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Context: Pituitary effects of long-term therapy with mifepristone, a glucocorticoid receptor an-
tagonist, in Cushing'’s disease (CD) patients are not well understood.

Objective: Our objective was to report changesin ACTH and pituitary magnetic resonance imaging
{MRI) findings during long-term use of mifepristone in CD patients.

Design and Setting: The Study of the Efficacy and Safety of Mifepristone in the Treatment of
Endogenous Cushing’s Syndrome (SEISMIC) was a 24-week, open-label study of mifepristone, and
its long-term extension (LTE) is a multicenter U.S. study.

Patients: Forty-three CD patients (mean age 45.3 years) were enrolled in SEISMIC with 27 continu-
ing into the LTE study.

Interventions: Mifepristone (300-1200 mg) was administered once daily.

Main Outcome Measures: ACTH and pituitary MRI were assessed at baseline and at regular inter-
vals during treatment.

Results: A =2-fold increase in ACTH was observed in 72% of patients treated for a median duration
of 11.3 months. The mean peak increase in ACTH was 2.76 = 1.65-fold during SEISMIC, and mean
ACTH concentrations remained stable during the LTE. ACTH was directly correlated with mifepri-
stone dose and declined to near baseline levels after mifepristone discontinuation. Tumor re-
gressed in 2 patients and progressed in 3 patients with macroadenomas. An additional microad-
enoma was identified after 25 months of treatment after a baseline tumor-negative MRI.

Conclusions: In the largest prospective study to date, long-term mifepristone treatment increased
ACTHin approximately two-thirds of patients with CD. ACTH elevations were observed within the first
few weeks of treatment, were dose-dependent, and generally remained stable over time. Corticotroph
tumor progression and regression may occur over time, but patients may have significant increases in
ACTH levels without evidence of tumor growth. {(J Clin Endocrinol Metab 99: 3718-3727, 2014)
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ushing’s disease (CD) is a serious condition of chronic
hypercortisolism caused by an ACTH-secreting pi-
tuitary tumor and is associated with increased morbidity
and mortality (1, 2). Transsphenoidal surgical resection of
the adenoma in patients with CD results in initial cure
rates between 65% and 90% (3), yet recurrence after ini-
tial surgical remission is reported in up to one-quarter of
cases (4). Radiotherapy is sometimes used when surgery
alone has been ineffective but often requires months to
years to be effective, and medical therapy is needed in the
interim (5, 6). Bilateral adrenalectomy (BLA) provides
prompt resolution of hypercortisolism but is irreversible
and mandates lifelong glucocorticoid and mineralocorti-
coid replacement (3, 7, 8). Medical therapies that target
ACTH or cortisol production or competitively antagonize
the glucocorticoid receptor (GR) are primarily used after
surgical failure (3, 6, 9).

Therapies that reduce the negative feedback of cortisol
at the hypothalamus and pituitary are expected to result in
secondary increasesin ACTH and cortisol (10). Drugs that
reduce cortisol levels such as metyrapone and mitotane
have been associated with increases in ACTH (11, 12);
interestingly, ACTH increases may be less commonly ob-
served in patients treated with ketoconazole possibly due
to an independent effect on ACTH inhibition (13, 14).
Castinetti et al (15) reported that the glucocorticoid an-
tagonist mifepristone can result in up to a 3-fold increase
in ACTH among CD patients. BLA usually results in com-
plete cortisol deficiency and represents the most dramatic
reduction in negative feedback; Assié et al (16) reported
that the median ACTH level increased 5-fold in the year
after BLA.

