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Introduction: In the last few years, the use of medical treatment in Cushing’s

disease (CD) has increased thanks to the availability of new molecules.

Nevertheless, real-life data on combination treatments are still lacking.

Methods: This is a retrospective monocentric study evaluating the real-life

efficacy and safety of pasireotide alone or when combined with cabergoline

or metyrapone.

Results: A total of 18 patients (94% women; median age, 45 years) with active CD

received pasireotide (median, 8 months), followed by a combination treatment

(median, 22 months) with either cabergoline (2/9) or metyrapone (7/9) for half of

the patients. Pasireotide alone significantly reduced urinary free cortisol (UFC)

and late-night salivary cortisol (LNSC) (p < 0.01), achieving normal values in 59%

and 38% of cases, respectively. The second cortisol-lowering agent tended to

further reduce UFC (overall normalization, 67%) but had little effect on LNSC.

Pasireotide led to significant hyperglycemia in 61% of cases, while the add-on

drug was well-tolerated. Comorbidities were analyzed accounting for the

individual cardiovascular risk and for changes in concomitant treatments. Half

of the patients showed improved pressure profile. Cholesterol levels tended to

decrease, and a significant weight loss was observed (>5% in 47% of cases). Add-

on treatment with dose reduction of pasireotide allowed better glycemic control

in one of two cases.

Discussion: Our experience confirms the efficacy of pasireotide on the UFC,

especially in combined regimens, but also the difficulty of restoring circadian

rhythm in CD. This is the first study to report metyrapone add-on to pasireotide,

but larger studies are needed to further investigate this association. Pasireotide

surely worsens glucose homeostasis, but its positive effects, alone or combined,

on blood pressure, lipid profile, and body weight justify its use under careful

hyperglycemia management.
KEYWORDS

Cushing’s disease, somatostatin analogue, pasireotide, combination treatment,
metyrapone, cabergoline
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Introduction

Surgery is the first-line treatment for Cushing’s disease (CD)

when feasible (1). The use of medical treatment has gained interest

in recent years, particularly with the availability of new compounds

(2–4). Medical therapy can be applied in several settings such as

preoperatively, when surgery is contraindicated or refused, in

persistent or relapsed cases after surgery, and while waiting for

the effect of radiotherapy. The drug choice should be individualized,

based on the severity of hypercortisolism, gender, clinical features,

radiological features of the adenoma, comorbidities, and local

availability (1). Except for glucocorticoid receptor antagonists,

treatment monitoring should consider hormonal indexes on top

of clinical evaluation. The most commonly used parameter is

urinary free cortisol (UFC), often combined with morning serum

cortisol to identify adrenal insufficiency. In recent years, the

restoration of circadian rhythm has also emerged as a further

marker of effective disease control (5, 6). In case of inadequate

control, using a combination strategy may offer the advantage of

better clinical and biochemical control as well as the possibility of

reducing the dose of each drug, thus limiting its adverse effects.

Pasireotide is a somatostatin receptor multiligand active also on

isoform 5, which underlies its effectiveness in CD as opposed to

first-generation analogues (7). Although burdened by the risk of

iatrogenic diabetes, pasireotide proved effective in controlling

cortisol excess (2, 8) and may induce tumor shrinkage in a subset

of patients by directly targeting the pituitary adenoma (9). To date,

its use in combination with cabergoline and ketoconazole was

reported in dedicated clinical trials (10, 11), whereas real-world

data on combined strategies remain limited.

We aimed to report our experience with pasireotide, used either

as monotherapy or in combination, for the treatment of active CD.
Methods

We analyzed a retrospective cohort of patients with CD

followed at our center who received on-label treatment with

subcutaneous pasireotide between 2012 and 2024 outside

multicenter clinical trial participation in order to evaluate the

real-life experience with this drug. Data on a subset of the

included patients have already been reported in previous studies

on coagulative profile and iatrogenic diabetes carried out at our

center (12–14). Eligible cases presented an active disease, either de

novo or persisting/relapsing after other treatments (such as surgery

and/or radiation). CD diagnosis was established based on coherent

imaging of the sella and dynamic tests (corticotropin test, high-dose

dexamethasone suppression test, and/or desmopressin test) and in

some cases with a bilateral inferior petrous sinus sampling. For

patients submitted to surgery, the diagnosis was confirmed by

histo logical findings and/or pers is tent postoperat ive

hypocortisolism (1, 15). Patients were excluded in case of lacking

data or inadequate adherence to treatments and/or follow-up.

