/hemostatic
abnormalities

Hemostatic abnormalities (53.6%) (53) Adequate prophylaxis with anticoagulants can reverse
the prothrombotic state and greatly reduce the risk of
postoperative thromboembolic events (49)

Vascular morbidity (10%) (49)
VTE (incidence 2.5–3.1 per 1000 persons
per year) (57)

Kidney disease Nephrolithiasis: 50% (116) Prevalence in patients achieving remission 27% (116)
Osteoporosis/compression fractures Osteoporosis: 38–50% (6, 71) Only partially reversible 2 years after normalization of

cortisol levels (67)Fracturesb: 15.8% (71)
Major depression/psychopathologyc MDD/MD/MAD: 54–81% (10, 72, 73)

Overall psychopathology: 67% (5)
Atypical depression: 51.5% (5)

Prevalence of MD at 3 months: 54%;
at 6 months: 36%; at 12 months: 24% (5)

About 70% of patients fully recovered from their
depression (75)

Cognitive deficits/loss of brain volume Subjective loss of brain volume: 86% (80) Partially reversible (based on retrospective study in
38 patients only) (80)

BP, blood pressure; IGT, impaired glucose tolerance; MAD, major affective depression; MD, major depression; MDD, major depressive disorder; VTE, venous
thromboembolism.
aLipid profile abnormalities (combined increased cholesterol and triglycerides 25%).
bPituitary Cushing’s.
cPsychopathology includes atypical depression, major depressive disorder, and other psychiatric disorders.
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Abstract

Objective: Cushing’s disease (CD) is a rare endocrine disorder characterized by excess secretion of
ACTH due to a pituitary adenoma. Current treatment options are limited and may pose additional
risks. A literature review was conducted to assess the holistic burden of CD.
Design: Studies published in English were evaluated to address questions regarding the
epidemiology of CD, time to diagnosis, health-related quality of life (HRQoL), treatment outcomes,
mortality, prevalence of comorbidities at diagnosis, and reversibility of comorbidities following the
treatment.
Methods: A two-stage literature search was performed in Medline, EMBASE, and Science Citation
Index, using keywords related to the epidemiology, treatment, and outcomes of CD: i) articles published
from 2000 to 2012 were identified and ii) an additional hand search (all years) was conducted on the
basis of bibliography of identified articles.
Results: At the time of diagnosis, 58–85% of patients have hypertension, 32–41% are obese, 20–47%
have diabetes mellitus, 50–81% have major depression, 31–50% have osteoporosis, and 38–71% have
dyslipidemia. Remission rates following transsphenoidal surgery (TSS) are high when performed by
expert pituitary surgeons (rates of 65–90%), but the potential for relapse remains (rates of 5–36%).
Although some complications can be partially reversed, time to reversal can take years. The HRQoL of
patients with CD also remains severely compromised after remission.
Conclusions: These findings highlight the significant burden associated with CD. As current treatment
options may not fully reverse the burden of chronic hypercortisolism, there is a need for both improved
diagnostic tools to reduce the time to diagnosis and effective therapy, particularly a targetedmedical therapy.

European Journal of Endocrinology 167 311–326

Introduction

Cushing’s disease (CD) is a rare condition caused by a
pituitary adenoma that secretes excess ACTH (1), which
promotes excess cortisol production from the adrenal
glands. Excess cortisol induces a clinical phenotype that
harbors all components of the metabolic syndrome,
such as central obesity, diabetes mellitus, dyslipidemia,
and hypertension, as well as muscle weakness,
hirsutism, increased bruisability, psychological dysfunc-
tion, and osteoporosis (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11).

Patients with CD experience a significant clinical
burden due to comorbidities, increased mortality, and
impaired health-related quality of life (HRQoL) due to
prolonged exposure to elevated cortisol levels (3, 5, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20). In particular,

patients with CD often experience severe fatigue and
weakness, physical changes, emotional instability,
depression, and cognitive impairments, which have a
profound impact on daily life (13, 21).

Although there have been several consensus state-
ments published recently on the definition of remission,
diagnosis, and the management of CD, the severity and
diversityof the clinical scenario and associatedmorbidities
continue to present a management challenge (1, 22, 23).
Additionally, there is recent evidence of persistent
deleterious effects after remission, most notably persistent
elevated cardiovascular risk (3, 22). Themain objective of
the current literature review is to describe the current
burden of the disease and to summarize data on specific
aspects of this burden, which underscores the need for
improved diagnostic and therapeutic approaches.
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cardiovascular risk and managing the risk associated
with cardiovascular disease such as hypertension,
obesity, glucose intolerance, insulin resistance,
dyslipidemia, endothelial dysfunction, and the hyper-
coagulable state should be the important goals of
treatment for CD.

Hypertension Hypertension has been reported in
55–85% of patients with CD, with most cases being
mild to moderate (3, 12, 14, 22, 53). Hypertension
remits in a subset of patients (44–75%, Table 2)
after successful treatment but persists in w24–56%
(12, 14, 22), presumably due to microvessel remodeling
or concomitant underlying essential hypertension (54).
The duration of disease has been shown to be longer in
hypertensive patients (4.8G3.7 years) than in normo-
tensive (0.7G0.2 years) patients (22) and has been

identified as a significant risk factor in several studies
(54, 55). Older age and longer duration of hypertension
before treatment also negatively influenced the normal-
ization of high blood pressure after resolution of
hypercortisolism.

Hypercoagulopathy Patients with CD show various
abnormalities of hemostatic parameters and those with
active CD show an increased thrombotic tendency (56).
Increased cortisol levels stimulate the synthesis of
several clotting factors, such as fibrinogen by the liver
and von Willebrand factor by endothelial cells. Gluco-
corticoids also upregulate the synthesis of plasminogen
activator inhibitor type 1, the main inhibitor of the
fibrinolytic system (49). This hypercoagulability state is
a crucial factor predisposing CD patients to thromboem-
bolic events, mostly after surgery and during inferior

Table 2 Comorbidities, prevalence at diagnosis, and reversibility in patients with CD.

