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Introduction

Cushing’s disease (CD) is caused by an adrenocorticotropic 
hormone (ACTH)-producing pituitary adenoma and is the 
most common cause of endogenous Cushing’s syndrome [1, 
2]. The annual incidence of CD is 1.5/million, and the prev-
alence is 57 cases per million, with a female predominance 
[3, 4]. Despite its rare occurrence, the disorder is associ-
ated with commonly encountered comorbidities including 
hypertension, obesity, dyslipidemia, atherosclerosis, hyper-
coagulability, osteoporosis and fractures, impaired glucose 
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Abstract
Purpose  A recent update of consensus guidelines for the management of Cushing’s disease (CD) included indications for 
medical therapy. However, there is limited evidence regarding their implementation in clinical practice. This study aimed to 
evaluate current medical therapy approaches by expert pituitary centers through an audit conducted to validate the criteria of 
Pituitary Tumors Centers of Excellence (PTCOEs) and provide an initial standard of medical care for CD.
Methods  Based on the activities of nine international PTCOEs between 2018 and 2020, we evaluated patients under medical 
treatment and their biochemical control rates.
Results  The median number of active patients with CD per center was 117 (35–279), with a median number of 10 new 
patients with CD managed annually in the endocrinology units of PTCOEs (4–42). The median percentage of patients with 
CD receiving medical treatment was 13.3% (4.8–82.9). Ketoconazole was the most frequently used drug, with a median rate 
of usage of 26.5% (5-66.7) of those receiving medical therapy. The median rates of metyrapone and pasireotide use were 
17.2% (0–50) and 9.3% (0-51.7), respectively. For cabergoline and osilodrostat, therapy, the median rates of use were 2.8% 
(0-33.3), and 1.7% (0–25), respectively. Combination therapy was reported to be utilized in 13.6% (0-45.5) of medically 
treated patients. Mifepristone was used in a single center, representing 1.1% of its medically treated patients. Overall, the 
median control rate in patients with CD receiving medical treatment was 75% (10–100).
Conclusion  Adrenal steroidogenesis inhibitors were the most commonly used medications amongst the centers. Despite the 
use of combination therapy, up to 25% of patients did not achieve disease control even in PTCOEs, highlighting the need for 
either more efficient combination therapies or novel therapeutic options.
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metabolism, and immune and growth suppression [5–13]. 
Higher mortality rates reported in CD, mainly due to car-
diovascular causes, were associated with persistent disease 
[14]. However, long-term sequelae of hypercortisolism 
may persist even years after successful CD treatment [15]. 
Hence, prompt diagnosis and management of the disease are 
essential to optimize patient outcomes [1]. The treatment 
goal is to achieve disease remission and long-term control 
ideally without occurrence of hypopituitarism [16]. The 
recommended first-line therapy is selective transsphenoidal 
surgical resection of the ACTH-secreting adenoma. Remis-
sion rates after surgery are dependent on surgeon expertise 
and may reach 83% for microadenomas and 68% for mac-
roadenomas in PTCOEs [4]. A significant subset of adeno-
mas is so small that they are not visible on high-quality 
imaging. Although surgical exploration after confirmation 
by bilateral inferior petrosal sinus sampling or corticotro-
pin-releasing hormone/ high-dose (8  mg) dexamethasone 
suppression test is the first-line, medical treatment is an 
alternative option [1]. An expert endocrinologist is essential 
for personalized first and second-line treatment, including 
management of medical treatment and replacement, screen-
ing for recurrences and endocrine monitoring required after 
bilateral adrenalectomy, and radiation therapy. Current 
guidelines recommend that patients with CD should be fol-
lowed in specialized PTCOEs wherever possible [1, 17–20].