Pasireotide was administered as per clinical practice with safety

evaluations at 2 and 4 weeks and then every 2–3 months during the
Frontiers in Endocrinology 02
first year. Informed consent for the study was collected

(PITACORA, protocol number AOP3318, Ethic Committee

registration 5938-AO-24).

We assessed disease severity at baseline and its control during

follow-up using UFC and late-night salivary cortisol (LNSC). The

former was assessed via the mass spectrometry method (Agilent

Technologies, Palo Alto, USA), while the latter was initially assessed

with a radioimmunoassay (Radim, Rome, Italy) and then via mass

spectrometry since 2014 (Agilent Technologies, Palo Alto, USA).

ACTH was evaluated with an immunometric assay. We considered

the most recent untreated values of ACTH and cortisol in the year

prior to pasireotide start as baseline. The severity of hypercortisolism

was categorized according to UFC levels as mild [<2-fold the upper

limit of normal (ULN)], moderate (from 2- to 5-fold the ULN), or

severe (>5-fold the ULN). UFC and LNSC values were evaluated as

the mean of at least two values in order to account for their variability

(16, 17). In patients with persistently abnormal circadian rhythm

despite normal UFC, a treatment intensification aiming to normalize

LNSC was pursued whenever deemed feasible and safe.

Pituitary magnetic resonance imaging (MRI) was performed

before pasireotide initiation and then repeated during follow-up as

per routine clinical practice using a 1.5- to 3-T field scanner.

We assessed metabolic and cardiovascular CD comorbidities and

their treatments. Arterial hypertension was defined based on systolic

and diastolic blood pressure (SBP ≥ 140 mmHg and/or DBP ≥ 90

mmHg) measurements during ambulatory visits (18) or in case of

ongoing antihypertensive drugs; as per clinical practice, elevated values

were confirmed after a resting period. Diabetes and impaired fasting

glucose were defined according to the most recent guidelines (19)

based on glycemia and glycosylated hemoglobin (HbA1c). No patient

of our cohort had a recent oral glucose tolerance test prior to

pasireotide start, although some received mixed meal test as a part

of a different study protocol (14). We also registered the non-insulin

antidiabetic agents used and the need for insulin treatment.

Dyslipidemia was defined based on elevated triglycerides (>150 mg/

dL), reduced high-density lipoprotein (HDL, below 50 mg/dL in

female and 40 mg/dL in male patients), elevated total cholesterol

(>200 mg/dL), calculated low-density lipoprotein (LDLc) cholesterol

above the cardiovascular (CV) risk-based target, or in case of ongoing

lipid-lowering treatment (20). Regarding CV risk, according to current

guidelines, all patients with active disease were considered at high risk;

we identified a very high CV risk based on the general population

criteria from the guidelines (e.g., documented vascular disease or severe

renal impairment) (1, 20). Overweight and obesity were defined and

assessed via weight and body mass index (BMI) (21); waist

circumference (WC) and the use of anorectic drugs were recorded.

We assessed the clinical impact of pasireotide (alone or in combination

with another drug) on comorbidities. Specific criteria to define the

effect on pressure profile are reported in Supplementary Table 1.
Statistical analysis

Categorical variables were reported as counts or percentages,

and quantitative variables were reported as median and
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interquartile ranges (IQRs). The comparisons between independent

groups were performed with non-parametric tests, namely, a

Mann–Whitney sum rank test for quantitative variables and a

chi-square test for categorical ones. Significance threshold was set

at p-value <0.05. Statistical analyses were performed with R [R Core

Team (2022), R: A language and environment for statistical

computing, R Foundation for Statistical Computing, Vienna,

Austria; https://www.r-project.org/] and R studio [Posit team

(2024), RStudio: Integrated Development Environment for R,

Posit Software, PBC, Boston, MA; http://www.posit.co/].
Results

Eighteen patients were included in this study, mainly women

with a median age at pasireotide treatment start of 45 [34; 53] years.

Three de novo CD cases received pasireotide in the preoperative

period, while all other cases had undergone at least one pituitary

surgery. Five patients were irradiated 1, 15, 15, 17, and 30 years,

respectively, prior to pasireotide start. Most received other medical

treatments prior to pasireotide (Table 1). Three out of four

macroadenomas showed cavernous sinus invasion. Histology was

available in 13/17 operated cases, with 12 cases showing ACTH

staining at immunochemistry; in 2 cases, adenomas showed high

proliferative activity (Mib-1 >3%).

