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Introduction: The clinical features and increased mortality associated with Cushing’s syndrome
result from a chronic excess of circulating cortisol. As LCI699 potently inhibits 118-hydroxylase,
which catalyzes the final step of cortisol synthesis, it is a potential new treatment for Cushing’s
disease, the most common cause of endogenous Cushing’s syndrome.

Methods: Adult patients with moderate-to-severe Cushing’s disease (urinary free cortisol [UFC]
levels >1.5 X ULN [upper limit of normal]) received oral LCI699 for 10 weeks in this proof-of-
concept study. LCI699 was initiated at 4 mg/d in two equal doses; the dose was escalated every 14
days to 10, 20, 40, and 100 mg/d until UFC normalized, whereupon the dose was maintained until
treatment ended (day 70). The primary endpoint was UFC = ULN or a =50% decrease from baseline
at day 70.

Results: Twelve patients were enrolled and completed the study. Baseline UFC ranged over 1.6—
17.0 X ULN. All 12 patients achieved UFC = ULN or a =50% decrease from baseline at day 70; 11
(92%) had normal UFC levels at that time. After treatment discontinuation (day 84), UFC was >ULN
in 10 patients with available measurements. Mean 11-deoxycortisol, 11-deoxycorticosterone, and
adrenocorticotropic hormone levels increased during treatment and declined after discontinua-
tion. Mean systolic and diastolic blood pressure decreased from baseline by 10.0 and 6.0 mmHg,
respectively. LCI699 was generally well tolerated; most adverse events (AEs) were mild or
moderate. The most common AEs included fatigue (7/12), nausea (5/12), and headache (3/12).
No serious drug-related AEs were reported.

Conclusions: LCI699 was efficacious and well tolerated in patients with Cushing'’s disease enrolled
in this proof-of-concept study. (J Clin Endocrinol Metab 99: 1375-1383, 2014)
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ushing’s syndrome is characterized by a chronic excess
C of cortisol secretion, which results in numerous clin-
ical features that are associated with a higher mortality
compared with the general population if not appropriately
treated (1). The most common cause of endogenous Cush-
ing’s syndrome is Cushing’s disease (~70%), which is
caused by an ACTH-secreting pituitary tumor (2, 3).

The treatment goals for Cushing’s disease are to de-
crease elevated cortisol levels—ideally reverting to normal
pituitary—adrenal axis function—and to reverse the signs
and symptoms of chronic hypercortisolism. First-line
treatment is transsphenoidal surgery to remove the pitu-
itary tumor (3). Although pituitary surgery is currently the
only therapeutic option that can fulfill all the treatment
aims, it is not always successful and relapses may occur
after successful initial surgery (4). Alternative treatment
options are therefore necessary and include pituitary ra-
diotherapy, bilateral adrenalectomy, and medical therapy.
Pasireotide (Signifor) is a multireceptor-targeted soma-
tostatin analog that acts directly on the tumoral cortico-
troph cells. It is currently the only medical therapy ap-
proved in the European Union and the United States for
the treatment of Cushing’s disease and is licensed for use
in patients for whom surgery is not an option or has failed
(5, 6). Mifepristone (Korlym), which is a glucocorticoid
receptor antagonist, is approved in the United States for
the control of hyperglycemia secondary to hypercortisol-
ism in patients with endogenous Cushing’s syndrome who
have type 2 diabetes mellitus or glucose intolerance and
have failed, or are not candidates for, surgery (7). Other
commonly used medical therapies include the dopamine
receptor agonist cabergoline (8, 9), which inhibits ACTH
oversecretion and is currently approved for the treatment
of hyperprolactinemia, and the steroidogenesis inhibitors
metyrapone (10), ketoconazole (11, 12), and mitotane
(13-15). Although a number of medical therapies are
available, not all patients will respond, and the available
evidence for agents used off-label is limited to retrospec-
tive studies. New medical therapies with improved effi-
cacy and safety profiles would therefore be valuable for the
treatment of Cushing’s disease.