Morbidity Prevalence at diagnosis Reversibility

Hypertension 55–85% (12, 14, 22, 53) 18-Year follow-up: posttreatment 24% (12/49); diag-
nosis 55% (27/49) (14)

After 5 years’ cortisol normalization: CD 40% (6/15);
BMI-matched controls 20% (6/30) (3)

After 1 year’s cortisol normalization, hypertension was
reversed in 44% (12)

Less than 2 years after successful remission, 75% had
normalized BP (55)

IGT 21–64% (12, 14, 22, 53) 18-Year follow-up: posttreatment 4% (2/49); diagnosis
24% (12/49) (14)

After 5 years’ cortisol normalization: CD 27% (4/15);
BMI-matched controls 27% (8/30) (3)

Diabetes mellitus 20–47% (12, 14, 22, 53) 18-Year follow-up: posttreatment 18% (9/49); diag-
nosis 39% (19/49) (14)

After 5 years’ cortisol normalization: CD 33% (5/15);
BMI-matched controls 7% (2/30) (3)

After 1 year’s cortisol normalization, diabetes was
reversed in 40% of patients (12)

Overweight (BMI 25–30 kg/m2) 21–48% (12, 22, 53) After 5 years’ cortisol normalization: CD 33% (5/15);
sex- and age-matched controls 20% (6/30) (3)

Obesity (BMIO30 kg/m2) 32–41% (12, 22, 53) After 5 years’ cortisol normalization: CD 40% (6/15);
0 in controls (3)

After 1 year’s cortisol normalization, 38% were no
longer obese (12)

Dyslipidemia 38–71%a (22, 53) After 5 years’ cortisol normalization, the prevalence
was 27% (3)

Hypercoagulopathy/hemostatic
abnormalities

Hemostatic abnormalities (53.6%) (53) Adequate prophylaxis with anticoagulants can reverse
the prothrombotic state and greatly reduce the risk of
postoperative thromboembolic events (49)

Vascular morbidity (10%) (49)
VTE (incidence 2.5–3.1 per 1000 persons
per year) (57)

Kidney disease Nephrolithiasis: 50% (116) Prevalence in patients achieving remission 27% (116)
Osteoporosis/compression fractures Osteoporosis: 38–50% (6, 71) Only partially reversible 2 years after normalization of

cortisol levels (67)Fracturesb: 15.8% (71)
Major depression/psychopathologyc MDD/MD/MAD: 54–81% (10, 72, 73)

Overall psychopathology: 67% (5)
Atypical depression: 51.5% (5)

Prevalence of MD at 3 months: 54%;
at 6 months: 36%; at 12 months: 24% (5)

About 70% of patients fully recovered from their
depression (75)

Cognitive deficits/loss of brain volume Subjective loss of brain volume: 86% (80) Partially reversible (based on retrospective study in
38 patients only) (80)

BP, blood pressure; IGT, impaired glucose tolerance; MAD, major affective depression; MD, major depression; MDD, major depressive disorder; VTE, venous
thromboembolism.
aLipid profile abnormalities (combined increased cholesterol and triglycerides 25%).
bPituitary Cushing’s.
cPsychopathology includes atypical depression, major depressive disorder, and other psychiatric disorders.
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active CD show an increased thrombotic tendency (56).
Increased cortisol levels stimulate the synthesis of
several clotting factors, such as fibrinogen by the liver
and von Willebrand factor by endothelial cells. Gluco-
corticoids also upregulate the synthesis of plasminogen
activator inhibitor type 1, the main inhibitor of the
fibrinolytic system (49). This hypercoagulability state is
a crucial factor predisposing CD patients to thromboem-
bolic events, mostly after surgery and during inferior

Table 2 Comorbidities, prevalence at diagnosis, and reversibility in patients with CD.

Morbidity Prevalence at diagnosis Reversibility

Hypertension 55–85% (12, 14, 22, 53) 18-Year follow-up: posttreatment 24% (12/49); diag-
nosis 55% (27/49) (14)

After 5 years’ cortisol normalization: CD 40% (6/15);
BMI-matched controls 20% (6/30) (3)

After 1 year’s cortisol normalization, hypertension was
reversed in 44% (12)

Less than 2 years after successful remission, 75% had
normalized BP (55)

IGT 21–64% (12, 14, 22, 53) 18-Year follow-up: posttreatment 4% (2/49); diagnosis
24% (12/49) (14)

After 5 years’ cortisol normalization: CD 27% (4/15);
BMI-matched controls 27% (8/30) (3)

Diabetes mellitus 20–47% (12, 14, 22, 53) 18-Year follow-up: posttreatment 18% (9/49); diag-
nosis 39% (19/49) (14)

After 5 years’ cortisol normalization: CD 33% (5/15);
BMI-matched controls 7% (2/30) (3)

After 1 year’s cortisol normalization, diabetes was
reversed in 40% of patients (12)

Overweight (BMI 25–30 kg/m2) 21–48% (12, 22, 53) After 5 years’ cortisol normalization: CD 33% (5/15);
sex- and age-matched controls 20% (6/30) (3)

Obesity (BMIO30 kg/m2) 32–41% (12, 22, 53) After 5 years’ cortisol normalization: CD 40% (6/15);
0 in controls (3)

After 1 year’s cortisol normalization, 38% were no
longer obese (12)

Dyslipidemia 38–71%a (22, 53) After 5 years’ cortisol normalization, the prevalence
was 27% (3)

Hypercoagulopathy/hemostatic
abnormalities

Hemostatic abnormalities (53.6%) (53) Adequate prophylaxis with anticoagulants can reverse
the prothrombotic state and greatly reduce the risk of
postoperative thromboembolic events (49)

Vascular morbidity (10%) (49)
VTE (incidence 2.5–3.1 per 1000 persons
per year) (57)

Kidney disease Nephrolithiasis: 50% (116) Prevalence in patients achieving remission 27% (116)
Osteoporosis/compression fractures Osteoporosis: 38–50% (6, 71) Only partially reversible 2 years after normalization of

cortisol levels (67)Fracturesb: 15.8% (71)
Major depression/psychopathologyc MDD/MD/MAD: 54–81% (10, 72, 73)