All patients initially received pasireotide as monotherapy.

Combination therapy was subsequently introduced in nine

patients (50%), using cabergoline (2/9, 22%) or metyrapone (7/9,

78%). The main reason for the add-on therapy was an inadequate

control of hypercortisolism (7/9, 78%): five cases still presented

abnormal UFC on pasireotide while two patients had UFC < ULN

but impaired circadian rhythm. In one patient, the combination was

prompted by concerns over tumor growth, while in another case, it

was used to reduce pasireotide dosage in order to improve

tolerability. At the start of pasireotide treatment, most of the

patients harbored a microadenoma (14/18, 78%) (Table 1).

Recent (i.e., within a year prior to pasireotide start) untreated

values of UFC and LNSC were available for 16 and 14 cases,

respectively, with median values of 2.08 [1.63; 3.39] and 2.15

[1.67; 4.08] times the ULN, respectively. Two patients switched

from ketoconazole to pasireotide without a wash-out evaluation of

hypercortisolism due to persistent impaired circadian rhythm

despite normal UFC. In two other cases, only UFC prior to

pasireotide therapy was evaluated; both cases showed impaired

LNSC while on the prior treatment (ketoconazole and ketoconazole

plus cabergoline, respectively).
Efficacy of pasireotide monotherapy

Pasireotide was administered alone for a median treatment

duration of 8 months [4; 23]. Dosages are reported in Table 2.

Regarding hypercortisolism control, pasireotide monotherapy led

to a significant reduction in median cortisol levels compared to the

last available untreated values (Table 3). UFC decreased 39% [15%;
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88%] and LNSC decreased 23% [2%; 57%]. A trend toward reduced

ACTH levels was also observed (Table 3). Pasireotide alone led to

UFC normalization in 8/16 cases, and the UFC remained normal in

the two patients switched from ketoconazole (normal overall 10/18,

59%); half of the patients experienced a reduction greater than 50%

(8/16). Circadian rhythm was impaired in all cases prior to

pasireotide; 14 were evaluated off-treatment and 4 were evaluated

during prior medical treatment (ketoconazole, n = 3; ketoconazole

plus cabergoline, n = 1). LNSC data were not obtained in two

patients while on pasireotide treatment. Among patients with

available follow-up data, LNSC normalization was obtained in 6/

16 (38%). A reduction of at least 50% was found in one-third of

patients (4/12). No significant differences in treatment response

were observed based on adenoma size (microadenoma vs.

macroadenoma) or disease severity at baseline (mild vs.

moderate/severe).
TABLE 1 Baseline features of our cohort prior to pasireotide start.

Baseline features Number (%)

Female 17/18 (94%)

Arterial hypertension 14/18 (78%)

Impaired glucose homeostasis
✓ Impaired fasting glucose
✓ Diabetes mellitus

3/18 (17%)
0/3 (0%)
3/3 (100%)

Dyslipidemia
✓ High triglycerides
✓ Low HDL
✓ Elevated total cholesterol
✓ LDLc above CV risk-specific

target*

16/18 (89%)
5/18 (28%)
2/18 (11%)
10/18 (56%)
16/18 (89%)

Weight excess
✓ Overweight
✓ Obesity

9/17 (53%)
6/9 (67%)
3/9 (33%)

Prior surgery
✓ 1st surgery
✓ 2nd surgery

15/18 (83%)
11/15 (73%)
4/15 (27%)

Prior pituitary irradiation 5/18 (28%)

Previous cortisol-lowering treatments
✓ Ketoconazole
✓ Metyrapone
✓ Cabergoline
✓ Pasireotide**

14/18 (78%)
9/14 (64%)
3/14 (21%)
6/14 (43%)
4/14 (29%)

Hypercortisolism severity***
✓ Mild
✓ Moderate
✓ Severe

16/18 (89%)
7/16 (44%)
8/16 (50%)
1/16 (6%)

Magnetic resonance imaging
✓ Negative
✓ Microadenoma
✓ Macroadenoma

18/18 (100%)
7/18 (39%)
7/18 (39%)
4/18 (22%)
*Two patients presented very high CV risk (target LDLc <55 mg/dL) due to prior ischemic
stroke and diabetes with multiple risk factors, respectively; the remaining patients were
considered at high CV risk based on active CD (target LDLc <70 mg/dL). **Some patients
already received a previous cycle with pasireotide s.c. bid or the long-acting release
formulation i.m. during multicenter clinical trials. ***For two patients, untreated values in
the year before pasireotide start were not available. CD, Cushing’s disease; HDL, high-density
lipoprotein; LDLc, calculated low-density lipoprotein; CV, cardiovascular.
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Efficacy of combination treatment