LCI699 is a potent inhibitor of 11B-hydroxylase
(CYP11B1), the enzyme that catalyzes the final step of
cortisol synthesis, and has a half-life of ~4 hours (16).
LCI699 also inhibits aldosterone synthase (CYP11B2)
and has previously been shown to decrease blood pressure
(BP) in patients with essential hypertension and primary
aldosteronism (17, 18). The mechanism of action of
LCI699 is similar to that of metyrapone, which has been
used to treat patients with Cushing’s syndrome for many
years (10, 19). However, metyrapone is less potent against
11B-hydroxylase than LCI699 (in vitro ICs, of ~7.5 nM
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vs 2.5 nM for LCI699; Novartis Pharma AG, unpublished
data, 2013) and has a shorter half-life (<2 hours [20]).
Owing to its inhibitory effect on 11B-hydroxylase and
data demonstrating suppression of baseline and ACTH-
stimulated plasma cortisol levels (18), LCI699 is currently
under investigation as a potential new treatment for Cush-
ing’s syndrome. This open-label, proof-of-concept, single-
arm, multicenter study was conducted to assess the safety/
tolerability and efficacy of LCI699 in patients with
Cushing’s disease (LINC 1 study, LCI IN Cushing’s;
clinicaltrials.gov identifier NCT01331239).

Patients and Methods

Patient population and study design

Adult patients aged 1875 years with Cushing’s disease were
enrolled at six centers in Italy, France, and the United States.
Inclusion criteria were moderate-to-severe Cushing’s disease, as
confirmed by urinary free cortisol (UFC) levels >1.5 times the
upper limit of normal (ULN) based on the mean of at least two
24-hour urine samples collected within 14 days; a morning
plasma ACTH level above the lower limit of normal; and evi-
dence of a pituitary origin of the excess ACTH (based on a history
of magnetic resonance imaging confirmation of pituitary ade-
noma =6 mm with a positive dynamic test; or history of inferior
petrosal sinus gradient >3 after corticotropin-releasing hor-
mone stimulation; or determined histologically in patients with
previous pituitary surgery). Patients were excluded if they had
undergone major surgery within 1 month before screening;
poorly controlled diabetes mellitus as evidenced by glycosylated
hemoglobin (HbA,.) >9%; or compression of the optic chiasm.
The study was conducted in accordance with the Declaration of
Helsinki, and an independent ethics committee, or institutional
review board, for each study site approved the study protocol. All
patients provided written informed consent to participate in the
trial.

Initially, there was a 60-day screening period to allow ade-
quate washout of any prior medications that modified cortisol
levels. After screening, there was a 10- to 14-day baseline period,
a 10-week treatment period (days 1-70), and a 14-day washout
period (days 71-84) (Figure 1). During the treatment period,
LCI699 was given orally in two equal doses, one in the morning
and one in the evening. Treatment dose was initiated at 4 mg/d
and then escalated every 14 days to 10, 20, 40, and 100 (max-
imum allowed dose) mg/d. If UFC normalized during the esca-
lation period, the dose was maintained at the effective level until
the end of active treatment (day 70). If a patient’s UFC had
normalized but subsequently increased to above the ULN, dose
escalation was resumed. The final evaluation was conducted 14
days after the last drug administration (day 84). Dose reductions
during the treatment period were permitted for patients who
were unable to tolerate the protocol-specified dose scheme, or for
patients who experienced signs/symptoms of adrenal insuffi-
ciency. Patients were provided with an instruction sheet discuss-
ing the signs/symptoms of adrenal insufficiency and the details of
rescue medications that could be taken.
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Figure 1. LINC 1