Overall psychopathology: 67% (5)
Atypical depression: 51.5% (5)

Prevalence of MD at 3 months: 54%;
at 6 months: 36%; at 12 months: 24% (5)

About 70% of patients fully recovered from their
depression (75)

Cognitive deficits/loss of brain volume Subjective loss of brain volume: 86% (80) Partially reversible (based on retrospective study in
38 patients only) (80)

BP, blood pressure; IGT, impaired glucose tolerance; MAD, major affective depression; MD, major depression; MDD, major depressive disorder; VTE, venous
thromboembolism.
aLipid profile abnormalities (combined increased cholesterol and triglycerides 25%).
bPituitary Cushing’s.
cPsychopathology includes atypical depression, major depressive disorder, and other psychiatric disorders.
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Abstract

Objective: Cushing’s disease (CD) is a rare endocrine disorder characterized by excess secretion of
ACTH due to a pituitary adenoma. Current treatment options are limited and may pose additional
risks. A literature review was conducted to assess the holistic burden of CD.
Design: Studies published in English were evaluated to address questions regarding the
epidemiology of CD, time to diagnosis, health-related quality of life (HRQoL), treatment outcomes,
mortality, prevalence of comorbidities at diagnosis, and reversibility of comorbidities following the
treatment.
Methods: A two-stage literature search was performed in Medline, EMBASE, and Science Citation
Index, using keywords related to the epidemiology, treatment, and outcomes of CD: i) articles published
from 2000 to 2012 were identified and ii) an additional hand search (all years) was conducted on the
basis of bibliography of identified articles.
Results: At the time of diagnosis, 58–85% of patients have hypertension, 32–41% are obese, 20–47%
have diabetes mellitus, 50–81% have major depression, 31–50% have osteoporosis, and 38–71% have
dyslipidemia. Remission rates following transsphenoidal surgery (TSS) are high when performed by
expert pituitary surgeons (rates of 65–90%), but the potential for relapse remains (rates of 5–36%).
Although some complications can be partially reversed, time to reversal can take years. The HRQoL of
patients with CD also remains severely compromised after remission.
Conclusions: These findings highlight the significant burden associated with CD. As current treatment
options may not fully reverse the burden of chronic hypercortisolism, there is a need for both improved
diagnostic tools to reduce the time to diagnosis and effective therapy, particularly a targetedmedical therapy.

European Journal of Endocrinology 167 311–326

Introduction

Cushing’s disease (CD) is a rare condition caused by a
pituitary adenoma that secretes excess ACTH (1), which
promotes excess cortisol production from the adrenal
glands. Excess cortisol induces a clinical phenotype that
harbors all components of the metabolic syndrome,
such as central obesity, diabetes mellitus, dyslipidemia,
and hypertension, as well as muscle weakness,
hirsutism, increased bruisability, psychological dysfunc-
tion, and osteoporosis (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11).

Patients with CD experience a significant clinical
burden due to comorbidities, increased mortality, and
impaired health-related quality of life (HRQoL) due to
prolonged exposure to elevated cortisol levels (3, 5, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20). In particular,

patients with CD often experience severe fatigue and
weakness, physical changes, emotional instability,
depression, and cognitive impairments, which have a
profound impact on daily life (13, 21).

Although there have been several consensus state-
ments published recently on the definition of remission,
diagnosis, and the management of CD, the severity and
diversityof the clinical scenario and associatedmorbidities
continue to present a management challenge (1, 22, 23).
Additionally, there is recent evidence of persistent
deleterious effects after remission, most notably persistent
elevated cardiovascular risk (3, 22). Themain objective of
the current literature review is to describe the current
burden of the disease and to summarize data on specific
aspects of this burden, which underscores the need for
improved diagnostic and therapeutic approaches.
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cardiovascular risk and managing the risk associated
with cardiovascular disease such as hypertension,
obesity, glucose intolerance, insulin resistance,
dyslipidemia, endothelial dysfunction, and the hyper-
coagulable state should be the important goals of
treatment for CD.

Hypertension Hypertension has been reported in
55–85% of patients with CD, with most cases being
mild to moderate (3, 12, 14, 22, 53). Hypertension
remits in a subset of patients (44–75%, Table 2)
after successful treatment but persists in w24–56%
(12, 14, 22), presumably due to microvessel remodeling
or concomitant underlying essential hypertension (54).
The duration of disease has been shown to be longer in
hypertensive patients (4.8G3.7 years) than in normo-
tensive (0.7G0.2 years) patients (22) and has been

identified as a significant risk factor in several studies
(54, 55). Older age and longer duration of hypertension
before treatment also negatively influenced the normal-
ization of high blood pressure after resolution of
hypercortisolism.

Hypercoagulopathy Patients with CD show various
abnormalities of hemostatic parameters and those with
active CD show an increased thrombotic tendency (56).
Increased cortisol levels stimulate the synthesis of
several clotting factors, such as fibrinogen by the liver
and von Willebrand factor by endothelial cells. Gluco-
corticoids also upregulate the synthesis of plasminogen
activator inhibitor type 1, the main inhibitor of the
fibrinolytic system (49). This hypercoagulability state is
a crucial factor predisposing CD patients to thromboem-
bolic events, mostly after surgery and during inferior

Table 2 Comorbidities, prevalence at diagnosis, and reversibility in patients with CD.

