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Background

Although surgery is considered the first-line treatment for patients with endogenous Cushing’s syndrome (CS), medical therapy is often required to control severe hypercortisolism. Metyrapone and osilodrostat are both steroidogenic inhibitors targeting the 11β-hydroxylase, however, their therapeutic effectiveness has not yet been directly compared. This study aimed to evaluate metyrapone and osilodrostat in the short-term therapy of CS.



Methods

Retrospective analysis of patients with endogenous CS treated with metyrapone or osilodrostat as monotherapy for at least 4 weeks. Main outcome measures were serum cortisol and 24h urinary free cortisol (UFC) at baseline (T0) and after 2 (T1), 4 (T2), and 12 weeks (T3) of therapy.



Results

16 patients with endogenous CS were identified (pituitary n=7, adrenal n=4, ectopic CS n=5). Each 8 patients were treated with metyrapone and osilodrostat. Despite heterogeneity, both groups showed comparable mean UFC levels at T0 (metyrapone: 758 µg/24h vs osilodrostat: 817 µg/24h; p=0.93). From T0 to T1, the decrease of UFC was less pronounced under metyrapone than osilodrostat (-21.3% vs -68.4%; median daily drug dose: 1000 mg vs 4 mg). This tendency persisted at T2 (-37.3% vs -50.1%; median drug dose: 1250 mg vs 6 mg) while at T3 a decrease in UFC from T0 was more pronounced in the metyrapone group (-71.5% vs -51.5%; median dose 1250 mg vs 7 mg). Under osilodrostat, a QTc-interval prolongation was identified at T3 (mean 432 ms vs 455 ms). From T0 to T2, the number of antihypertensive drugs remained comparable under metyrapone and decreased under osilodrostat (n= -0.3 vs n= -1.0).



Conclusion

Although both drugs show comparable therapeutic efficacy, osilodrostat seems to reduce cortisol levels and to control blood pressure faster.
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1 Introduction

Endogenous Cushing’s syndrome (CS) is a rare disorder with an incidence of 0.2–5.0 per million people per year (1). If the underlying glucocorticoid excess is not properly diagnosed and rapidly treated, it may lead to several comorbidities and increased mortality (2–4).

Surgery is considered the first-line treatment for patients with endogenous CS (2), e.g. transsphenoidal adenomectomy in Cushing’s disease (CD) or adrenalectomy in case of cortisol-producing adrenal adenomas (CPA) or adrenocortical carcinomas (ACC). However, medical therapy is often required, e.g. to reduce perioperative risk, to control persistent hypercortisolism after surgery, or in case of advanced disease due to ectopic CS or ACC (5–7). Drugs that are typically used for this purpose are inhibitors of the adrenal steroidogenesis, glucocorticoid receptor blockers, and (in case of CD) somatostatin receptor ligands or dopamine receptor agonists (2). Among the adrenal steroidogenesis inhibitors, metyrapone and osilodrostat selectively inhibit the last enzyme of the cortisol biosynthesis, 11β-hydroxylase (CYP11B1), preventing the conversion of 11-deoxycortisol into cortisol. Metyrapone was first described in the 1950s and is still widely used today (8–11). Osilodrostat was approved by the European Medicines Agency (EMA) only recently, explaining why studies on its therapeutic efficacy are limited (6, 12–17). Furthermore, a direct comparison between metyrapone and osilodrostat has not yet been described.

The primary aim of this retrospective monocentric study was to compare the short-term efficacy of metyrapone and osilodrostat on cortisol levels in patients with endogenous CS.



2 Subjects and Methods


2.1 Subjects

Patients with endogenous CS admitted to the University Hospital Würzburg were retrospectively reviewed. Those who were treated with metyrapone or osilodrostat as monotherapy for at least four weeks between December 2017 and December 2021 were considered eligible. CS was diagnosed according to established criteria (2, 18, 19). The investigated time points are visualized in Figure 1. Hormonal workup with basal serum cortisol (taken from 08:00 and 10:00 a.m.), serum cortisol after an overnight 1 mg dexamethasone suppression test (DST), and 24h urinary free cortisol (UFC) was performed in all patients before any medical treatment (baseline, T0). Furthermore, biochemical routine parameters (sodium, potassium, transaminases, creatinine, cholesterol, lipoproteins, triglycerides, leukocytes), blood pressure, and electrocardiogram were also evaluated at T0. Follow-up visits were carried out after 2 weeks (T1), 4 weeks (T2), and 12 weeks (T3) of therapy. Analysis of hormonal and biochemical routine parameters (electrolytes, transaminases, creatinine, and leukocytes) was performed at T1, T2, and T3. Cholesterol, triglycerides, and blood pressure were analyzed at T2. Electrocardiography was repeated at T2 and T3 (Figure 1).