Medical treatment options include steroidogenesis 
inhibitors (ketoconazole, metyrapone, osilodrostat, mito-
tane, etomidate), which block one or more steps in adrenal 
cortisol synthesis, pituitary targeted agents (cabergoline, 
pasireotide), which suppress ACTH secretion, and a glu-
cocorticoid receptor antagonist, mifepristone [21, 22]. The 
recent development and approval of novel drugs achieving 
improved control rates have enhanced the increased role of 
medical management in CD. However, studies have been 
limited to clinical trials, especially for novel drugs, and 
real-world clinical practice data are limited [23]. Recent 
guidelines suggest adrenal steroidogenesis inhibitors as the 
first-line option due to longer experience with these drugs 
and their rapid action [1]. Personalizing treatment is a sine 
qua non, as determined by clinical CD features, to optimize 
outcomes including morbidity, mortality, and quality of life. 
In addition, a balance between long-term efficacy, cost, and 
side effects of therapy should be maintained [1, 22]. To date, 
there have not been reports of real-world medical treatment 
approaches and their efficacy in CD patients followed in 
PTCOEs.

The requirements for PTCOEs designation [17] were 
recently validated by assessing the activity of high volume 
globally recognized tertiary pituitary centers [24]. The aim 
of this study was to evaluate medical treatment approaches 
and their outcomes in centers that fulfilled the definition of 

PTCOEs, through previously collected data, to provide a 
real-life perspective on standards of CD medical care, as 
recently reported for acromegaly [25].

Methods

The study design has been described previously in detail 
[24, 25]. Nine centers across the world chosen by an expert 
scientific evaluating board and fulfilling PTCOE criteria 
volunteered to participate [24].

Surveyed centers were asked to provide number of 
patients with CD under active medical treatment. More-
over, centers were asked to report the number of medically 
treated patients in whom biochemical control was achieved 
according to current guidelines [20, 26]. Detailed medical 
treatment information were supplied by eight of nine partici-
pating centers. Results were reported as total and percentage 
or as median (min-max). Microsoft Excel, SPSS (version 
27), and GraphPad Prism 10 were used for analysis.

Results

The median number of patients with CD per center was 117 
(35–279). The median number of new patients with CD 
managed annually in the PTCOE endocrinology units was 
10 (4–42).

Distribution of patients on medical treatment

13.3% of patients received medical treatment (median; 
range: 4.8–82.9). Surveyed centers reported a median of 15 
medically treated CD patients per center (range: 3 to 100) 
[24]. Centers provided no data on mitotane treatment. Mife-
pristone was used in one patient at a single US center. When 
data on CD patients under medical treatment were analyzed, 
ketoconazole was the most frequently used drug, with a 
median rate of 26.5% (range: 5-66.7), (number of patients 
treated ranging from 1 to 30). Median rates for metyrapone 
and pasireotide use were 17.2% (0–50) and 9.3% (range: 
0-51.7), (number of patients treated ranging from 0 to 24 
and from 0 to 15, respectively). For cabergoline and osilo-
drostat, median rates of use were 2.8% (range: 0-33.3) and 
1.7% (range: 0–25), (number of patients treated ranging 
from 0 to 8 and from 0 to17, respectively). Combination 
therapy was utilized with a median rate of 13.6% (range: 
0-45.5), (number of patients treated ranging from 0 to 40) 
(Fig. 1).

Pasireotide and metyrapone therapies were provided in 6 
centers with a median rate of use of 18.8% (range: 4.5–51.7) 
and 29.5% (range: 5.7–50) in those centers, respectively. 
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Data on osilodrostat and cabergoline were available for 4 
centers, which used them at median rates of 18.5% (range: 
3.4–25) and 9.2% (range: 5.7–33.3), respectively. Five cen-
ters reported the use of combination therapy, with a median 
rate of 25% (range:10-45.5). The only patient given mife-
pristone in a single center represented 1.1% of its medically 
treated population. (Fig. 2).

Control rates of patients receiving medical 
treatment

As reported [24], the overall median control rate of CD 
patients receiving medical treatment was 75% (10–100). 
The median biochemical control rate of ketoconazole pro-
vided by 7 centers was 76% (range: 20–100). Biochemical 
control rates with pasireotide and metyrapone, available 
from 5 centers, were 80% (range: 50–100) and 60% (range: 
10–80), respectively. Rate of biochemical control with cab-
ergoline varied between 40% in one center (5 patients) to 
100% in another center (one patient), with a total median 

control rate of 90%, according to data provided by 3 centers 
(analysis limited by low patient numbers). The rate of bio-
chemical control with osilodrostat and combination therapy 
provided by 4 centers were 65% (range: 33–100) and 73.8% 
(range: 50–100), respectively (Fig. 3).