Morbidity Prevalence at diagnosis Reversibility

Hypertension 55–85% (12, 14, 22, 53) 18-Year follow-up: posttreatment 24% (12/49); diag-
nosis 55% (27/49) (14)

After 5 years’ cortisol normalization: CD 40% (6/15);
BMI-matched controls 20% (6/30) (3)

After 1 year’s cortisol normalization, hypertension was
reversed in 44% (12)

Less than 2 years after successful remission, 75% had
normalized BP (55)

IGT 21–64% (12, 14, 22, 53) 18-Year follow-up: posttreatment 4% (2/49); diagnosis
24% (12/49) (14)

After 5 years’ cortisol normalization: CD 27% (4/15);
BMI-matched controls 27% (8/30) (3)

Diabetes mellitus 20–47% (12, 14, 22, 53) 18-Year follow-up: posttreatment 18% (9/49); diag-
nosis 39% (19/49) (14)

After 5 years’ cortisol normalization: CD 33% (5/15);
BMI-matched controls 7% (2/30) (3)

After 1 year’s cortisol normalization, diabetes was
reversed in 40% of patients (12)

Overweight (BMI 25–30 kg/m2) 21–48% (12, 22, 53) After 5 years’ cortisol normalization: CD 33% (5/15);
sex- and age-matched controls 20% (6/30) (3)

Obesity (BMIO30 kg/m2) 32–41% (12, 22, 53) After 5 years’ cortisol normalization: CD 40% (6/15);
0 in controls (3)

After 1 year’s cortisol normalization, 38% were no
longer obese (12)

Dyslipidemia 38–71%a (22, 53) After 5 years’ cortisol normalization, the prevalence
was 27% (3)

Hypercoagulopathy/hemostatic
abnormalities

Hemostatic abnormalities (53.6%) (53) Adequate prophylaxis with anticoagulants can reverse
the prothrombotic state and greatly reduce the risk of
postoperative thromboembolic events (49)

Vascular morbidity (10%) (49)
VTE (incidence 2.5–3.1 per 1000 persons
per year) (57)

Kidney disease Nephrolithiasis: 50% (116) Prevalence in patients achieving remission 27% (116)
Osteoporosis/compression fractures Osteoporosis: 38–50% (6, 71) Only partially reversible 2 years after normalization of

cortisol levels (67)Fracturesb: 15.8% (71)
Major depression/psychopathologyc MDD/MD/MAD: 54–81% (10, 72, 73)

Overall psychopathology: 67% (5)
Atypical depression: 51.5% (5)

Prevalence of MD at 3 months: 54%;
at 6 months: 36%; at 12 months: 24% (5)

About 70% of patients fully recovered from their
depression (75)

Cognitive deficits/loss of brain volume Subjective loss of brain volume: 86% (80) Partially reversible (based on retrospective study in
38 patients only) (80)

BP, blood pressure; IGT, impaired glucose tolerance; MAD, major affective depression; MD, major depression; MDD, major depressive disorder; VTE, venous
thromboembolism.
aLipid profile abnormalities (combined increased cholesterol and triglycerides 25%).
bPituitary Cushing’s.
cPsychopathology includes atypical depression, major depressive disorder, and other psychiatric disorders.
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of hypopituitarism, and (3) a risk of late recurrence after SR, 
as opposed to conventional radiotherapy.

It is well documented that pituitary radiation reduces the 
risk of tumor growth (facilitated by bilateral adrenalectomy) 
but not in all patients emphasizing the need for continued 
regular monitoring by MRI studies.

The main drawbacks of both procedures are the slow 
onset of a beneficial effect, which requires effective antise-
cretory drugs during this period, the risk of hypopituitarism, 
and the potential for damage to the brain, optic apparatus or 
cranial nerves.17 The risk of second tumor formation after 
pituitary radiation is considered to be in the range of 1%–2% 
with conventional radiotherapy.22 Studies with a more pro-
longed follow-up will be necessary for defining the risk of 
second tumor after SR. The reports19,23 of development of 
cranial nerve deficit and visual loss after a second SR treat-
ment suggest caution in repeating this procedure.

Bilateral adrenalectomy
Bilateral adrenalectomy is a definitive treatment that 
provides immediate control of hypercortisolism, and the 
morbidity can be minimized by the use of endoscopic 
approaches. However, since it determines a condition of 
permanent hypoadrenalism, it requires careful education 
and evaluation of the patient relatively to the need for 
lifelong glucocorticoid and mineralocorticoid replacement 
therapy.24 Moreover, because of the risk of developing 
Nelson syndrome, a corticotroph tumor progression, MRI 
scans, and ACTH evaluation have to be performed regularly 
in adrenalectomized patients.25

The second-line treatment for persistent hypercorti-
solism should be individualized but, generally, bilateral 
adrenalectomy may be indicated in patients with persistent 
hypercortisolism despite medical therapy or with intolerance 
to pharmacological agents or as an alternative to long-term 
medical treatment after pituitary radiotherapy and finally in 
women who wish to maintain fertility.9

Medical management of CD
At odds to other pituitary adenomas such as prolactinomas26 
or growth hormone (GH)-secreting adenomas27 in which 
medical treatment has historically or more recently gained 
a significant space, in CD, medical treatment is tradition-
ally thought to have a marginal role. Nevertheless, there 
are numerous circumstances in which medical treatment of 
CD may be indicated. In fact, medical therapy is performed 
frequently before surgery to reduce the anesthesiological risk 
of the procedure, controlling the metabolic effects of severe 

hypercortisolism in analogy to what is done in the patients 
with acromegaly.28 Moreover, in patients in whom surgery 
has failed to control the disease, medical management is 
often essential to reduce or normalize hypercortisolemia, 
and should be performed before considering bilateral adrena-
lectomy. Medical therapy can also be useful in patients 
with CD while waiting for the complete effect of pituitary 
radiotherapy (that may take up to 10 years or even more). 
Finally, it is helpful as a palliative modality in rare CD 
patients with metastatic disease that is more common with 
cortisol-secreting adrenal cancer.29

Several drugs may affect adrenal function. They can be 
schematically divided into two types: adrenolytic agents 
and neuromodulatory agents (Tables 1 and 2). Of these, the 
former are still the most successful and therefore widely 
used, whereas the latter agents are currently undergoing 
active research.