The add-on was performed after a median of 5 [3; 10] months of

pasireotide therapy and was carried out for a median duration of 22

[2; 54.5] months with dosages detailed in Table 2. Compared to the

last follow-up on pasireotide monotherapy, the addition of a second

compound resulted in a further, though not statistically significant,

reduction in UFC levels (median decrease, 33% [−15%; 63%])

(Table 3), with two additional patients reaching UFC

normalization (from four to six total cases). The effect on

circadian rhythm was poor (median decrease, 6% [−20%; 44%])

(Table 3). Among patients receiving metyrapone as add-on

treatment, a slightly greater improvement in LNSC was observed

(median decrease, 14% [−45%; 61%]). However, no additional

patient achieved LNSC normalization with combination

treatment (overall 6/16, 38%). On combined treatment, ACTH

did not change significantly compared to pasireotide

monotherapy. Cabergoline add-on had little effect on ACTH,

while metyrapone add-on could lead to either its increase (n = 4)

or decrease (n = 2); ACTH changes in these two groups did
Frontiers in Endocrinology 04
not significantly differ (p = 0.50). In three cases, the add-on was

accompanied by a reduction of pasireotide dosage (from 600 mg
BID to 300 mg BID) due to poor tolerance (n = 1) or

hyperglycemia (n = 2). The patient presenting poor tolerance did

not achieve hypercortisolism control despite the metyrapone add-

on, and thus, pasireotide dose was increased again to 600 mg
BID this time without issues. The other two cases presented

UFC reduction >50% with cabergoline and metyrapone add-

on, respectively.
Safety

Patients reported various adverse events during pasireotide

treatment (Figure 1), with hyperglycemia occurring in more than

60% of cases. Gastrointestinal manifestations were mild and self-

limiting in all cases. No serious adverse event and no pathological

QT elongation was registered. Cabergoline was well tolerated, with

no reported adverse events. In contrast, metyrapone led to mild and

self-limiting nausea in two cases.
TABLE 2 Maximum and minimum dosages of the drugs administered to each patient.

Patient
Pasireotide Cabergoline Metyrapone*

Minimum Maximum Minimum Maximum Minimum Maximum

1 300 mg bid 600 mg bid

2 600 mg bid 600 mg bid

3 600 mg bid 600 mg bid

4 300 mg bid 600 mg bid

5 600 mg bid 600 mg bid

6 300 mg bid 600 mg bid

7 300 mg die 600 mg bid

8 600 mg bid 600 mg bid

9 600 mg bid 900 mg bid

10 300 mg bid 600 mg bid 1 mg week 2 mg week

11 600 mg bid 900 mg bid 1 mg week 3 mg week

12 300 mg bid 600 mg bid
500 mg die
(0–0–2)

1000 mg die
(1–1–2)

13 600 mg bid 600 mg bid
250 mg die
(0–0–1)

250 mg die
(0–0–1)

14 600 mg bid 900 mg bid
500 mg die
(0–1–1)

500 mg die
(0–1–1)

15 600 mg bid 600 mg bid
250 mg die
(0–0–1)

1000 mg die
(1–1–2)

16 300 mg bid 600 mg bid
500 mg die
(0–1–1)

1250 mg die
(1–2–2)

17 600 mg bid 600 mg bid
250 mg die
(0–0–1)

1000 mg die
(1–1–2)

18 600 mg bid 600 mg bid
250 mg die
(0–0–1)

250 mg die
(0–0–1)
*The daily distribution of the number of tablets (250 mg each) administered is reported (morning–midday–late evening).
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Most patients (15/18) discontinued pasireotide, with reasons

detailed in Supplementary Figure 1. Among patients with at least 1

year of follow-up (n = 11), pituitary imaging remained stable in nine

cases (eight micro- and one macro-adenoma). One patient

exhibited tumor enlargement (from micro-to macro-adenoma)

requiring reoperation. Conversely, one previously irradiated

patient experienced shrinkage from macro- to micro-adenoma.
Comorbidities

We evaluated the effect of pasireotide (alone or in combination

with another drug) on comorbidities in the whole cohort (Table 4).