Primary endpoint: assessment of UFC

The primary endpoint was the proportion of patients with
UFC = ULN or who had a =50% decrease from baseline at day
70. For the primary endpoint, the mean UFC level from at least
two 24-hour urine samples collected at baseline and within the
10th week of treatment was used. Otherwise, UFC was assessed
from a single 24-hour urine sample taken on the penultimate day
of each 14-day treatment period. UFC levels were measured at
local laboratories that used different assays with different nor-
mal ranges; therefore, ULN values from each laboratory were
used to normalize the data (ULN ranged from 42.4 to 135.0
ng/24 h). Two different techniques were used to measure UFC:
an electrochemiluminescent immunoassay was used in Paris,
France and Naples, Italy (both used Immulite 2000 Automated
Chemiluminescent System, Siemens; coefficient of variation
[CV] 0f 12%; cross-reactivity of 1.6 % with 11-deoxycortisol), in
Boston, MA, USA (Architect Cortisol assay, Abbott Laborato-
ries; CV =20% for samples =3 to =35 pg/dL; cross-reactivity of
1.9% with 11-deoxycortisol), and in Ancona, Italy (Access Cor-
tisol assay, Beckman Coulter; CV <12%; cross-reactivity of
17.8% with 11-deoxycortisol); liquid chromatography-tandem
mass spectrometry (LC-MS/MS) was used in Portland, OR, USA
(Quest Diagnostics; CV =20%; no known cross-reactivity with
11-deoxycortisol) and Cleveland, OH, USA (Cortisol Urine Free
test, Arup Laboratories; CV <8.8%; cross-reactivity of 0.4%
with 11-deoxycortisol).

Secondary endpoints: pharmacodynamic
parameters

The key secondary endpoints were changes from baseline in
various pharmacodynamic parameters to evaluate the impact of
LCI699 on the hypothalamic—pituitary—adrenal and gonadal
axes. Parameters evaluated included cortisol (in plasma); ACTH
(plasma); 11-deoxycortisol (plasma); 11-deoxycorticosterone
(plasma, urine); aldosterone (plasma, urine, saliva); renin (plas-
ma); testosterone, estradiol, LH, and FSH (serum); insulin (se-
rum); and HbA . (whole blood). All pharmacodynamic param-
eters assessed as a secondary endpoint (ie, all parameters except
UFC) were measured at each visit and were analyzed at one of
two central laboratories (Quest Diagnostics or Quotient). Min-
eralocorticoid and glucocorticoid parameters were assessed us-
ing LC-MS/MS (plasma 11-deoxycortisol, plasma and urinary
11-deoxycorticosterone, plasma cortisol, and plasma and sali-
vary aldosterone; CV =20% [except estradiol, which had a CV
=30%]; no known or negligible cross-reactivity), RIA (plasma
renin and urinary aldosterone; CV =20%; no known or negli-
gible cross-reactivity), or chemiluminescent immunoassay
(ACTH; CV =10%; reagents formulated to minimize the risk of
interference).

t t t t t

UFC UFC UFC UFCforthe UFC
primary endpoint

study design.

Pharmacokinetics

Trough LCI699 concentrations were measured 12 hours after
the penultimate evening dose at the end of each 14-day treatment
period, up to day 70. Pharmacokinetic calculations were per-
formed using WinNonlin (Pharsight Products).

Safety assessment

Safety was assessed based on the monitoring and recording of
all adverse events (AEs), which were defined using terminology
in the Medical Dictionary for Regulatory Activities (MedDRA
version 13.1). Laboratory evaluations (hematology, clinical
chemistry, and urinalysis) and vital signs (including BP and
weight) were performed at each visit. Sodium and potassium
levels were measured at each visit and analyzed at central (urine
samples) or local (serum samples) laboratories.

Statistical analyses

A sample size of 12 to 15 patients was required to provide
70% to 84% power to reject the null hypothesis of a 15% re-
sponse rate when the alternative hypothesis of a 50% response
rate was true based on an exact binomial test for a single pro-
portion ata significance level of 0.05. This assumed that response
rates of =15% were unacceptable and that rates of =50% were
considered a good indication of a beneficial effect. The propor-
tion of responders among patients with UFC measurements at
both baseline and day 70 and the associated 95% confidence
intervals were calculated using the exact binomial test. Patients
with at least two 24-hour UFC measurements at both baseline
and day 70 were included in the primary efficacy population.
Summary statistics of UFC levels and pharmacodynamic param-
eters were evaluated at each visit and a paired # test was per-
formed to compare levels at baseline vs day 70; values were
log-transformed before analysis. Point estimates and associated
95% confidence intervals for the ratio of geometric means (day
70/baseline) were obtained from the paired ¢ test. Missing values
were not imputed for the primary analysis but were imputed
using last observation carried forward for other analyses. All
patients with evaluable pharmacokinetic data were included in
the pharmacokinetic population. All patients who received at
least one dose of study drug were included in the safety
population.