Adrenolytic agents
Ketoconazole
Ketoconazole is an imidazole derivative, which was originally 
developed as an oral antifungal agent. It is an inhibitor of 
sex-steroid and cortisol production by its action on C17–20 
lyase and 11betahydroxylase, respectively. It also inhibits 
17-hydroxylase and 18-hydroxylase activities.30 Treatment is 
usually started at a dose of 200 mg twice daily, which may be 
increased up to 1,200 mg/d in four divided daily doses.31–33

Efficacy

The clinical signs and symptoms of hypercortisolism, includ-
ing hypertension, hypokalemia, and diabetes mellitus are 
rapidly reversed, so antihypertensive and hypoglycemic drugs 
can often be discontinued. A meta-analysis of eight trials, 
involving different series of patients with CD treated with 
ketoconazole (dose range 400–1,200 mg daily), reported an 
average remission rate of 70% (range, 25%–93%).34

Side effects
Reversible elevation of hepatic serum transaminases occurs 
in approximately 5%–10% of patients, with incidence of 
serious hepatic injury in approximately 1 of 15,000 cases. 
Histological changes can vary from predominantly cholesta-
sis to extensive hepatocellular necrosis. Other adverse effects 
include skin rashes and gastrointestinal upset, and one must 
always be aware of the possibility to cause adrenal insufficien-
cy.35 Owing to its sex-steroid inhibitory action, ketoconazole 
is particularly useful in women with hirsutism, which may be 
worsened by metyrapone. On the other hand, gynecomastia 
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Abstract: Endogenous Cushing syndrome is an endocrine disease caused by excessive 
secretion of adrenocorticotropin hormone in approximately 80% of cases, usually by a pituitary 
corticotroph adenoma (Cushing disease [CD]). It is a heterogeneous disorder requiring a 
multidisciplinary and individualized approach to patient management. The goals of treatment 
of CD include the reversal of clinical features, the normalization of biochemical changes with 
minimal morbidity, and long-term control without recurrence. Generally, the treatment of 
choice is the surgical removal of the pituitary tumor by transsphenoidal approach, performed 
by an experienced surgeon. Considering the high recurrence rate, other treatments should be 
considered. Second-line treatments include more radical surgery, radiation therapy, medical 
therapy, and bilateral adrenalectomy. Drug treatment has been targeted at the hypothalamic or 
pituitary level, at the adrenal gland, and also at the glucocorticoid receptor level. Frequently, 
medical therapy is performed before surgery to reduce the complications of the procedure, 
reducing the effects of severe hypercortisolism. Commonly, in patients in whom surgery has 
failed, medical management is often essential to reduce or normalize the hypercortisolemia, and 
should be attempted before bilateral adrenalectomy is considered. Medical therapy can be also 
useful in patients with CD while waiting for pituitary radiotherapy to take effect, which can take 
up to 10 years or more. So far, results of medical treatment of CD have not been particularly 
relevant; however, newer tools promise to change this scenario. The aim of this review is to 
analyze the results and experiences with old and new medical treatments of CD and to reevaluate 
medical therapies for complications of CD and hypopituitarism in patients with cured CD.
Keywords: ketoconazole, somatostatin analogs, dopamine agonists, rosiglitazone, Cushing 
disease, glucocorticoids, hypopituitarism

Introduction
Endogenous Cushing syndrome is an endocrine disease caused by excessive secretion 
of adrenocorticotropin hormone (ACTH) in approximately 80% of cases, usually by a 
pituitary corticotroph adenoma (Cushing disease [CD]), less often by an extrapituitary 
tumor (ectopic ACTH syndrome), and very rarely by an ectopic corticotropin-releasing 
hormone – secreting tumor. ACTH-independent Cushing syndrome, accounting for 
about 20%, is due in most instances to an adrenal tumor, or more rarely, macronodular 
adrenal hyperplasia, primary pigmented nodular adrenal disease (either as isolated 
disease or as a part of Carney complex), or McCune–Albright syndrome.1,2

In CD, elevated ACTH secretion results in excess adrenal gland cortisol secretion. 
The normal cortisol feedback mechanism of the hypothalamic-pituitary-adrenal axis 
is disturbed, with loss of circadian rhythm and excess cortisol production, resulting 
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Abstract: Endogenous Cushing syndrome is an endocrine disease caused by excessive 
secretion of adrenocorticotropin hormone in approximately 80% of cases, usually by a pituitary 
corticotroph adenoma (Cushing disease [CD]). It is a heterogeneous disorder requiring a 
multidisciplinary and individualized approach to patient management. The goals of treatment 
of CD include the reversal of clinical features, the normalization of biochemical changes with 
minimal morbidity, and long-term control without recurrence. Generally, the treatment of 
choice is the surgical removal of the pituitary tumor by transsphenoidal approach, performed 
by an experienced surgeon. Considering the high recurrence rate, other treatments should be 
considered. Second-line treatments include more radical surgery, radiation therapy, medical 
therapy, and bilateral adrenalectomy. Drug treatment has been targeted at the hypothalamic or 
pituitary level, at the adrenal gland, and also at the glucocorticoid receptor level. Frequently, 
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medical therapies for complications of CD and hypopituitarism in patients with cured CD.
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Introduction
Endogenous Cushing syndrome is an endocrine disease caused by excessive secretion 
of adrenocorticotropin hormone (ACTH) in approximately 80% of cases, usually by a 
pituitary corticotroph adenoma (Cushing disease [CD]), less often by an extrapituitary 
tumor (ectopic ACTH syndrome), and very rarely by an ectopic corticotropin-releasing 
hormone – secreting tumor. ACTH-independent Cushing syndrome, accounting for 
about 20%, is due in most instances to an adrenal tumor, or more rarely, macronodular 
adrenal hyperplasia, primary pigmented nodular adrenal disease (either as isolated 
disease or as a part of Carney complex), or McCune–Albright syndrome.1,2

In CD, elevated ACTH secretion results in excess adrenal gland cortisol secretion. 
The normal cortisol feedback mechanism of the hypothalamic-pituitary-adrenal axis 
is disturbed, with loss of circadian rhythm and excess cortisol production, resulting 
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USHING disease, which is induced by a functional
ACTH-producing adenoma of the anterior pituitary
gland, is the most common cause of ACTH-depen-

dent Cushing syndrome. The treatment of Cushing disease
remains challenging for neurosurgeons and endocrinolo-
gists. Transsphenoidal surgery is currently the treatment of
choice in patients who harbor ACTH-secreting pituitary
tumors associated with Cushing disease. This surgery pro-
vides the best option for rapid biochemical remission with
excellent long-term results. Remission rates after trans-
sphenoidal resection performed by experienced surgeons
have ranged from approximately 70 to 90%.3,9,15,17,26,37,38,42,

47,54 Long-term follow-up with biochemical testing is nec-
essary to detect tumor recurrence because remission rates
decline with longer follow-up periods.14,16 Although many
patients achieve complete remission, these tumors are dif-
ficult to cure surgically, and some patients may exhibit per-
sistent or recurrent hypersecretion of ACTH and hypercor-
tisolism resulting in increased morbidity and death related

to their malignant endocrinopathy. Unfortunately, the re-
sults of endocrinological analyses after transsphenoidal
surgery vary in the literature because different definitions
of a biochemical cure are given in the various studies. 