Figure 1 | Timeline of the study with description of follow-up visit. The data analysis was performed at baseline (T0), after 2 weeks (T1), after 4 weeks (T2) and after 12 weeks (T3). ALT, alanine transaminase; AST, aspartate aminotransferase; Crea, creatinine; ECG, electrocardiography; GGT, gamma-glutamyltransferase; K, potassium; LDL, low density lipoprotein; UFC, urinary free cortisol.



All patients provided written informed consent to at least one of two disease-specific clinical registries, which were approved by the local ethics committee of the University Hospital of Würzburg (approval number 88/11 for the European Network for the Study of Adrenal Tumors registry and approval number 85/12 for the Network of Excellence for Neuroendocrine Tumors registry).



2.2 Methods


2.2.1 Hormonal Analysis

As previously performed (20, 21), commercially available analytical procedures were used for measurement of serum and salivary cortisol (the Immulite 2000 Xpi from Siemens), and for the analysis of UFC (a manual radioimmunoassay from Immuntech).



2.2.2 Electrocardiogram Analysis

For the analysis of the QTc-interval the Bazzett formula [QTc=QT/√(RR/1seconds)] was used.



2.2.3 Statistical Analysis

Continuous variables were reported as mean ± standard error of mean (SEM) or as median with range, whereas categorical variables were provided as numbers and percentages. Data distribution was evaluated with the Shapiro-Wilk test. Parametric and non-parametric data were analyzed with Student´s T-tests and Mann-Whitney U test, as appropriate. Dichotomic variables were analyzed with the Fisher’s exact test or the Chi-square (χ2) test. To compare the effect of metyrapone and osilodrostat on hormonal and biochemical parameters, a two-way repeated measures ANOVA was used. The delta (change) percentage from T0 to a subsequent study time point was calculated to evaluate the alteration of a parameter during the course of medical treatment with metyrapone or osilodrostat. A p-value < 0.05 was considered statistically significant.

Statistical Analysis was performed with SPSS version 26 (IBM Corporation, Armonk, NY, USA) and GraphPad Prism version 8 (GraphPad Software, San Diego, CA, USA).





3 Results


3.1 Study Population

In total, 7 patients with CD, 5 patients with ECS, and each 2 patients with CPA and ACC were analyzed. The metyrapone population consisted of 2 patients with CD, 4 patients with ECS, 1 patient with CPA, and 1 with ACC. The osilodrostat population included 5 patients with CD, 1 patient with ECS, 1 patient with CPA, and 1 patient with ACC (Table 1). Except for the ACC patients who were previously treated with a platinum-based chemotherapy (etoposide, doxorubicin, cisplatin) along with mitotane, none of these patients had previous or concomitant drug therapy for hypercortisolism. In both ACC patients mitotane was suspended at least 2 months before starting with metyrapone or osilodrostat. Previous surgery was performed in 2 patients under metyrapone (each 1 with CD and ACC) and in 3 patients under osilodrostat (2 with CD and 1 with ACC). Prior radiotherapy was performed in 1 patient with CD under metyrapone. No significant differences were observed between the 2 groups considering sex, age, basal serum morning cortisol, serum cortisol after DST, UFC, and ACTH (Table 1). Clinical characteristics of the entire cohort of patients at T0 are summarized in Table 1 and reported in Supplementary Table 1.


Table 1 | Clinical characteristics of the two study groups.



Mean time of therapy was 17.0 ± 3.4 weeks for the metyrapone group and 9.5± 1.1 weeks in the osilodrostat group (p < 0.0001).

Median drug dose in the metyrapone group was 1000 mg at T1 (number of patients, n = 7), 1250 mg at T2 (n = 8), and 1250 mg at T3 (n = 5). For osilodrostat, median dose was 4 mg at T1 (n = 6), 6 mg at T2 (n = 8), and 7 mg at T3 (n = 4).