Results

Patient population

Twelve patients, all of whom had received prior pitu-
itary surgery and none of whom had previously received
pituitary irradiation, were enrolled and all completed the
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Figure 2. UFC levels over time in individual patients (a—l). On each individual plot, the values in the bar at the top represent the total daily doses
of LCI699 in milligrams per day; the dotted line represents 50% of the baseline value; the solid line represents the ULN for the assay used for that
particular patient; and the shaded area represents the 14-day washout period post-LCI699 dosing.

study. The mean age of patients was 39 years (SD 10.3;  Efficacy of LCI699: UFC
range 25-55), with a female-to-male ratio of 8:4; all pa- By day 70, all 12 patients (95% confidence interval:
tients were Caucasian and had a mean body mass index ~ 74%, 100%) normalized UFC levels or achieved a >50%
of 33.8 kg/m? (SD 8.5; range 23.8—-48.7). Most patients  reduction in UFC; the mean *+ SD time to achieving this
(83%) had microadenomas and all had undergone prior ~ response was 34.3 * 14.1 days. UFC levels normalized at
pituitary surgery. At the time of study entry, the mean least once during treatment in all 12 patients, and 11 of 12
UFC was 4.7-fold above the ULN (SEM 1.3;range 1.6—  patients (91.7%) had UFC levels within the normal range
17.0). Only one patient had received medical therapy on day 70. Individual patient responses and doses are
for Cushing’s disease (cabergoline) before enrollment;  shown in Figure 2. A notable decrease in mean UFC level
the patient stopped cabergoline treatment >8 weeks  was seen after 28 days when most patients had completed
before dosing with LCI699. All 12 patients had three  the 10 mg/d dose, and UFC levels continued to decline to
UFC collections at baseline; at day 70, nine patients had ~ day 70 (Figure 3). Overall, 75% of patients (n = 9)
at least two UFC collections and three patients had one  achieved normalized UFC with an LCI699 dose of =20
collection. mg/d; most of these patients required 10-20 mg/d. The
remaining three patients required
LCI699 doses of 30, 40, and 100
mg/d, respectively. The mean = SEM
UFClevel was 0.6 = 0.1 ULN on day
70 (range 0.1-1.4). The geometric
mean ratio of 0.139 indicates a sig-
nificant mean UFC reduction of
86% from baseline (P < .0001).
In the nine patients who had at
least two UFC measurements at both
Time (days) baseline and day 70 and therefore
Figure 3. UFC (fold ULN) over time in all patients. Data are mean + SEM. met the predetermined criterion for

71 LC1699 dose escalation

Mean UFC = SEM (fold ULN)
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the primary efficacy endpoint, all had normal UFC levels
at the end of the treatment period. The geometric mean
ratio of 0.103 indicates a significant mean UFC reduction
of 90% from baseline (P < .001) in these patients.

After treatment discontinuation (day 84), mean UFC
returned to levels above ULN in the 10 patients with avail-
able samples.

