Alterations in the Pituitary-Thyroid and Pituitary-Adrenal Axes—Consequences
of Long-Term Mifepristone Treatment
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The effects of short-term administration of the antiprogestin and antiglucocorticoid, mifepristone, have been well character-
ized. However, little is known about the effects of prolonged administration of mifepristone. We analyzed hormonal
parameters in four female and three male patients with unresectable meningioma who were treated with mifepristone (200
mg/d) for 20 to 40 months. Serum samples were collected at monthly intervals approximately 24 hours following mifepristone
ingestion. Serum thyrotropin (TSH), thyroxine (T,), free T, (fT,), 3,5,3-triiodothyronine (T;), prolactin, and cortisol were
analyzed by fluoroimmunoassay, and androstenedione by radicimmunoassay (RIA). Levels of mifepristone and its three most
proximal metabolites were measured by high-performance liquid chromatography. TSH values increased significantly
{P < .005, one-way ANOVA), with the most pronounced increase evident during the first 3 months of mifepristone treatment.
Despite these changes, concentrations of TSH remained within the normal range throughout the treatment period. There were
no significant changes in serum T, fT,, T; or prolactin; however, a transient decrease in serum T, was noted at 2 to 3 months.
Cortisol and androstenedione values increased significantly and in parallel (P < .05), suggesting an adrenal origin also for
androstenedione. As during short-term administration, levels of mifepristone and its metabolites remained stable in the
micromolar range. Individual levels of mifepristone were significantly correlated with those of TSH and cortisol. This suggests
that the alterations in the pituitary-thyroid and -adrenal axes occurred in a concentration-dependent manner. It is concluded
that long-term mifepristone treatment results in resetting of the pituitary-thyroid balance. As in the case with cortisol and
androstenedione, it is likely that the alterations in serum TSH are due to the antiglucocorticoid properties of mifepristone. The
clinical significance of these biochemical alterations in thyroid homeostasis remains to be determined. However, monitoring

thyroid function during long-term mifepristone treatment appears to be warranted.

Copyright © 1997 by W.B. Saunders Company

ONG-TERM ANTIPROGESTIN administration has been
proposed as a new treatment modality for various hor-
mone-dependent conditions. Of the antiprogesterone com-
pounds, mifepristone (RU486) is by far the best characterized.
It is being currently investigated in the treatment of uterine
fibroids,! endometriosis,? breast cancer,’ and meningioma,* all
requiring long-term administration. Besides binding to the
progesterone receptor, mifepristone also has a high affinity for
the glucocorticoid receptor, and antagonizes glucocorticoid
actions in several model systems. As a consequence, mifepris-
tone has been proposed as a possible alternative treatment for
Cushing’s syndrome due to extrapituitary corticotropin (ACTH)-
producing tumors, or adrenal carcinoma.>-
Short-term endocrine effects of mifepristone are well charac-
terized, and reflect both the antiprogestin and antiglucocorticoid
properties of the compound. Mifepristone induces uterine
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bleeding by a direct action on the progesterone-primed endome-
trium, and the combination of mifepristone followed by prosta-
glandin is being used successfully to terminate early human
pregnancy.’8

Within the dose range of 20 to 400 mg/d, the antiprogesterone
activity, as evidenced by complete pregnancy terminations, of
mifepristone is not dose-dependent.®1° In contrast, mifepristone
activates the hypothalamic-pituitary-adrenal (HPA) axis in a
dose-dependent manner,!!-12 as evidenced by increases in serum
concentrations of pro-opiomelanocortin-derived peptides such
as ACTH or B-endorphin, as well as cortisol.'"1? In addition,
mifepristone transiently increases serum prolactin in a dose-
dependent manner.!* These dose-dependent effects of mifepris-
tone are seen at single doses of approximately 200 to 400 mg
and greater.!13 Activation of the pituitary-adrenal axis is also
seen during long-term daily administration of 200 mg mifepris-
tone. '

In the present study, we characterized the endocrine effects of
long-term mifepristone administration in a group of patients
with unresectable meningioma who received 200 mg mifepris-
tone daily for a minimum of 20 months. We specifically focused
on the pituitary-thyroid and -adrenal axes and the relationship
of these endocrine responses to the pharmacokinetics of mife-
pristone.

SUBJECTS AND METHODS
Patients

A total of four women (one postmenopausal and three premeno-
pausal) and three men with unresectable meningioma were studied. The
clinical characteristics and outcomes of these same patients have been
reported previously.l>19 All subjects received a daily oral dose of
mifepristone (200 mg) for a minimum of 20 months. During the first 14
days of mifepristone therapy, dexamethasone (1 mg) was also adminis-
tered.!> The patients received no additional hormonal therapy. Blood
samples were collected before initiation of mifepristone, monthly
during the first year, and thereafter at 3-month intervals. Samples were
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drawn between 8 and 10 aM approximately 24 hours following
mifepristone ingestion. Mifepristone tablets (200 mg) were supplied by
Roussel-Uclaf (Romainville, France).