3.2 Hormonal Values

In the metyrapone group, mean serum cortisol was 27.8 ± 5.5 µg/dL at T0 (normal range 5-25 µg/dl). During follow-up, mean serum cortisol was 21.0 ± 3.8 µg/dL at T1 (p = 0.61 compared with T0), 22.3 ± 2.0 µg/dL at T2 (p = 0.67), and 8.3 ± 2.5 µg/dL at T3 (p = 0.007) (Figure 2A). In the osilodrostat group, mean serum cortisol was 22.8 ± 3.5 µg/dL at T0, 21.1 ± 6.4 µg/dL at T1 (p = 0.99 compared with T0), 18.7 ± 4.3 µg/dL at T2 (p = 0.82) and 13.0 ± 1.6 µg/dL at T3 (p = 0.44) (Figure 2A).




Figure 2 | Changes of basal serum cortisol and 24h-urinary free cortisol during the follow-up in patients treated with metyrapone or osilodrostat. Changes in absolute values (A) and delta percentage (B) of morning basal serum cortisol during metyrapone or osilodrostad treatment from T0 (baseline) to 2 weeks (T1), 4 weeks (T2) and 12 weeks (T3) of therapy. Changes in absolute values (C) and delta percentage (D) of 24h-urinary free cortisol during metyrapone or osilodrostad treatment from T0 (baseline) to 2 weeks (T1), 4 weeks (T2) and 12 weeks (T3) of therapy. Absolute values are reported with mean and standard error of mean (SEM). Normal range of serum cortisol and 24h-urinary free cortisol is reported within the dotted lines in (A, B).



Compared to T0, at T1 serum cortisol decreased by 4.9% in patients treated with metyrapone, and by 14.4% in patients treated with osilodrostat (p = 0.63) (Figure 2B). This difference was comparable to the results at T2 (-4.2% for metyrapone and -17.2% for osilodrostat, always compared to T0, p = 0.57). At T2, serum cortisol levels were below 25 µg/dL in 5/8 (62.5%) patients under metyrapone and in 5/8 (62.5%) patients under osilodrostat. At T3, a more pronounced decrease of cortisol was found in the metyrapone than in the osilodrostat group (-51.1% vs -25.8%, always compared to T0, p = 0.23; Figure 2B). At this last time point, all patients under metyrapone (5/5) and under osilodrostat (4/4) presented with a morning serum cortisol below 25 µg/dl.

Mean UFC (normal range 0-70 µg/d) in the metyrapone group was 758 ± 309 µg/d at T0. At T1, T2 and T3 was 748 ± 434 µg/d (p = 0.99 compared to T0), 281 ± 87 µg/d (p = 0.73) and 53 ± 25 µg/d (p = 0.62). On the other hand, mean UFC under osilodrostat at T0 was 817 ± 644 µg/d. During follow-up, UFC levels were 74 ± 36 µg/d at T1 (p = 0.44), 117 ± 34 µg/d at T2 (p = 0.41) and 131 ± 55 µg/d at T3 (p = 0.55) (Figure 2C). From T0 to T1, UFC decreased more, but not significantly, in the osilodrostat group than in the metyrapone group (-21.3% vs -68.4%, p = 0.15) (Figure 2D). Comparing the two groups directly from T0 to T2, both groups showed a more comparable decrease of UFC (-37.3% under metyrapone vs -50.1% under osilodrostat, p = 0.59). At this time point, 0/6 patients treated with metyrapone and 3/7 patients (42.9%) under osilodrostat had a normalized UFC. At T3, the delta change of UFC from baseline was more pronounced in the metyrapone group (-71.5% vs -51.5%, p = 0.40) (Figure 2D). Moreover, 2/3 patients (66.7%) under metyrapone had a normalized UFC, compared to 2/4 patients (50%) of the osilodrostat group.

In order to prevent adrenal insufficiency, a “block and replace” therapy with hydrocortisone was initiated in a subgroup of patients. In the osilodrostat group, 2/8 patients received hydrocortisone at T2, facing 3/8 patients at T3. None of the patients under metyrapone received hydrocortisone at T2, whereas 3/5 patients had hydrocortisone at T3. Of note, no difference in UFC levels was identified by including or excluding patients with block and replace therapy in the analysis.