Nelson’s syndrome, characterized by a rapid enlarge-
ment of the pituitary tumor, elevations in ACTH, and
hyperpigmentation, is a severe complication caused by ab-
sent glucocorticoid negative feedback and occurs in ap-
proximately one-fourth of patients after BLA (3, 7, 16).
Improved diagnostics and imaging modalities have likely
led to a reduced frequency of Nelson’s syndrome (16, 17).
The role of necadjuvant radiotherapy in reducing tumor
progression is still controversial (17, 18). However, a re-
cent retrospective study suggested that prophylactic ste-
reotactic radiation before BLA could decrease the inci-
dence of Nelson’s syndrome (19). Mild corticotroph
tumor progression has been reported in one-fourth to one-
third of CD patients treated medically with mitotane or
ketoconazole (12, 20).

The Study of the Efficacy and Safety of Mifepristone in
the Treatment of Endogenous Cushing’s Syndrome (SEIS-
MIC) demonstrated that mifepristone, a competitive GR
antagonist, improved the metabolic and clinical status in
a majority of patients with Cushing’s syndrome (21, 22).
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During the 6-month treatment period of SEISMIC, 62.8%
of the 43 patients with CD experienced at least a 2-fold
increase in ACTH (21). Study participants who completed
SEISMIC were allowed to continue into a long-term ex-
tension (LTE) study during which ACTH and serial mag-
netic resonance imaging (MRI) scans were monitored. We
describe the changes in ACTH levels and pituitary MRI
findings during long-term mifepristone use in CD patients.

Patients and Methods

Patients

Forty-three patients with CD were enrolled into SEISMIC as
previously described (21). The study was approved by the insti-
tutional review board at each center and was registered with
www.clinicaltrials.gov (NCT00569582 and NCT00936741).
All patients provided written informed consent. Twenty-seven of
31 patients with CD who completed the 24-week treatment pe-
riod of SEISMIC were enrolled into the LTE study after a 6-week
off-drug safety evaluation period (Figure 1). The starting dose of
mifepristone in SEISMIC was 300 mg once daily (in the morning}
with nonforced dose titration in 300-mg increments at day 14,
week 6, and week 10 to a maximum dose of 1200 mg once daily;
decreases in dose were allowed at the investigator’s discretion.
The starting dose in the LTE phase was the same as the final dose
in SEISMIC for each patient, and dose increases during the LTE
were permissible, but 1200 mg was the maximal daily dose. The
duration of treatment during the LTE varied based upon the time
of enrollment into SEISMIC and ranged from 0.5 to 42 months.

Study visits after the screening period in SEISMIC occurred at
baseline (day 1), day 14, weeks 6, 10, 16, 20, and 24 and after
a 6-week off-drug safety period (6-week follow-up). Entry into
the LTE study occurred at or within 2 weeks of the 6-week fol-
low-up visit of SEISMIC and was followed by study visits at
months 1 and 3 and then at 3-month intervals.

Assessments

ACTH was monitored during SEISMIC at baseline, day 14,
and weeks 6, 10, 16, and 24 and at the 6-week off-drug safety

SEISMIC
CD Patients Enrolled
(n=43)
Withdrawals (12):
+ Withdrew consent (n=5)
+ Adverse event (n=6)
* Non-compliance (n=1)
SEISMIC
24 Week Completers
(n=31)
SEISMIC LTE
(n=27)

Not enrolled (4):
Not eligible/non-compliance (n=1)
Did not consent (n=2)
+  Withdrew consent prior to dosing (n=1)