Other pharmacodynamic markers

Morning plasma levels of cortisol and aldosterone de-
creased significantly from baseline to day 70 (geometric
mean: 24.9 to 10.2 pg/dL, P <.001,and 4.2 to 1.3 ng/dL,
P = .03, respectively). A significant increase in plasma
levels of the precursors 11-deoxycortisol (geometric
mean: 84 to 1098 ng/dL, P < .0001) and 11-deoxycorti-
costerone (geometric mean: 3.5 to 147.5 ng/dL, P <
.0001) was observed from baseline to day 70 (Figure 4).
Plasma levels of all four parameters recovered toward
baseline after 14 days’ washout (day 84). Salivary aldo-
sterone levels showed a similar pattern of response to
plasma levels, while most urinary aldosterone results were
below the level of quantification of the assay and data were
therefore not measurable. Plasma renin levels decreased
during LCI699 treatment (geometric mean: 13 to 8 ng/L)
and remained suppressed on day 84 (Figure 4), although
these changes were not statistically significant (P = .19).

jcem.endojournals.org 1379

A number of patients received drugs during the study that
could potentially interfere with the renin—angiotensin-al-
dosterone system (eg, lisinopril, n = 3; ibuprofen, n = 2;
atenolol, n = 1;spironolactone, n = 1). However, because
of the small patient population, we are unable to perform
a proper statistical evaluation of the effect of LCI699 treat-
ment on the renin—angiotensin—aldosterone system. Uri-
nary levels of 11-deoxycorticosterone increased 18-fold
from baseline to day 70. The decrease in UFC resulted in
a compensatory increase in plasma ACTH levels from
baseline to day 70 (geometric mean: 71.2 to 173.8 pg/mL,
P = .012).

No important change in insulin levels was observed,
although a small but notable decrease in HbA, . was noted
(0.3%, P = .056). Three patients had baseline HbA, _ lev-
els >6.5% (8.2%, 8.8%, and 6.6%, respectively) and
showed a 0.3%, 0.5%, and 0.8% decrease in HbA,, re-
spectively. The patient with baseline HbA,. levels of
8.8%, as well as two additional patients (who had base-
line/day 70 HbA, . values of 5.7/5.7% and 6.1/6.2%), re-
ceived antidiabetic medication during the study.

In the eight female patients, geometric mean serum tes-
tosterone levels increased significantly at day 56 (the last
day that testosterone was measured during LCI699 treat-
ment) from 27.8 to 60.7 ng/dL (P = .034) and then de-

ACTH 11-deoxycortisol 11-deoxycorticosterone
(pg/mL) (ng/dL) (ng/dL)
200 - 1200 - 160
P=0.012 P<0.0001 140 PM1
1000 -
150 + 120
800 4 100
100 + 600 4 80
60
ULN 400 +
50 -- == == 40
200 quLn 20
0 o [ 3 N
1 70 84 1 70 84 1 70 84
Time (days) Time (days) Time (days)
Renin Aldosterone Testosterone (8 females) Testosterone (4 males)
(ng/L) (ng/dL) (ng/dL) (ng/dL)
60 4 - - o 5 1 70 - 300 -
ULN (>40 years) - P=0.034 P=0.094
50 1 4 - B0 NN T T
40 J ULN (18-40 years) SOfuw __ . 200 1
______________ 3 1 40 \
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Figure 4. Levels of pharmacodynamic markers before, during, and after treatment with LCI699. All data are geometric means. All P values are
day 70 (day 56 for testosterone) vs baseline. ULN for each parameter is as follows: ACTH, 50.5 pg/mL; 11-deoxycortisol, 119 ng/dL; renin, 38.7
ng/L in patients aged 18—40 years and 59.4 ng/L in patients aged >40 years; testosterone, 45.0 ng/dL (females). LLN for testosterone in males is
250.1 ng/dL. No ULN is available for 11-deoxycorticosterone or aldosterone (which is affected by diet and body posture) as the LC-MS/MS assay
was specifically designed for this study and no normal ranges have been established. Day 84 represents the 14-day washout period post-LCI699

dosing. LLN, lower limit of normal.
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clined toward baseline values at day 84 (Figure 4). Six of
these patients had testosterone levels within the normal
range at baseline and levels above ULN on day 56. One
patient had high levels of testosterone before dosing that
remained at a similar level throughout treatment, whereas
the remaining patient had levels above ULN at screening
but not at baseline, with levels that continued to fluctuate
throughout the study. No significant changes in estradiol,
LH, or FSH were observed in the female patients. Of note,
no female patients enrolled in the study were postmeno-
pausal. In the four male patients, geometric mean serum
testosterone levels increased nonsignificantly from 82.8
ng/dL at baseline to 254.6 ng/dL at day 56. A 7.5-fold
decrease in LH was noted, with samples from all males
being below the level of quantitation (<0.2 U/L) on day 70
(data not shown).