Discussion

This study evaluated the medical treatment approaches used 
by internationally recognized PTCOEs for patients with 
CD. Medications for CD treatment are classified as adrenal 
steroidogenesis inhibitors, pituitary-targeted, and peripheral 
glucocorticoid receptor-targeted [23]. Adrenal steroidogen-
esis inhibitors are usually the first choice due to their effec-
tiveness. Ketoconazole and metyrapone are reported to be 
the most common options since they have been available 
for many years [1]. In fact, our study demonstrated that in 
participant centers, ketoconazole therapy was the most fre-
quently preferred medication in 26.5% of patients receiving 

Fig. 1  Median rates of use of medical treatment options among all centers. * Mifepristone is not shown due to its limited use in only a single center
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center, and biochemical control was achieved in high per-
centage of patients (76%).

The second most frequently used drug in excellent pitu-
itary centers was metyrapone, an 11ß-hydroxylase inhibitor, 
utilized in 17.2% of patients under medical treatment. Lit-
erature showed that the control rate with metyrapone var-
ied between 45.4% and 100%, with a median rate of 75.5% 
[23] and escape from the response was reported in 18.7% 
of patients who initially responded to treatment [27]. The 
initial prospective study showed that metyrapone induced 
remission in 47% of patients, accompanied by a clinical 
improvement [28]. The reported median control rate with 
metyrapone by our surveyed centers was 60%. The more 
favorable response achieved with both ketoconazole and 
metyrapone in our study compared to previously published 
ones could be related to the effective escalation of the doses 
in expert endocrinology units.

Another novel adrenal steroidogenesis-targeted medica-
tion used in some PTCOEs was osilodrostat. This recently 
approved, oral 11ß-hydroxylase and aldosterone syn-
thase inhibitor has a higher potency and a longer half-life 
than metyrapone and ketoconazole [29]. A phase 3 clini-
cal trial demonstrated the efficacy and safety of osilodro-
stat by achieving control in 53% of patients without dose 
uptitration after week 12, and in 66.8% of patients regard-
less of dose increase at 24 weeks [30]. A subsequent phase 

medical treatment. This medication blocks multiple steroid 
biosynthesis pathways and has been reported to normalize 
urinary free cortisol (UFC) levels in 64.7% of patients with 
CD [23]. The outcomes of our study confirmed previously 
reported data, since ketoconazole use was reported in each 

Fig. 3  Biochemical control rates by different medical treatment 
options. Boxplot graphs illustrate the biochemical control rates of cen-
ters for specific treatment options, with the red graph representing the 
overall biochemical control rates across centers. The crossbars inside 
each box indicate the median. Created in https://BioRender.com

 

Fig. 2  Median utilization rates of medical treatment options among 
centers in which the specific medication is reported. Bar graphs show 
the number of centers that provided specific treatment option. Line 

graph showed the median utilization rates of each treatment options 
among centers that provided specific treatment options
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3 study, biochemical control was achieved in 13% in the 
group treated with 600 µg pasireotide, and in 25% in the 
group treated with 900  µg pasireotide [38]. Patients with 
lower baseline UFC levels showed a higher rate of response. 
Early prediction of response is possible since when hyper-
cortisolism was uncontrolled after the first 2 months of the 
study, it remained uncontrolled for the entire study period. 
Remarkably, a 50% response rate was achieved in patients 
with mild CD in this study. Adverse events were similar to 
other somatostatin receptor ligands, except for a higher fre-
quency of hyperglycemia with pasireotide [38]. However, 
elevated glucose levels can be managed with anti-diabetic 
treatments [39], with a preference for glucagon-like pep-
tide-1 based medications [40]. The results of the extension 
trial of the phase 3 study reported that disease control was 
achieved in 50% of patients after 12 months, and by 34.5% 
of patients after 24 months of treatment [41]. Recently, a 
multicenter study demonstrated that pasireotide treatment 
normalized UFC levels in 61.3% of patients with mild to 
moderate hypercortisolemia [42]. In addition, long-acting 
pasireotide normalized mean UFC levels in about 40% of 
patients with CD at month 7 and in 46.9% of patients at 
month 24 of the extension period [43, 44]. Long-term effi-
cacy was reported to be 50% in a multicenter phase 2 study 
with either monotherapy or combination therapy with cab-
ergoline [45]. In the literature long-term, real-world data on 
the effect of pasireotide in CD was scanty. In our study, the 
overall median utilization rate of pasireotide therapy was 
less than 10%, whereas among the subset of 6 which data on 
its use, the rate of utilization was close to 20%. Two partici-
pating centers reported 50% control rate with pasireotide, 
consistent with the literature, whereas the other 2 centers, 
each treating one patient, reported control, resulting in an 
overall median control rate of 80%. These results appear to 
indicate that pasireotide could be effective in a subset of CD 
patients who have mild to moderate disease, although our 
analysis was limited by the small number of patients. More-
over, the data may also suggest that PTCOEs could better 
identify CD patients with a higher response rate to this pitu-
itary-directed drug that could be an effective treatment for 
CD similarly to other secreting pituitary adenomas [46, 47].