If biochemical evidence of Cushing disease persists or
recurs after an initial transsphenoidal surgery, the surgeon
should be familiar with the treatment options available to
offer the patient, including repeat transsphenoidal surgery,
radiation therapy, medical therapy, and bilateral adrenalec-
tomy. A multimodal approach using a combination of these
treatments may be an appropriate strategy in some patients
to achieve the best outcome. For optimal results, a multi-
disciplinary team approach should be coordinated at a spe-
cialized center. In this paper, we provide an overview of the
management options available after unsuccessful trans-
sphenoidal surgery and review the current outcome data for
each option based on results reported in the literature.

Repeat Transsphenoidal Surgery
As indicated earlier, transsphenoidal surgical removal of

ACTH-producing pituitary adenomas is currently recom-
mended as the first-line treatment for Cushing disease. The
reported rates of remission are variable because of the wide
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Treatment options for Cushing disease after unsuccessful
transsphenoidal surgery
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!Cushing disease is considered an aggressive pituitary endocrinopathy because of the devastating effects from untreat-
ed hypercortisolemia. Although they are histologically benign, these adrenocorticotropic hormone (ACTH)-secreting
pituitary tumors are associated with significant morbidity and premature death. Currently, transsphenoidal surgery is
the primary treatment of Cushing disease associated with an ACTH-secreting pituitary tumor, resulting in remission
rates ranging from about 50 to 90%. Some patients, however, will not achieve sustained remission after transsphe-
noidal surgery and can exhibit persistent or recurrent Cushing disease that requires multimodal treatment to achieve
remission. In these patients, options for treatment include repeat transsphenoidal resection, radiation therapy (includ-
ing conventional fractionated radiation therapy and stereotactic radiosurgery), and medical therapy. Despite undergo-
ing multiple treatment modalities, some patients may ultimately require bilateral adrenalectomy for definitive treat-
ment to eliminate hypercortisolemia associated with Cushing disease. In this article, the authors review the treatment
options for patients who have persistent or recurrent Cushing disease after unsuccessful transsphenoidal surgery. The
indications, current results reported in the literature, and complications of each treatment modality are discussed.
(DOI: 10.3171/FOC-07/09/E8) 
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RANSSPHENOIDAL excision of tumors producing
ACTH is the optimum treatment for Cushing dis-
ease, with cure rates typically approaching 80%.19,28

At times, subtotal hypophysectomy (85–90%) is used in
patients without clearly identifiable adenomas. Nonsurgical
approaches are advocated in patients with incompletely
resected pituitary macroadenomas or carcinomas, patients
with adenomas and multiple medical issues precluding
surgery, and patients with adenomas wishing to preserve
fertility. Whereas medical therapy has been used preopera-
tively, it can also be employed alone or as an adjunct to
radiotherapy in such nonsurgical candidates and in those in
whom surgical and/or radiation treatment has failed. Unfor-
tunately, such an approach generally requires life-long use
of the medications unless adjunctive radiotherapy has been
given. Three pharmacological approaches have been at-

tempted—one involving neuromodulatory compounds
aimed at limiting pituitary ACTH secretion, another
involving glucocorticoid receptor antagonists such as
mifepristone, and another involving adrenal enzyme
inhibitors. 

Medical Management of Cushing Disease
Attempts with neuromodulatory compounds such as

bromocriptine, cyproheptadine, octreotide, and valproate
have yielded only marginal results.4,12,18 Among these
agents, bromocriptine has had the highest documented
response rate—slightly less than 25%,16 potentially attrib-
utable to the fact that some ACTH-secreting neoplasms
express D2 receptors.22,23 Additionally, despite promising
results in animals, rosiglitazone did not prove useful in the
management of Cushing disease in humans.9

High-dose mifepristone, a well-known abortifacient
(known as RU486) and competitive antagonist to gluco-
corticoids, remains in its infancy in its utility in Cushing
disease. Given this agent’s mechanism of action, efficacy
must essentially be judged by clinical response rather than
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!Although transsphenoidal excision of the adrenocorticotropic hormone (ACTH)–producing neoplasm is often the
treatment of choice in patients with Cushing disease, medical management is itself a useful preoperative temporizing
measure, an option for long-term management in nonsurgical candidates, and an option for patients in whom surgery
and/or radiotherapy have failed. Three pathophysiologically based approaches exist in the research literature—neuro-
modulation to limit ACTH levels, adrenal enzyme inhibition, and glucocorticoid receptor antagonism. Unfortunately,
the neuromodulatory approach involving agents such as bromocriptine, cyproheptadine, octreotide, and valproate has
yielded only suboptimal results. Glucocorticoid receptor antagonism remains in its infancy but may overall be limited
by side effects and a resultant increase in ACTH and cortisol levels. Adrenal enzyme inhibitors, however, offer sub-
stantial future promise in the management of Cushing disease but are limited by the potential need to use them indef-
initely and by dose-tolerance effects.