Pharmacokinetic analysis

Two patients were excluded from the pharmacokinetic
analysis (because their blood samples were received
thawed and could not be used). The trough LCI699
plasma concentrations from the remaining 10 patients
ranged from 0.34 ng/mL (after the 4 mg/d dose) to 204
ng/mL (after the 100 mg/d dose).

Safety and tolerability

AEs

All patients experienced at least one AE during LCI699
treatment. The most common AEs were gastrointestinal
events, including nausea and diarrhea (Table 1). Most AEs
were mild or moderate in nature and none led to treatment
discontinuation. There were no reports of changes in liver
enzyme levels during LCI699 treatment. Four patients had
AEs that were managed with dose reduction (from 20 to

Table 1. Most Common AEs® During Treatment With
LCI699 (n = 12), as Reported by the Investigator
(occurring in at least two patients)

AE n (%)

Fatigue 7 (58.3)
Nausea 5(41.7)
Diarrhea 3(25.0)
Headache 3 (25.0)
Hypokalemia 3(25.0)
Muscle spasms 3(25.0)
Vomiting 3 (25.0)
Abdominal discomfort 2(16.7)
Abdominal pain 2(16.7)
Arthralgia 2(16.7)
Arthropod bite 2(16.7)
Dizziness 2(16.7)
Lipase increased 2(16.7)
Pruritus 2(16.7)

@ Assessed based on MedDRA preferred terms.
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10 mg/d in three patients and from 10 to 4 mg/d in one
patient, which lasted from 4 to 34 days) or temporary
interruption (maximum of two consecutive doses were
withheld); these AEs were consistent with adrenal insuf-
ficiency and/or steroid withdrawal (moderate fatigue in
three patients, mild nausea in two patients, and mild diz-
ziness, mild muscle spasms, and moderate hypotension
[systolic/diastolic BP 90/60 mmHg] in one patient each).
This is supported by the fact that UFC levels before the AE
were below ULN in three of the four patients, whereas the
other patient had a plasma aldosterone level below the
lower limit of detection (28 pmol/L). One of the patients
who experienced fatigue received a single dose of hydro-
cortisone. One patient, who experienced edema during the
study, had a weight increase of 19 kg; during treatment,
the patient’s 11-deoxycorticosterone levels increased 140-
fold and ACTH levels increased 17-fold. The patient had
a large pituitary macroadenoma and, notably, experi-
enced a 7-kg weight gain within the month before the start
of the study. One male patient experienced mild acne on
day 71, which was ongoing at day 84 but required no
treatment. During the treatment period, the patient’s 11-
deoxycortisol levels increased ~10-fold; his 11-deoxycor-
ticosterone levels increased ~22-fold, and his testosterone
levels increased ~2.5-fold (although they were still within
the normal range). There were no reported AEs of hirsut-
ism in the female patients. One serious AE (SAE) was re-
ported but was not suspected to be related to study drug.
The patient experienced anemia (hemoglobin level rapidly
decreased from 7.5 to 4.1 g/dL), with palpitations and
chest pain secondary to reactivation of previous Takayasu
arteritis. This event resolved with transfusion and may
have been related to resolution of hypercortisolemia.

Changes in clinical and laboratory features

There were no clinically relevant changes in mean vital
signs or electrocardiogram measurements over the study
period. Mean = SEM body weight increased from baseline
to day 70 by 3.5 * 1.4 kg; excluding the patient with
edema, who had a weight increase of 19 kg, overall mean
body weight increased by 2.4 kg. On day 70, mean = SEM
systolic and diastolic BP had decreased from baseline by
10.0 = 4.3 (range —36 to 8) and 6.0 = 4.3 (range —34 to
10) mmHg, respectively (Table 2). Of three patients who
were clearly hypertensive at baseline (systolic BP >140
mmHg and diastolic BP >90 mmHg), two were normo-
tensive at day 70 and one remained hypertensive.