Arterial hypertension was prevalent at baseline (Table 1) and

untreated in two cases; most patients received combined

antihypertensive treatments with mineralocorticoid receptor
Frontiers in Endocrinology 05
antagonists being the most commonly used drugs (n = 5),

although in some cases, their main indication was to reduce

androgenic symptoms, followed by calcium channel blockers and

angiotensin-converting enzyme inhibitors (n = 4 each). One patient

discontinued antihypertensive treatment during pasireotide

treatment. BP values and treatments were assessed after

pasireotide (alone or combined) treatment and compared to

baseline according to the criteria reported in Supplementary

Table 1. Overall, nine patients presented an improvement of their

pressure profile while only three patients showed a worsened profile

(none of whom received metyrapone); the remaining five patients

showed a stable course. Among patients treated for at least 1 year,

we found that half of the patients (n = 5) exhibited an improved BP

profile with none showing deterioration (Supplementary Table 1).

Patients who did not modify antihypertensive treatment did not

show significant changes in their BP (Table 4).
FIGURE 1

Bar chart displaying the percentages of patients experiencing pasireotide-related adverse events. *All cases were asymptomatic—we included new-onset
diabetes or worsening of pre-existing diabetes. **<2-fold the upper limit of normal. ***Normal blood pressure values, ions, and serum morning cortisol.
TABLE 3 ACTH and cortisol values at baseline and following pasireotide alone or in combination.

All patients Combined treatment group

N
Baseline

(untreated)
Pasireotide

monotherapy
P N

Pasireotide
monotherapy

Combination
treatment*

P

UFC
(ULN-fold)

16
2.08

[1.63; 3.39]
0.97

[0.37; 1.44]
<0.01 9

1.08
[0.86; 1.36]

0.76
[0.42; 1.08]

0.26

LNSC
(ULN-fold)

12
2.18

[1.79; 3.83]
1.84

[1.29; 2.07]
<0.01 8

2.05
[1.62; 2.37]

2.06
[1.29; 2.10]

0.55

ACTH
(ng/L)

15
56.0

[26.5; 67.3]
32.0

[21.0; 49.5]
0.07 8

49.5
[31.8; 61.3]

46.5
[36.3; 79]

0.36
frontiers
*Similar results were obtained considering only metyrapone as the add-on treatment. UFC, urinary free cortisol; LNSC, late-night salivary cortisol; ACTH, adrenocorticotropic hormone; N,
number.
Bold values indicate statistically significant differences.
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At baseline, three patients had diabetes (two on metformin and

one on diet treatment), while all others presented with normal

glucose homeostasis based on fasting glycemia and HbA1c. During

follow-up, 11 patients required initiation or intensification of anti-

diabetic treatment (only one patient with a pre-existent diabetes

required insulin), but glycemic profile remained worse compared to

baseline. Patients not receiving antidiabetic treatment during the

pasireotide (alone or in combination) course also showed a

worsening HbA1c, although it remained within normal range in

all cases (Table 4).

Considering the criterion of elevated LDLc for a high CV risk

population, most of our patients were dyslipidemic (16/18, 89%), 4 of

whom despite ongoing lipid-lowering drugs at baseline. Five of these

patients also presented with hypertriglyceridemia and two had a

reduced HDL value. At the last available follow-up, treatment

intensification was registered in six patients (additional drug or

increase in dosage/intensity of the statin used), three of whom

(50%) reaching desirable LDLc levels. Nevertheless, 14 patients still

had LDLc >70 mg/dL at the last visit, and the prevalence of

hypertriglyceridemia remained unchanged (3/18, 17%). Considering

only patients without treatment intensification, there was a trend

towards reduced levels of total and LDLc cholesterol (Table 4).

At baseline, 8/17 patients were overweight and 2 were obese.

Two patients receiving glucagon-like peptide 1 analogs (aGLP1)
Frontiers in Endocrinology 06
for iatrogenic diabetes were excluded from analyses

regarding weight and WC. At the last visit, there was a significant

reduction in BMI, while a decrease inWC did not reach significance

(Table 4). Out of 15 patients, 7 (47%) experienced a weight

decrease >5%.

Comparing combined treatment to pasireotide monotherapy

(n = 9), no significant difference in glycemia and HbA1c was

detected, with glucose-lowering treatments unchanged,

intensified, or reduced in three cases each (33% each). Except for

two patients who had increased antihypertensive treatment with

coherent BP reduction, SPB and DBP values remained stable. Three

patients started/increased lipid-lowering treatment, while five

patients maintained the same therapy and showed a trend of

LDLc reduction (108.6 mg/dL vs. 88.6 mg/dL, p = 0.06).