Although etomidate is a potential intravenous alternative for acute cortisol level control, ketoconazole has shown
efficacy in the long-term treatment of patients with the disease. Metyrapone and/or aminoglutethimide can be added
to ketoconazole if additional control is needed. If success is still not achieved, the potent adrenolytic agent often used
for adrenocortical carcinomas, mitotane, is another alternative. (DOI: 10.3171/FOC-07/09/E10)
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Abstract: Endogenous Cushing syndrome is an endocrine disease caused by excessive 
secretion of adrenocorticotropin hormone in approximately 80% of cases, usually by a pituitary 
corticotroph adenoma (Cushing disease [CD]). It is a heterogeneous disorder requiring a 
multidisciplinary and individualized approach to patient management. The goals of treatment 
of CD include the reversal of clinical features, the normalization of biochemical changes with 
minimal morbidity, and long-term control without recurrence. Generally, the treatment of 
choice is the surgical removal of the pituitary tumor by transsphenoidal approach, performed 
by an experienced surgeon. Considering the high recurrence rate, other treatments should be 
considered. Second-line treatments include more radical surgery, radiation therapy, medical 
therapy, and bilateral adrenalectomy. Drug treatment has been targeted at the hypothalamic or 
pituitary level, at the adrenal gland, and also at the glucocorticoid receptor level. Frequently, 
medical therapy is performed before surgery to reduce the complications of the procedure, 
reducing the effects of severe hypercortisolism. Commonly, in patients in whom surgery has 
failed, medical management is often essential to reduce or normalize the hypercortisolemia, and 
should be attempted before bilateral adrenalectomy is considered. Medical therapy can be also 
useful in patients with CD while waiting for pituitary radiotherapy to take effect, which can take 
up to 10 years or more. So far, results of medical treatment of CD have not been particularly 
relevant; however, newer tools promise to change this scenario. The aim of this review is to 
analyze the results and experiences with old and new medical treatments of CD and to reevaluate 
medical therapies for complications of CD and hypopituitarism in patients with cured CD.
Keywords: ketoconazole, somatostatin analogs, dopamine agonists, rosiglitazone, Cushing 
disease, glucocorticoids, hypopituitarism

Introduction
Endogenous Cushing syndrome is an endocrine disease caused by excessive secretion 
of adrenocorticotropin hormone (ACTH) in approximately 80% of cases, usually by a 
pituitary corticotroph adenoma (Cushing disease [CD]), less often by an extrapituitary 
tumor (ectopic ACTH syndrome), and very rarely by an ectopic corticotropin-releasing 
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 Introduction 

 Cushing’s syndrome (CS) is traditionally divided into 
adrenocorticotropin (ACTH)-dependent CS and ACTH-
independent CS. ACTH-dependent CS is usually caused 
by a corticotropic pituitary adenoma and rarely by ecto-
pic ACTH production by a neuroendocrine tumor. 
ACTH-independent CS is caused by an adrenal adenoma, 
adrenal carcinoma or bilateral adrenal hyperplasia. At 
present, surgery is the first-line treatment modality for 
CS, irrespective of its cause, in order to achieve bio-
chemical cure  [1] . However, if surgery fails or is contrain-
dicated, hypercortisolism is treated medically. Medical 
treatment of CS can be divided into three groups: (1) ad-
renal-blocking drugs; (2) neuromodulatory drugs, e.g. 
somatostatin analogs, dopamine agonists, and (3) gluco-
corticoid receptor-blocking agents, e.g. mifepristone  [1, 
2] . Among these drugs, adrenal-blocking drugs are wide-
ly used and their indications, efficacy and adverse event 
profiles are discussed in this overview.

  Indications for Medical Therapy 

 Depending on the cause of CS various indications 
 exist for medical therapy to treat hypercortisolism ( ta-
ble 1 ).

 Key Words 
  Cushing’s syndrome  !  Medical treatment  !  Adrenal blocking 
drugs    

 Abstract 
 Cushing’s syndrome is associated with serious morbidity 
and increased mortality. Irrespective of its cause, i.e. a pitu-
itary adenoma, ectopic ACTH production or an adrenal neo-
plasia, Cushing’s syndrome is primarily treated surgically. 
However, when surgery is unsuccessful or contraindicated, 
medical therapy is needed to treat hypercortisolism. The 
spectrum of available drugs includes adrenal-blocking 
agents, neuromodulatory drugs and glucocorticoid receptor 
antagonists. Adrenal blocking drugs suppress adrenal corti-
sol production via inhibition of steroidogenic enzymes. Ke-
toconazole and metyrapone are most frequently used for 
this purpose, but chronic treatment with these drugs can be 
limited by side effects like hepatotoxicity (ketoconazole) and 
increased androgen and mineralocorticoid production (me-
tyrapone). Etomidate can be used to rapidly reverse cortisol 
excess in patients with acute complications of (severe) hy-
percortisolism like psychosis. In Cushing’s disease, combina-
tion therapy with drugs that target the corticotropic adeno-
ma, i.e. the universal somatostatin analogue pasireotide 
and/or the dopamine agonist cabergoline, and low-dose ke-
toconazole seems a rational approach to achieve biochemi-
cal control.  Copyright © 2010 S. Karger AG, Basel 
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REVIEW
THERAPY IN ENDOCRINE DISEASE

Etomidate in the management of hypercortisolaemia in
Cushing’s syndrome: a review
Veronica A Preda1,2, Jonathan Sen1, Niki Karavitaki1 and Ashley B Grossman1
1Department of Endocrinology, Oxford Centre for Diabetes Endocrine and Metabolism, Churchill Hospital, Oxford OX3 7LJ, UK and 2University of Sydney,
Royal North Shore Hospital, St Leonards Sydney NSW 2065, Australia

(Correspondence should be addressed to A B Grossman; Email: ashley.grossman@ocdem.ox.ac.uk)

Abstract

This review addresses the practical usage of intravenous etomidate as a medical therapy in Cushing’s
syndrome. We reviewed the relevant literature, using search terms ‘etomidate’, ‘Cushing’s syndrome’,
‘adrenocortical hyperfunction’, ‘drug therapy’ and ‘hypercortisolaemia’ in a series of public databases.
There is a paucity of large randomised controlled trials, and data on its use rely only on small series,
case study reports and international consensus guideline recommendations. Based on these, etomidate
is an effective parenteral medication for the management of endogenous hypercortisolaemia,
particularly in cases with significant biochemical disturbance, sepsis and other serious complications
such as severe psychosis, as well as in preoperative instability. We suggest treatment protocols for the
safe and effective use of etomidate in Cushing’s syndrome.