3.3 Blood Pressure and Antihypertensive Drugs

A reduction of both systolic and diastolic blood pressure was observed at T2 compared to T0 in the osilodrostat group at T2 (systolic -3.7%, mean 134.2 ± 5.7 mmHg, p = 0.07; diastolic -16.2%, 69.2 ± 6.6 mmHg, p = 0.07), whereas in the metyrapone group the systolic pressure did not change relevantly and the diastolic slightly increased (systolic +0.5%, 142.5 ± 6.9 mmHg, p = 0.12; diastolic +4.9%, 88.7 ± 4.2 mmHg, p = 0.35) (Figures 3A, B).




Figure 3 | Delta percentage of systolic and diastolic blood pressure and change in number of antihypertensive drugs under metyrapone or osilodrostat treatment during follow-up compared with baseline. Changes in percentage from T0 (baseline) of (A) systolic, (B) diastolic blood pressure after 4 weeks (T2) of metyrapone or osilodrostat therapy compared with baseline (T0). (C) Changes in number of anti-hypertensive drugs after two weeks (T1) and 4 weeks (T2) of treatment in comparison to baseline.



The effect of osilodrostat on the blood pressure allowed a mean reduction of one antihypertensive drug at T1 (Figure 3C).



3.4 Adverse Events

Metyrapone was discontinued after 4 weeks in 2 patients (both ECS) because of adverse events (asthenia and dizziness). 1 patient under metyrapone was lost to follow-up before T3. In the osilodrostat group, the therapy was discontinued in 1 patient with CD at T2 because of adverse events (depression, asthenia, and nausea), and in 2 additional patients after tumor resection (1 CD and 1 ECS). Another patient under osilodrostat did not show up at T3 for unknown reasons and was lost to follow-up.

At T1, 1 patient under metyrapone and one under osilodrostat required potassium replacement therapy. At T2 and T3, two patients under metyrapone and 3 patients under osilodrostat required potassium replacement therapy. Analysis of potassium levels was performed only in patients without potassium replacement therapy. No significant differences in potassium levels were identified at T1 and T2. However, at T3, no substantial changes in potassium levels was identified in patients under metyrapone (-1.5% from T0, 4.3 ± 0.4 mmol/L, p = 0.99), while in the osilodrostat group an increase (+9.6% from T0, 4.7 ± 0.1 mmol/L, p = 0.43) was detected.

As reported in Figure 4, a progressive increase of the QTc-interval was identified in the osilodrostat group, but not in the metyrapone one (455 ± 23 ms vs 432 ± 3 ms). Of note, in 1 patient under osilodrostat it was necessary to interrupt the therapy at T3 because of a QTc of 503ms.




Figure 4 | QTc-interval at baseline and during follow-up under metyrapone or osilodrostat treatment. Changes in absolute values of QTc-interval in electrocardiography under metyrapone or osilodrostat treatment. Electrocardiogram and QTc-interval analysis was performed at 4 weeks (T2) and at 12 weeks (T3). Values are reported with mean and standard error of mean (SEM).



Regarding aspartate aminotransferase (AST) and alanine aminotransferase (ALT), no substantial differences between the metyrapone and osilodrostat group were observed at T1, T2 and T3 (Supplementary Figures 1A, B).

We observed a not clinically relevant increase in creatinine levels in both groups (at T3 from T0, +2.4% under metyrapone, vs +15.3% under osilodrostat; Supplementary Figure 1C).




4 Discussion

We performed a retrospective analysis of patients with CS comparing the short-term effects of metyrapone and osilodrostat on hypercortisolism. Our data suggest that osilodrostat could reduce cortisol levels more rapidly than metyrapone, thereby allowing a better blood pressure control. Nevertheless, adverse effects like QTc prolongation under osilodrostat need to be carefully evaluated during therapy.