Figure 1. Patient disposition.
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follow-up period, and then every 3 months during the LTE.
There was also a 6-week off-drug period at the end of the LTE at
which time ACTH was measured. During SEISMIC, sampling
for mifepristone trough levels and ACTH levels occurred on the
same days. On those days, administration of mifepristone was
held until just after samples were taken for trough levels. Blood
samples for ACTH measurements were drawn between 7:00 and
9:00 am. During the LTE, the timing between mifepristone ad-
ministration and ACTH sampling was not specified. Biochemi-
cal measurements were conducted in a central laboratory (Quest
Diagnostics). ACTH was measured with an immunochemilumi-
nometric assay (Immulite 2000 ACTH; Siemens Medical Solu-
tions Diagnostics); normal range is 5 to 27 pg/mL (1.1-5.9
pmol/L) for females and 7 to 50 pg/mL (1.5-11 pmol/L) for
males. Intra-assay and interassay coefficients of variation were
6.7% to 9.5% and 6.1% to 10.0%, respectively. Urinary and
salivary cortisol were assayed by liquid chromatography tandem
mass spectroscopy (normal ranges, respectively, are 2-42.4
1g/24 hours [5.5-117 nmol/24 hours] and =0.09 ug/dL [2.5
nmol/L]); serum cortisol normal range is 4 to 22 pg/dL (110-
607 nmol/24 hours). ACTH and serum cortisol were measured
between 7:00 and 9:00 aM. Blood samples were drawn for trough
mifepristone drug concentrations and measured by liquid chro-
martography tandem mass spectroscopy {lower limit of detection
10 ng/mL})atday 14 and weeks 6, 10, 16, and 24 in SEISMIC and
then every 6 months in the LTE.

Pituitary MRI was performed before starting study drug, at
weeks 10 and 24, and then every 6 months during the LTE study.
Specific MRI acquisition protocols were not prespecified and all
imaging studies were read locally at the research sites. All scans
fulfilled minimum requirements of a 1.5-T MRI, coronal and
sagittal T1 with and without contrast, and a maximum slice
thickness of 3 mm through the sella region. If recommended by
the local neuroradiologist, dynamic T1-coronal or T2-coronal or
-sagittal sequences were added. Investigators reviewed MRIs,
documented the findings, and recorded any clinically significant
change as adverse events. Forty-one patients had a baseline MR,
and 36 had at least 1 postbaseline MRI. Digitized MRIs for these
36 patients were submitted for central reevaluation, as previ-
ously described (23, 24) to the Neurosurgical Department of the
University Hospital Erlangen, Germany. The T1-weighted se-
quences after contrast enhancement were used for comparative
analysis. The images were adjusted for grayscale and image am-
plification in the coronal and sagittal dimensions. After blinding
by a radiological technician, each dataset was independently an-
alyzed by 2 senior neurosurgeons on a Siemens Syngo Worksta-
tion. Using anatomical landmarks (internal carotid artery, pitu-
itary stalk, optic chiasm, and sphenoid sinus), comparable
images were identified. The pituitary gland, stalk, and adenoma
(if visible) were identified in the comparison images. If a distinct
adenoma was present, the maximum tumor extension was mea-
sured in sagittal, coronal, and axial dimensions. The final diam-
eter was amean value of at least 6 individual measurements (3 by
each reviewer). The results were categorized into 7 possible cat-
egories: A, no adenoma visible and no change in sellar contents;
B, stable adenoma; C, increase in adenoma size (=2 mm in any
dimension); D, adenoma regression; E, progression and regres-
sion; F, regression and progression; and G, insufficient data.
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Statistics

Data are presented as mean and SD (unless otherwise noted)
and are based on the safety population defined asall subjects who
received at least 1 dose of study medication. Baseline was defined
as the last measurement before the start of study drug in
SEISMIC or restart of drug at entry into the LTE. There was no
imputation of missing data. In the analyses of mifepristone dose
or concentration vs ACTH, comparisons were made at steady
state defined as at least 5 days on a stable dose. Statistical sig-
nificance was tested using Student’s # tests (paired and unpaired)
and ANOVA with post hoc testing using Fisher’s protected least
significant difference. Statistical significance was set at P < .05.
Correlation was determined using Spearman and Pearson cor-
relation coefficients where indicated. Statistical software used
included Microsoft Excel 2010 and StatView version 5.0.1 (SAS
Institute).

Results

Patients

The 43 patients (74% female,n = 32) were 45.3 £ 11.5
years of age and had CD for a median of 37 (range 2-159)
months. All but 1 patient had undergone previous trans-
sphenoidal pituitary surgery.