European Journal of Endocrinology 167 137–143

Introduction

Endogenous Cushing’s syndrome results from excessive
glucocorticoid production with a failure of the normal
negative feedback effect on the hypothalamo-pituitary–
adrenal axis. It is traditionally divided into ACTH-
dependent and ACTH-independent Cushing’s syn-
drome. In the majority of cases, it is caused by an
adenoma in the pituitary gland secreting ACTH
hormone (Cushing’s disease), more rarely due to
ACTH secretion by an ectopic source; of the adrenal
causes, these are usually adrenal adenomas or carci-
nomas, with a small group due to bilateral adrenal
hyperplasia (1). Detailed biochemical and imaging
paradigms have been designed to diagnose the presence
of Cushing’s syndrome and to differentially identify
ACTH dependence or independence and the precise
pathology. If untreated, there is significant morbidity
and potential mortality related to life-threatening
infections, diabetes mellitus, hypertension and an
increased risk associated with surgery.

For Cushing’s disease, surgical removal of the
pituitary tumour is the usual first-line therapy, with
radiotherapy reserved for surgical failure, or occasion-
ally bilateral adrenalectomy. Laparoscopic adrenalect-
omy is highly effective in the ectopic ACTH syndrome
(2) and occasionally in Cushing’s disease, but its use
may cause unnecessary or inappropriate delay. Patients
should be referred in a timely fashion to a facility where

appropriate laparoscopic surgical expertise exists.
Earlier planned surgical intervention may be a means
of resolving hypercortisolaemia, although even with
modern techniques preoperative lowering of the
hypercortisolaemia may be important. However, there
is still a widespread requirement for medical therapy.
In the first instance, severe biochemical disturbance
(e.g. hypokalaemia), immunosuppression and/or men-
tal instability may need immediate and life-saving
cortisol-lowering therapy, while following radiotherapy,
medical therapy may be necessary whilst waiting for the
treatment to become effective. In some cases, surgical
cure is impossible and management with drugs able to
lower cortisol may be needed in the short term or even
in the long term (1, 3).

The medical therapy of hypercortisolaemia in Cush-
ing’s syndrome is predominantly based on the inhi-
bition of adrenal steroidogenesis at one or more
enzymatic sites, or alternatively by antagonism of the
glucocorticoid receptor or the suppression of ACTH.
Oral therapy with ketoconazole and metyrapone are the
most frequent steroidogenic enzyme inhibitors cur-
rently in use, but these agents are not always well
tolerated. Ketoconazole is associated with disturbances
of hepatic function, while metyrapone may cause
nausea independent of its cortisol-lowering activity
and thus large doses cannot be taken, and accumu-
lation of androgenic precursors may be problematic (4).
Occasional patients may need to be treated with the

European Journal of Endocrinology (2012) 167 137–143 ISSN 0804-4643
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 Medical Treatment of Cushing’s 
Syndrome: Glucocorticoid Receptor 
Antagonists and Mifepristone 
 Frederic Castinetti    Bernard Conte-Devolx    Thierry Brue  
 Service d’endocrinologie, diabète et maladies métaboliques, et Centre de référence des maladies rares d’origine 
hypophysaire DEFHY, Hôpital de la Timone,  Marseille , France 

able prospective cohort of patients on mifepristone, and the 
scarcity of data on its long-term effects, does not allow rec-
ommending it as a first-line drug in the treatment of hyper-
cortisolism. However, as mifepristone is a rapidly effective 
drug, it can play a role in the management of hypercorti-
solism. The main indication is the partial efficacy or bad tol-
erance of other well-known anticortisolic drugs, either by re-
placement (bad tolerance, lack of effectiveness) or addition 
(multimodal approach) of mifepristone. 

 Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 Cushing’s syndrome can be caused by adrenal, pitu-
itary or ectopic tumors. Surgery remains the first-line 
treatment, and can be followed by pituitary irradiation or 
bilateral adrenalectomy if necessary. Medical manage-
ment remains, however, of major interest when surgery is 
impossible, in preparation for surgery, or when surgery is 
partially effective. The efficacy of usual anticortisolic 
drugs (ketoconazole, metyrapone, mitotane, etc.) is not 
constant and may be limited by their poor tolerance  [1, 2] . 
Mifepristone, a glucocorticoid receptor antagonist ini-
tially considered as a so-called ‘contragestive’ pill, may 
represent an alternative  [3] . Our recent European collab-
orative retrospective study  [3]  allowed to discuss the po-

 Key Words 
 Cushing’s disease  !  Anticortisolic drug  !  Ectopic ACTH 
secretion  !  Adrenal carcinoma  !  Bilateral adrenal 
hyperplasia  !  Glucocorticoid receptor antagonist 

 Abstract 
 Mifepristone is the first and only available glucocorticoid re-
ceptor antagonist. It was initially mainly considered as a so-
called ‘contragestive’ pill due to its antiprogestin activity. In 
this review, we summarize the results of mifepristone report-
ed in the literature as a treatment of Cushing’s syndrome. 
Most of the patients were treated due to unsuccessful sur-
gery and/or partially effective anticortisolic drugs. The ma-
jority of them presented a rapid decrease of clinical signs of 
hypercortisolism during the first month of treatment; about 
half experienced a reduction in their elevated blood pres-
sure, and half of the diabetic patients presented improved 
blood glucose levels. Mifepristone treatment has 2 main 
drawbacks: (1) the blockade of glucocorticoid receptors 
leads to increased ACTH and cortisol levels, making it diffi-
cult to adapt the treatment and diagnose adrenal deficien-
cy, and (2) increased cortisol levels can also lead to severe 
hy pokalemia. Follow-up of efficacy should only be clinical 
(weight, blood pressure, skin lesions) and biological (regular 
blood potassium sampling). Dose adjustment will be per-
formed based on these parameters. The lack of a large avail-
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  indicazione	  al	  prosieguo	  della	  terapia	  medica	  in	  caso	  di	  successo	  

	  
  interferenza	  con	  le	  comorbidità	  indo/e	  dall’eccesso	  di	  steroidi	  circolan5	  	  

  interazione	  con	  altri	  farmaci	  somministra5	  per	  le	  complicanze	  