Excluding the two patients receiving anorectic drugs, a trend of

reduction in BMI (22.9 vs. 21.1 kg/m2, p = 0.09) and WC (95 vs. 90

cm, p = 0.09) also emerged with the addition of a second compound.

As previously mentioned, two patients received add-on

treatment but reduced pasireotide dosage due to hyperglycemia.

The patient receiving metyrapone obtained a 7-mmol/mol

reduction of HbA1c without glucose-lowering treatment

modifications; conversely, the patient receiving cabergoline

required an intensification of glucose-lowering treatment to

improve glycemic control.
TABLE 4 Changes from baseline following pasireotide (alone or combined) treatment.

Parameter Premises Patients Baseline Last visit P

SBP (mmHg)
Unchanged number/dosage of

antihypertensives
7

130.0
[127.5; 132.5]

120.0
[110; 130]

0.33

DBP (mmHg)
Unchanged number/dosage of

antihypertensives
7

80.0
[77.5; 82.5]

80.0
[77.5; 82.5]

0.59

Glycemia (mg/dL) No glucose-lowering drugs 7
77.0

[72.0; 88.5]
85.0

[78.0; 88.5]
0.34

HbA1c (mmol/mol) No glucose-lowering drugs 7
31.0

[27.0; 33.0]
39.0

[31.0; 40.0]
0.02

Glycemia (mg/dL)
Start/increase in glucose-lowering drugs/

insulin use
11

81.0
[69.0; 86.0]

133.0
[121.5; 164.5]

<0.01

HbA1c (mmol/mol)
Start/increase in glucose-lowering drugs/

insulin use
11

39.0
[36.5; 40.0]

54.0
[53; 62.5]

<0.01

Cholesterol (mg/dL)
Unchanged number/dosage of lipid-

lowering drugs
12

208.5
[188.3; 227.3]

198.0
[178.8, 204.3]

0.08

HDL (mg/dL)
Unchanged number/dosage of lipid-

lowering drugs
12

60.5
[51.8; 65.0]

61.5
[49.8; 69.0]

1.00

Triglycerides (mg/dL)
Unchanged number/dosage of lipid-

lowering drugs
12

77.0
[57.5; 137.0]

85.5
[48.5; 147.8]

0.66

LDLc (mg/dL)
Unchanged number/dosage of lipid-

lowering drugs
12

123.9
[106.1; 149.9]

110.7
[87.4; 117.5]

0.09

BMI (kg/m2) No concomitant use of anorectic drugs 15
24.3

[22.1; 27.8]
23.4

[20.7; 26.5]
0.02

WC (cm) No concomitant use of anorectic drugs 13
91.0

[83.0; 106]
85.0

[81.0; 99.0]
0.11
SBP, systolic blood pressure; BDP, diastolic blood pressure; HbA1c, glycosylated hemoglobin; HDL, high-density lipoproteins; LDLc, calculated low-density lipoproteins; BMI, body mass index;
WC, waist circumference.
Bold values indicate statistically significant differences.
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Discussion

Pasireotide use in CD is supported by large clinical trials and

real-life reports, but data on its use in combination with other drugs

are less abundant.

In our cohort, pasireotide proved effective in lowering cortisol

levels, allowing normalization of UFC and LNSC in 59% and 38% of

cases, respectively, with limited risk of overtreatment (only one case

of iatrogenic hypocortisolism). In a previous Italian multicenter

study, pasireotide led to UFC normalization or a >50% decrease

from baseline in 93.8% and 100.0% of patients after 6 and 12

months, respectively (22).

Few studies on combination treatment in CD are available to

date (Table 5) (10, 11, 23–29), often as a part of clinical trials. In

contrast, our study focused on real-world data to describe how this

approach is implemented in routine clinical practice.