Previous adjuvant therapy for CD was used in 58% of
patients and included medication only (n = 7), radiation
only (n = 7), or both medication and radiation (n = 11).
Eighteen had atleast 1 course of radiotherapy before study
enrollment with a median of 47 (range 1-87) months be-
tween the latest radiation treatment and the first dose of
mifepristone. One patient had RT after SEISMIC and be-
fore entry into the LTE. The most common previous med-
ication used for CD was ketoconazole (n = 16), and there
were rare uses of cabergoline, metyrapone, and octreotide.
Measures of ACTH and cortisol were elevated at baseline
as previously described (21), and values at entry into the
LTE were similar to baseline (Table 1). Patients received
mifepristone for a median of 11.3 (range 0.5-42) months.

ACTH and cortisol
Increases in ACTH levels occurred at the first measure-
ment at day 14, plateaued from weeks 10 through 24, and

Table 1. Baseline Biochemistry
Baseline in Entry Into
SEISMIC SEISMIC LTE®
n 43 27
ACTH, pg/mL 63 = 51 716 £ 539
24-h UFC (normal, 2.0-42.4 ug) 139 = 137 1393 = 96.7
Serum cortisol, po/dL 21.2 & 6.0 235 %77

Late-night salivary cortisol, pg/dL 0.29 + 0.29 ND®

Abbreviation: ND, not determined.

# Measurements at entry into LTE were after 6-week off-drug period
after 24 weeks of SEISMIC study.

b Late-night salivary cortisol not measured during LTE.
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Figure 2. ACTH concentrations during the study. Study visits are shown on the x-axis: B,

baseline; 6W FU, 6-week follow-up visit after 6 weeks after discontinuation of mifepristone;
entry into LTE occurred at 6W FU after W24 visit. Visits labeled with M indicate visit time on LTE
and do not represent cumulative time on mifepristone. M2/3 represents ACTH levels from month
3 or 2 for subjects not having a month-3 visit due to protocol amendment (see text). The small n
at the 6W FU visit at the conclusion of the LTE is due to several patients transitioning to

commercially available drug.

declined to near baseline levels 6 weeks after mifepristone
was discontinued at the end of dosing in SEISMIC (Figure
2). The mean peak ACTH value during SEISMIC was
152.2 +127.4 pg/mL (2.76 * 1.65-fold over baseline; P <
.0001 vs baseline); the highest ACTH observed was 619
pg/mL (5.7-fold increase over baseline). During the LTE,
ACTH levels remained stable on average with mean peak
values of 182.8 * 126.7 pg/mL (P < .0001 vs baseline}.
The highest value observed during the LTE study was 614
pg/mL in a patient whose peak value during treatment in
SEISMIC was 133 pg/mL representing 5.8- and 1.25-fold
increases over baseline, respectively. A 2-fold or greater
increase in ACTH levels was observed in 72% of patients.
Baseline ACTH was not correlated with the fold increase
in ACTH, but higher baseline ACTH levels were associ-
ated with higher levels during treatment (Pearson » = 0.58,
P <.001). There was anapparent decrease in ACTH from
month 27 onward (Figure 2); however, it should be noted
that ACTH values were available for only 4 subjects at
month 36.

The mean peak values for cortisol on SEISMIC and in
the LTE, respectively, were 40.2 * 19.3 ug/dL (1.97 =
1.02-fold increase; P << .0001 vs baseline) and 57.4 = 20.8
wg/dL (2.85 = 1.05-fold increase; P < .0001 vs baseline)
for serum cortisol and 985.4 + 1584.9 ug/d (8.46 * 14.6-
fold increase; P < .001 vs baseline} and 1575.9 = 2250.5
wg/d (16.4 + 41.9-fold increase; P < .01 vs baseline) for
urinary free cortisol (UFC). The average maximal level of
late-night salivary cortisol during SEISMIC was 2.6 + 4.7
wg/dL (10.6 = 11.96-fold increase; P < .001); salivary
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ined, previous radiation appeared to
blunt the rise in ACTH until week 6
[radiation therapy (RT) 1.40 = 0.45
vsno RT 2.08 = 0.97 at day 14, P =
.01;RT1.68 = 0.80vsnoRT 2.34 =+
0.96, P = .03], but not thereafter. A
correlation analysis assessing the impact time since RT on
ACTH levels was not performed due to the small sample
size, the heterogeneity of the radiation treatments, and the
wide distribution of time spans between treatments to the
first dose of mifepristone.