There was a small initial increase in mean serum po-
tassium (<0.2 mEq/L) from baseline to day 14, followed
by a slow decrease to below baseline by day 70; levels
returned to baseline after treatment discontinuation (day
84). The overall mean = SEM decrease in potassium levels
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Table 2. Clinical and Laboratory Features During LCI699 Treatment

Baseline Day 70 Change From

(n=12) (n=12) Baseline (n = 12)
Systolic BP, mmHg 139.3 4.4 129.3 =55 —10.0 =43
Diastolic BP, mmHg 88.8 £ 3.8 82.8 £3.0 —-6.0x43
Weight, kg 96.8 = 8.8 100.3 £ 9.5 35+ 1.4
Glucose, mmol/L 54 0.5 57+04 0.3 *=0.3
Potassium, mEg/L 4.1 + 0.1 3.8+0.2 -03*0.2
Sodium, mEg/L 140.3 = 1.1 140.8 £ 1.0 0.5*1.1

Data are mean = SEM.

from baseline during LCI699 treatment was —0.3 = 0.2
mEq/L (range —1.3t0 0.5, P = .083), representing an 8 %
decrease. No patients had hypokalemia at baseline. Four
patients experienced study-drug-related hypokalemia
during treatment, defined as potassium levels <3.5 mEq/L
(minimum recorded value was 3.1 mEq/L). This was re-
ported as an AE in only three patients (see Table 1), as the
minimum recorded value in one patient was below 3.5
mEq/L but not below the lower limit of normal at the
reporting center. All three patients received oral potassium
supplementation and had subsequent potassium values
>3.5 mEq/L. No LCI699 dose reductions were required
due to hypokalemia. There were no notable changes in
serum sodium levels (mean change of 0.5 = 1.1 mEq/L
from baseline to day 70; range —8 to §). Treatment with
LCI699 had no notable effects on urinary potassium or
sodium levels.

There were no marked changes in hematology values at
day 70. A slight reduction (1 g/dL) in mean hemoglobin
was observed between days 28 and 70, but this was not
considered to be treatment related and was driven by the
patient with an SAE of anemia.

Discussion

This 10-week, multicenter, proof-of-concept study dem-
onstrated that LCI699, a potent inhibitor of 113-hydrox-
ylase, rapidly and effectively decreased UFC levels in pa-
tients with moderate-to-severe Cushing’s disease. UFC
levels were normalized at least once in all 12 patients, and
11 patients had normalized UFC at the end of treatment
with LCI699.

Oral doses of LCI699 10-20 mg/d were most fre-
quently associated with UFC normalization, which sug-
gests that this dose range may be appropriate for use in
future investigations. In the current study, the interval be-
tween dose escalations was dependent on UFC assess-
ments, which were performed every 14 days.

Data from previous studies showed that lower doses of
LCI699 (0.25-2 mg/d) decreased aldosterone, inhibited

ACTH-induced cortisol stimulation, and increased 11-de-
oxycorticosterone levels in patients with essential hyper-
tension and primary aldosteronism (17, 18). The present
study demonstrated that LCI699 has similar effects in pa-
tients with Cushing’s disease. These changes, particularly
the substantial increase in plasma 11-deoxycorticosterone
levels, suggest that hypermineralocorticism may have re-
sulted in weight gain and decreases in potassium and renin
levels. Three patients experienced hypokalemia that was
considered by the investigator to be related to treatment;
levels returned to normal with modest potassium supple-
mentation, and no LCI699 dose reductions for hypoka-
lemia were needed. There was a trend toward a decrease
in BP, which is a potentially important benefit in this pa-
tient population. It could be hypothesized that the de-
creased BP, despite a state of hypermineralocorticism, is a
beneficial effect of LCI699 treatment in decreasing excess
cortisol levels; other mechanisms, including a direct effect
of cortisol lowering on the blood vessel wall, are also pos-
sible (21). Because changes in antihypertensive medica-
tions were not restricted during the study, a number of
patients started/stopped medication or changed to a dif-
ferent medication. Thus, it is not possible to interpret the
effects of antihypertensive medication on changes in BP. In
addition, no statistical analysis of the changes in BP was
possible because of the small patient population; larger
studies that also take into account the possible use and
doses of concomitant antihypertensive medications are re-
quired to investigate this further.