To the best of our knowledge, this is the first report describing the

association of pasireotide and metyrapone. The rationale for this

approach lies in using a combination that directly inhibits both levels

—the pituitary ACTH secretion and the adrenal cortisol synthesis—

thereby improving the hormone control potentially with lower drug

doses and therefore less side effects (30). Notably, unlike other

steroidogenesis inhibitors, metyrapone has not been associated with

significant QT elongation (31), making it a more suitable option in

combination with pasireotide. Moreover, some studies reported

concern for tumor growth during treatment with steroidogenesis

inhibitors (32), which may be addressed by the association with

pasireotide. In our experience, metyrapone add-on allowed dose
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reduction of pasireotide, particularly in cases of secondary

hyperglycemia. Another consideration is that adding metyrapone

further decreased UFC, but it did not result in a parallel decrease of

LNSC, confirming the challenge of restoring circadian rhythm with

medical therapy in CD. Is not only the disruption of this rhythm a

diagnostic hallmark of endogenous hypercortisolism (33), but also a

potentially efficacious treatment target. Uncontrolled LNSC seems

related to residual morbidity in otherwise well-controlled (i.e., normal

UFC) patients, as recent studies showed that restoring rhythm could

lead to further clinical benefits (6, 26, 34). Similarly, mimicking

correct circadian rhythm when administering glucocorticoid

treatment in adrenal insufficiency proved beneficial on clinical

outcomes (6). Despite the chrono-pharmacologic approach used in

our center [i.e., giving the main dose of short-acting steroidogenesis

inhibitors in the second half of the day (35)], LNSC remained

impaired: dedicated clinical trials on this topic would be beneficial

to identify the best strategy to target this parameter.

Regarding cabergoline add-on, its effectiveness was already

reported in a dedicated clinical trial (11), with the rationale of

targeting the corticotroph adenoma with both drugs. Indeed, unlike

steroidogenesis inhibitors, both these drugs target the adenoma

with two different pathways: the somatostatin receptor (especially

isoform 5) by pasireotide and the dopamine receptor 2 by

cabergoline. Both drugs showed in vitro/in vivo potential

antitumoral effects (36–41) and had induced tumor shrinkage of

corticotroph adenomas in previous reports (9).

In the overall cohort, normalization of UFC and LNSC was

reached in 67% and 38% of cases at the last follow-up, respectively.
TABLE 5 Studies on combination treatment in Cushing’s syndrome (CS).

Article, year Drugs* Population Number Outcomes*

Vilar,
2010 (23)

Cabergoline, Ketoconazole CD 9 UFC normalization in 67% of cases

Feelders,
2010 (10)

Pasireotide,
Cabergoline, Ketoconazole

CD 12 UFC normalization in 83% of cases

Kamenicky,
2011 (24)

Mitotane, Metyrapone, Ketoconazole
Severe CS
(CD/EAS)

11 UFC normalization in 64% of cases**

Valassi,
2012 (25)

Metyrapone,
Ketoconazole

CS 22 UFC normalization in 46% of cases

Barbot,
2014 (26)

Cabergoline,
Ketoconazole

CD 14 UFC normalization in 79% of cases.

Corcuff,
2015 (27)

Metyrapone, Ketoconazole,
Mitotane

Severe CS (EAS/ACC) 22 UFC normalization in 77% of cases

Dormoy,
2023 (28)

Osilodrostat,
Ketoconazole,

Metyrapone, Cabergoline
EAS 9 UFC normalization in 78% of cases***

Feelders,
2023 (11)

Pasireotide,
Cabergoline

CD 42 UFC normalization in 41% of cases

Paes,
2025 (29)

Ketoconazole,
Octreotide

CD 11 n.a.****
*Reported outcomes refer to patients receiving multiple agents (at least two of the listed) to achieve disease control.
**Based on Figure 2 of the original article.
***Based on nadir urinary free cortisol (UFC) in Table 2 and patient’s specific ULN from Table 1.
****Octreotide was added in biochemically controlled patients, with two cases presenting efficacy escape and requiring octreotide dosage increase to restore UFC values. CD, Cushing’s disease;
EAS, ectopic ACTH secretion; ACC, adrenocortical cancer.
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The safety profile of pasireotide in our study was consistent with

that reported in clinical trials, with hyperglycemia being the

prominent adverse event. The management of iatrogenic diabetes

in this setting was previously addressed in a dedicated phase IV

study (42) that recommended the use of incretin-based drugs along

with metformin, considering the underlying pathophysiology of

pasireotide-related diabetes (14, 43), with insulin reserved as a

rescue measure. In our cohort, only one patient required insulin

treatment, whereas others received metformin alone or combined

with other antidiabetic agents (three with dipeptidyl peptidase; two

with GLP1, and one with a sodium glucose transporter 2 inhibitor).

In line with the trial results, not all our patients required anti-

diabetic treatments, despite the impaired glucose homeostasis. Both

cabergoline and metyrapone were well tolerated in our cohort.