However, although a priori pituitary-targeted drugs may 
represent the ideal therapeutic option for CD manage-
ment, their preference was limited among centers, with 
only approximately 10% of medically treated patients. This 
could be related to the more rapid action of adrenal-directed 
drugs, the limited need for adenoma mass reduction for 
microadenoma, and the long follow-up duration required for 
cabergoline to be effective. Nevertheless, due to the rapid 
action in disease control and the positive impact on both 
clinical features and the adenoma itself [23], pasireotide 
could be an attractive alternative. Although, its common 

3 trial showed a complete response to osilodrostat in 77.1% 
of patients during the double blind period of the study with 
a dose escalation up to 20 mg twice daily at week 12, and in 
80.8% of patients at week 36 during open label phase with 
a dose escalation up to 30 mg [31]. Of note, a long-term 
study reported a complete response in 50–88% of patients 
[32]. The overall median rate of osilodrostat use was 1.7% 
among the medically treated population. However, this 
rate increased to 18.5% in the four centers where this treat-
ment option was available. Moreover, the surveyed centers 
reported a median control rate of 65% with osilodrostat, 
ranging from 33 to 100%. We should keep in mind that our 
study took part during the coronavirus pandemic of 2019 
(COVID-19), and there was insufficient time to assess the 
true rate of use, since the drug was not approved or widely 
available until near the end of our data collection period in 
2020, its use is expected to increase in the coming years. 
Our results were similar to those observed during the first 
period of phase 3 clinical studies, in which the dose esca-
lation protocol was less effective than in the subsequent 
studies. Indeed, endocrinologists may have preferred lower 
doses to avoid adrenal insufficiency during the pandemic, 
as adverse events associated with hypocortisolism were 
reported primarily during the dose titration period of the 
clinical trials [33].

Pituitary directed medications, cabergoline and pasire-
otide, have demonstrated effective biochemical control of 
CD. Pasireotide has been approved for treatment of CD 
when remission could not be achieved by surgery, whereas 
cabergoline, a potent dopamine agonist with high affinity 
for dopamine type 2 receptors (D2), is currently used as an 
off-label therapy [23]. Among all the participating PTCOEs, 
2.8% of medically treated patients received cabergoline. 
Indeed, only four centers used this option, in almost 10% 
of patients on medical treatment. Previous studies evaluat-
ing the efficacy of cabergoline included a limited number of 
CD patients, unsuccessfully treated by pituitary surgery, and 
demonstrated normalization of cortisol secretion in 25–40% 
of patients [34–36]. However, 28% of responders discon-
tinued treatment due to loss of response or intolerance [36]. 
One of the participating centers reported a median 40% con-
trol rate with cabergoline treatment, whereas another center 
demonstrated control in the only patient. Consequently, the 
results showed that cabergoline could be effective in a sub-
set of CD patients, with the advantage of oral administration 
and minimal side effects. However, the occurrence of escape 
and long lag time until achievement of control, combined 
with its off-label use, may have limited its use (therefore the 
power of our analysis) across audited centers. Pasireotide is 
a multitargeted somatostatin receptor ligand with a higher 
affinity to somatostatin receptor (SSTR) 5 than SSTR1, 
SSTR2 and SSTR3 [37]. In a 12-month, double blind, phase 
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approach is affected by several clinical factors, including 
the side effect profiles, comorbidities, and concomitant 
medications. Furthermore, treatment cost, availability, 
and patient preferences may have an important impact on 
treatment decisions. As a result, it has been challenging 
to recommend the optimal combination therapy to over-
come these limitations [27]. Noticeably, a degree of ther-
apeutic inertia can also occur even in PTCOEs, as was 
demonstrated for acromegaly [25], since biochemical 
control could not be achieved in all medically treated CD 
patients with any of these therapies. The outcomes of the 
study showed an important need for a patient-centered 
approach that aligns with the consensus guidelines and 
the availability of novel medical treatment options. With 
growing knowledge of combination therapies, it is essen-
tial to establish more consistent protocols for when, how, 
and whom to start these options, particularly in PTCOEs.