Despite the similarities in the mechanism of action be-
tween LCI699 and metyrapone, LCI699 is a more potent
drug and appears to be effective at doses around 100 times
lower. Although metyrapone has been used to treat pa-
tients with Cushing’s syndrome, most published studies
were not based on well-defined efficacy endpoints and
were often conducted in patients who received metyra-
pone after, or in parallel with, pituitary radiotherapy (10,
19, 22, 23). One of the most significant adverse effects of
long-term treatment with metyrapone is hirsutism in
women due to increases in testosterone levels (10, 19). In
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one study, testosterone levels increased from a baseline
median of 63.4 ng/dL (range 23.1-126.8) to a peak me-
dian of 193.1 ng/dL (range 77.8-495.7) (10). In the pres-
ent study, testosterone levels increased significantly in the
female patients who received LCI699, from a baseline
mean of 28.8 to 60.5 ng/dL by day 56. However, as could
be expected in this short 10-week study, no cases of hir-
sutism were reported. Increases in testosterone levels were
also observed in male patients; however, the small male
population (n = 4) did not allow for a valid statistical
analysis. Although it is interesting that testosterone levels
increased in men (potentially due to reproductive system
recovery as cortisol levels decreased), the data are not suf-
ficient to draw any definitive conclusions. Further studies
will evaluate the respective roles of the adrenals and/or the
gonadotropins in hormonal changes during LCI699
treatment.

Treatment with LCI699 was well tolerated. Most AEs
were mild or moderate and none led to treatment discon-
tinuation. Only one patient experienced an SAE, which
was not suspected to be related to LCI699 and resolved
with additional treatment. As could be anticipated with
such a potent drug, some patients had clinical effects that
were consistent with adrenal insufficiency and/or steroid
withdrawal based on clinical evidence (UFC levels were
<ULN). It is worth noting that the unequivocal demon-
stration of hypoadrenalism would have required the use of
a dynamic test such as ACTH stimulation or the assess-
ment of early-morning baseline plasma cortisol, which,
although having lower sensitivity than ACTH stimula-
tion, can be diagnostic for adrenal insufficiency. In most
cases, these clinical effects resolved with temporary de-
creases in LCI699 dose (hydrocortisone was given to one
patient). Overall, these initial efficacy and safety data for
LCI699 are promising.

The limitations of the current study are that it was a
short-term study in a small patient population and it was
mainly designed as a proof-of-concept trial for future
LCI699 therapy. It was not designed to allow correlation
between the LCI699 dose required to normalize UFC and
the baseline hormonal data, or between the increase in
ACTH and the secondary increases in steroid precursors,
androgens, and mineralocorticoids. Although UFC levels
were measured using different assays at local laboratories,
ULN values were used to normalize the data; nevertheless,
the use of different assays with different ULN values is a
limitation of the study. In addition, dose escalation during
the study period was based on a single UFC measurement;
this is also a limitation considering the natural day-to-day
variation in cortisol levels (24). It should also be noted that
adrenal insufficiency was assessed based on clinical judg-
ment; one of the limitations of treating Cushing’s disease

J Clin Endocrinol Metab, April 2014, 99(4):1375-1383

is that there are no biomarkers that can reliably detect
hypoadrenalism.

In conclusion, LCI699 demonstrated efficacy with a
satisfactory safety and tolerability profile in this proof-of-
concept study in Cushing’s disease. A larger study of lon-
ger duration is ongoing to further evaluate the efficacy and
safety of LCI699 in patients with Cushing’s disease (LINC
2 study; clinicaltrials.gov identifier NCT01331239).
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