Mifepristone dose and ACTH concentration

Mifepristone dose was directly correlated with ACTH
levels during SEISMIC (P < .001, ANOVA). Compared
with ACTH concentrations when patients were not taking
mifepristone (64.5 * 54.4 pg/mL), only steady-state doses
of 600, 900, or 1200 mg were associated with statistically
significant higher ACTH levels (129.6 = 94.6 pg/mL, P =
.001;125.0 + 111.2 pg/mL, P = .008; and 179.9 + 156.9
pg/mL, P < .0001, respectively) (Figure 3A). Statistically
significant higher levels of ACTH were observed at 1200
mg compared with 300 mg (100.9 = 66.0 pg/mL, P = .02);
differences at 600 mg (P = .057) or 900 mg (P = .054)
were of borderline statistical significance when compared
with the 1200-mg dose (Figure 3A). Analysis of change in
ACTH from baseline according to dose resulted in similar
findings; the 300-mg dose did not result in a statistically
significant change in ACTH from baseline, whereas all
other doses did (P < .0001, ANOVA). In log-log regres-
sion analyses, ACTH change from baseline was directly
correlated with mifepristone concentration (Pearson 7 =
0.392, P < .0001}, and the interval change in ACTH was
correlated with the change in mifepristone concentration
between visits (Pearson r = 0.294, P < .0001).
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(Table 3). A graph of ACTH levels
over time among patients with tu-
mor progression is available (Supple-
mental Figure 1). Regression of a
macroadenoma occurred after 1 year

B Correlation With Maximum Increase in ACTH

of treatment in a patient who had pi-
tuitary radiation treatment before

Max fold increase n

Correlation*

P value

Serum cortisol 43 0.707

the study (Figure 4D); complete dis-
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Late night salivary cortisol 33 0.452

<0.01

Figure 3. A, Mifepristone dose and B, ACTH concentration. ACTH increase correlates with

cortisol. *, Spearman correlation coefficient r.

MRI findings

Table 2 shows the MRI findings of the 36 study patients
with a bascline and postbascline MRI. Among these 36
patients, treatment duration lasted =12 months in 24,
=18 months in 21, =24 months in 20, and =30 months
in 10 patients. Tumor remained stable in 30 patients
(groups A and B) and regressed in 2 patients (group D, 1
microadenoma and 1 macroadenoma). Tumor progres-
sion (group C) was observed in 3 patients with macroad-
enomas (Figure 4, A-C) at 2.5, 6, and 19 months of treat-
ment. The appearance of a 4-mm microadenoma was

a patient naive to radiation. There
were no distinguishing baseline char-
acteristics between those patients
whose tumors progressed (n = 4)
compared with those that did not progress (n = 30) and
those patients whose tumors regressed (n = 2). The
changes in ACTH were similar between the groups.

Discussion

Glucocorticoids regulate ACTH secretion via a sensitive
negative feedback system acting at the level of the hypo-
thalamus and pituitary through the GR. In CD, this neg-
ative feedback system is attenuated. Conversely, thera-

Table 2. Findings of Central MRI Reading
Progressed Stable 2ressed
Baseline (Q)? (A or B)? (D)
Nonvisible 20 1 19
Microadenoma (<10 mm) 9 0 8 1
Macroadenoma (=10 mm) 7 3 3 1

@ Category based on central MRI reading: A, no adenoma visible and no change in sellar contents; B, stable adenoma; C, increase in adenoma size

(=2 mm in any dimension); D, adenoma regression.
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