The efficacy of osilodrostat in different forms of CS was highlighted in previous studies, with a cortisol-normalization achieved 15 to 44 days after treatment initiation (6, 12–14, 16). In few of these cases, however, patients were previously or concomitantly treated with other drugs for hypercortisolism (13, 17). In our cohort, a reduction in UFC was obtained already after 2 weeks of therapy with osilodrostat, with a normalization of cortisol levels after 4 weeks in 42.9% of patients. This was achieved with a relative low dose of osilodrostat (6 mg/day), considering that a mean dose of 10 mg/day was reported in more than half of the patients in the phase III LINC3 trial (6). On the contrary, the metyrapone-dose was relatively high compared with a previous prospective study, in which mean doses of 750 mg and 1000 mg were reported after 1 and 3 months of treatment (8). Although the applied drug dosages of osilodrostat and metyrapone could not be directly compared, with this study we demonstrated that cortisol could be normalized with a relatively low dose of osilodrostat. Moreover, a faster decrease of UFC was achieved with osilodrostat, indicating that osilodrostat might have a superior short-time efficacy compared to metyrapone. However, this result needs to be further validated in larger (ideally prospective) studies.

The current study illustrated that metyrapone has an increasing efficacy over time. In detail, after a mild decrease of cortisol levels after 2 weeks and 4 weeks, an impressive reduction in UFC and a normalization of cortisol levels in 66.7% of the patients were identified after 12 weeks of therapy. This is in accordance with a previous report, where a 70% cortisol normalization rate was observed after 3 months (8).

During follow-up, we found a more pronounced decrease in both systolic and diastolic blood pressure under osilodrostat compared to metyrapone. A lower number of antihypertensive drugs under osilodrostat was observed after 4 weeks of treatment. In line with a previous study (8), metyrapone did not show a significant impact on blood pressure.

Hypokalemia is a well-known adverse effect of both metyrapone and osilodrostat. In fact, the inhibition of CYP11B1 indirectly causes an increase in steroid precursors with mineralocorticoid activity (6, 8). Aware of this adverse effect, we routinely performed potassium controls, and 2 patients under metyrapone and 3 patients under osilodrostat received an oral potassium replacement therapy. However, none of the patients presented severe hypokalemia (potassium <2.5 mmol/L). In patients receiving oral supplementation, potassium levels increased to the normal range.

A QTc-interval prolongation was described to be a relevant adverse event of osilodrostat, affecting 4% of the patients (6). In the present analysis, the QTc-interval increased over time as well. After 12 weeks of therapy, a mean QTc-interval of 455 ms was identified; in 1 patient, drug discontinuation was necessary due to a QTc interval of 503 ms. Accordingly, periodical controls with ECG under osilodrostat are recommended to identify relevant QTc prolongations. Of note, no significant QTc-interval prolongation was observed under metyrapone.

In the LINC 3 study, 4% of the patients showed an increase in ALT or AST under osilodrostat treatment (6). In our small study, no increase of transaminases during osilodrostat therapy was detected. This discrepancy could be due to the relatively lower dosage of osilodrostat that was used in our patients. Although hepatically metabolized, metyrapone it is not known to induce hepatic injury (2).

The current analysis has certainly relevant limitations. First, due to the rareness of CS and the very recent approval of osilodrostat by the EMA, the number of patients in both treatment groups is still very low and, therefore, the power for statistical comparisons is limited. Additionally, some patients were lost to follow-up or interrupted the therapy so at T3 only a reduced amount of patients was analyzed. Second, a retrospective design is always prone to bias and, obviously, no standardized management (e.g. regarding the dosage and follow-up visits) was implemented. This approach might have underestimated the adverse events. Third, both groups were inhomogeneous in terms of CS subtypes and clinical characteristics (although serum cortisol and UFC were comparable).

Nevertheless, to our knowledge, this is the first study that directly compared metyrapone and osilodrostat as short-term therapy of endogenous CS. The present analysis is, therefore, relevant for daily clinical practice, facilitating the choice of a certain steroidogenesis inhibitor when a prompt decrease of cortisol levels is indicated. Osilodrostat might be superior in rapidly reducing cortisol excess, but also clinical parameters like blood pressure. However, careful monitoring of the QTc intervals is required.
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Supplementary Figure 1 | Delta percentage of transaminase and creatinine under metyrapone or osilodrostat treatment during follow-up compared with baseline. Changes in percentage from T0 (baseline) of transaminases and creatinine throughout the study. Follow-up was performed at 2 weeks (T1), 4 weeks (T2) and 12 weeks (T3). ALT, alanine transaminase; AST, aspartate aminotransferase; GGT, gamma-glutamyltransferase.
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