In our cohort, we registered a high discontinuation rate

(Supplementary Figure 1); as four cases were subjected to

pituitary surgery, drug-related withdrawal amounted to 61%

(11/18) of the patients. Six patients requested a therapy switch as

they were unwilling to continue twice-daily subcutaneous injections

(two of them despite normalization of UFC values on their

regimens). This compliance issue is relevant as one-monthly i.m.

formulation of pasireotide is not currently available for CD in Italy,

despite available literature supporting it (44). This is particularly

relevant as a highly effective alternative with a favorable

administration regimen and safety profile has emerged.

Osilodrostat administered orally twice daily was reported to

normalize UFC in up to 90% of cases (45), although few real-life

data are available. The association of osilodrostat to pasireotide

could achieve interesting results, but safety issues such as QT

elongation and risk of adrenal insufficiency could limit the

feasibility of this approach. Moreover, osilodrostat did not exert a

specific effect on tumor volume thus cannot replace the indication

of pasireotide to stabilize or reduce adenoma size (9).

Biochemical control of hypercortisolism with cortisol-lowering

drugs is expected to be less effective on comorbidities than surgical

remission (46). Nevertheless, apart from glucose homeostasis,

pasireotide previously proved beneficial on blood pressure, lipid

profile, and body weight (47). In our study, in addition to changes in

SBP and DBP, we also evaluated the number and dosage of

antihypertensive therapies (see Supplementary Table 1) and

confirmed pasireotide's favorable effect on pressure profile,

especially in the long term. This finding was evident despite the

association with metyrapone in seven cases, which might cause

hypertension due to the accumulation of mineralocorticoid

precursors (48). Even after excluding patients on anorectic drugs,

a significant reduction in BMI was observed and an add-on

treatment seemed to provide further benefit. Apart from

treatment effect, the role of lifestyle modification aimed at

diabetes risk reduction cannot be ruled out. Regarding

dyslipidemia, we found a high prevalence in our cohort (89%),

even though some of the cases were already receiving statin

treatment. This was consistent with active CD being considered at

high cardiovascular risk according to the most recent consensus (1).
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Notably, the association of metabolic and CV comorbidities or the

complications (e.g., acute coronary syndrome) may suffice to label

patients with CD as having high or very high CV risk also based on

the criteria used in the general population (20). Although a trend to

LDLc reduction was observed while on cortisol-lowering treatments

(Table 4), achieving ambitious lipid targets likely requires the use of

lipid-lowering drugs. While recommending statin treatment in

most patients with CD seems reasonable, the lack of disease-

specific studies should be acknowledged, as current

recommendations rely on guidelines developed for the general

population (1).

Our study has several limitations, the most relevant being the

small sample size especially regarding combination treatment (i.e.,

only seven cases received pasireotide plus metyrapone). Because of its

retrospective design, few data were missing. Moreover, only one

patient was affected by a severe disease, while all the others presented

a mild to moderate form; thus, our considerations are inherent to

these cases. The clinical judgment about the time and the choice of

the add-on treatment was based on the physician’s experience. Of

note, pasireotide was not increased to the maximum dosage in many

patients due to tolerability issues (i.e., only three patients received

900 mg BID); also, cabergoline and metyrapone dosages could still be

up-titrated in some patients. Blood pressure profiles were assessed

during ambulatory visits, without the use of a 24-h monitoring

device. There was also heterogeneity in natural history since we

included both de novo cases and those who underwent multiple

treatments, including pituitary irradiation that may have contributed

to biochemical control in a subset of our patients. Still, this latter bias

seems limited as despite the larger use of combination treatment,

previously irradiated cases showed similar reductions of UFC and

LNSC (from baseline to the last follow-up) to non-irradiated cases

(Supplementary Table 2); four out five cases were irradiated at least

15 years prior to the start of pasireotide treatment. Furthermore,

patients who have received pituitary irradiation often face limitations

in enrolling in clinical studies; therefore, data on this population

require support from real-world evidence.

Our experience confirms the efficacy of pasireotide in

controlling UFC, especially in combined regimens, as well as the

difficulty of restoring circadian rhythm in CD, which may require

higher doses and prolonged treatments. We report for the first time

the association of pasireotide with metyrapone. This approach

appears useful especially in cases with poor tolerance or

hyperglycemia, but larger studies are needed to better assess the

effectiveness of this approach. While pasireotide adversely affects

glucose homeostasis, its positive effects, either alone or in

combination, on blood pressure, lipid profile, and body weight

justify its use under careful hyperglycemia management.
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