Finally, the lack of detailed information on patient’ 
characteristics, comprehensive clinical history, indica-
tions for therapy, modalities concerning specified combi-
nation treatment options, drug doses, and adverse events 
was the main limitation of this study. In addition, rela-
tively small number of patients were under medical treat-
ment especially for cabergoline and osilodrostat. Despite 
these drawbacks, our results inform choices and effects 
of several medical options for CD management in expert 
pituitary centers. Indeed, investigating implementation 
of recent progress in the era of medical treatment for CD 
in PTCOEs should lead to better understanding of both 
the benefits and disadvantages of these modalities for a 
real-world clinical approach. Moreover, it may serve as 
the first step for collaboration of PTCOEs to provide a 
basis for future guidelines of this rare disorder.
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use within PTCOEs might have been expected, the limited 
implementation could be related to either a higher possible 
frequency of hyperglycemia or difficulties in maintaining 
injection regimens during the COVID-19 pandemic [11].

Mifepristone, the glucocorticoid receptor antagonist, 
improves signs and symptoms of CD rapidly. In fact, 
previous reports have shown improvements in glucose 
metabolism in 60% and in blood pressure in 38% of 
patients [48]. This drug was approved in the United States 
by the FDA for treatment of hyperglycemia secondary to 
Cushing’s syndrome; hence, it is an on-label treatment 
option only in the USA. Another reason for its limited 
use could be the necessity of close clinical monitoring of 
response, since cortisol levels cannot be used to evalu-
ate treatment response or the presence of adrenal insuf-
ficiency [1]. Only one surveyed center used mifepristone 
in one patient, reporting 100% control rate of symptoms.

Likely due to the side effects and rapid inactivation of 
cortisol requiring high doses of glucocorticoid replace-
ment, none of the expert pituitary centers provided data 
on mitotane therapy.

Overall, 13.6% of medically treated patients were on 
combination therapy. Among the five surveyed PTCOEs 
that reported data on the use of this option, up to 25% 
of patients received combination therapy. Almost 25% 
of patients on medical monotherapy were not able to 
achieve biochemical control. Notably, prior studies 
report up to 90% percent control rates with combination 
therapy, especially when optimal dosages were employed 
[49, 50]. Regarding combination choices, use of an adre-
nal steroidogenesis inhibitor with a pituitary targeted 
agent was aforementioned [34, 49, 50]. Due to the infor-
mation requested in our survey, no data were available 
on the combination alternatives selected by the cen-
ters. Given the frequent use of adrenal steroidogenesis 
inhibitors among centers, combination of ketoconazole/
metyrapone with cabergoline might have been a possible 
option. In fact, the synergy between SSTR and D2 has 
recently shown to increase the therapeutic efficacy, par-
ticularly in the patients with moderate hypercortisolism 
at baseline [45]. It could be expected that centers might 
have initiated this option only in selected patients, in the 
light of their relatively limited preference. Triple combi-
nation options are effective, especially with the stepwise 
utilization of drugs differentially targeting SST5 and D2 
receptors together with steroidogenesis inhibitors [50]. 
However, the combination of mitotane with other ste-
roidogenesis inhibitors, reported to improve outcomes in 
severe CD [51], was not an option here, as none of the 
centers reported using mitotane.

Participating centers reported biochemical control rates 
with combination therapy reaching to 73.8%. The medical 
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