Assays

Serum thyrotropin (TSH), thyroxine (Ty), free Ts (fT4), 3.5,3'-
triiodothyronine (T4), prolactin, and cortisol were determined by an
immunofluorometric assay system (Delfia; Wallac-Pharmacia, Turku,
Finland) using assay kits purchased from the manufacturer. Serum
androstenedione level was measured by radioimmunoassay (RIA) using
reagents supplied by the World Health Organization. All samples from
an individual patient were analyzed in the same assay.

Normal ranges for TSH, Ty, fT4, T, prolactin, and cortisol with the
Delfia system are 0.3 to 3.8 mU/L, 69 to 141 nmol/L, 8.5 to 19 pmol/L,
1.3 t0 2.5 nmol/L, 83 to 523 mU/L, and 200 to 850 nmol/L. (morning
values), respectively. Intraassay and interassay coefficients of variation
were 4% to 5% and 6% to 7%, 3% to 6% and 5% to 7%, 4% to 8% and
6% to 10%, 3% to 4% and 5% to 7%, 4% and 5% to 6%, 5% to 7% and
4% to 7%, and 3% to 5% and 6% to 10% for TSH, T4, {T4, T3, prolactin,
cortisol, and androstenedione assays, respectively.

Serum levels of mifepristone and those of its three most proximal
metabolites (monodemethylated, didemethylated, and hydroxylated!”)
were measured by high-performance liquid chromatography preceded
by column chromatography as previously described.!8-19

Serum alpha-1-acid glycoprotein (AAG), T4-binding globulin, and
thyroid antibodies (thyroglobulin and thyroid peroxidase) were ana-
lyzed in two samples collected from each patient at 2 to 3 months and at
8 to 12 months. These assays were performed by a commercial
laboratory (Medix, Kauniainen, Finland) using immunoturbidometric,
immunofluorometric, RIA, and agglutination methods with assay Kits
supplied by Orion Diagnostica (Espoo, Finland), Wallac-Pharmacia,
Fujirebio (Tokyo, Japan), and Sorin Biomedica (Saluggia, Italy),
respectively.

Data Analysis

Statistical analyses of TSH, Ty, fT4, T3, prolactin, androstenedione,
and cortisol were made using one- and two-way ANOVA. Further
comparison of the individual values at different time points was made
using paired 7 tests. In certain instances, linear regression was used. A P
value of .05 or less was considered significant.

RESULTS

Figure 1 shows the concentrations of TSH, Ty, T4, and T;
during long-term mifepristone administration. Concentrations
of TSH increased during the first 3 months of mifepristone
treatment (P = .001, one-way ANOVA). Similarly, when ana-
lyzed for the first 15 months of mifepristone treatment, one-way
ANOVA indicated a significant increase in TSH levels
(P =.002). From 4 months onward, TSH levels remained
stable, as also indicated by the nonsignificant variation in TSH
from 4 to 15 months of mifepristone treatment (P = .74,
one-way ANOVA). When analyzed separately for women and
men, the kinetics of serum TSH were indistinguishable between
the two sexes (P = .8, two-way ANOVA; data not shown).

The alterations in serum T4 were in part opposite to those of
TSH. There was an initial decrease, which reached a nadir at 3
months. Thereafter, T, levels returned to the pretreatment range.
When analyzed by one-way ANOVA, the variation in serum T
levels was not statistically significant during either the first 4 or
15 months (P = .46 and .92, respectively).

Serum levels of fT, and T; paralleled those of T,, with
correlation coefficients of .93 and .48, respectively (P < .001).
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Fig 1. TSH, T, fT, and T; levels {mean = SEM} during daily
administration of mifepristone {200 mg) to patients with unresecta-
ble meningioma. One-way ANOVA showed a significant increase in
TSH levels (P = .002), whereas only nonsignificant alterations were
seen for Ty, fT,, and T;. When analyzed separately for both sexes, the
kinetics of serum TSH were indistinguishable (data not shown).
Normal ranges for TSH, T,, fT,, and T, with the Delfia system are 0.3 to
3.8 mU/L, 69 to 141 nmol/L, 8.5 to 19 pmol/L, and 1.3 to 2.5 nmol/L,
respectively.

The lowest levels of both fT, and T3 were measured at 3 months.
However, when analyzed by one-way ANOVA, no statistically
significant variation was noted in serum {T, or T during the first
15 months of mifepristone treatment.

None of the patients had measurable levels of thyroglobulin
or thyroid peroxidase antibodies.



294

2001
=
jon]
E 150
Z
]
o 1004
e
o
2
% 50
0 1 1 1 1 1 ] i

TIME (Months)

Fig 2. Serum prolactin concentrations {(mean = SEM). In contrast
to TSH, prolactin levels were unaltered during mifepristone adminis-
tration. Normal serum prolactin levels range from 90 to 523 mU/L in
women and from 83 to 414 mU/L in men.

The levels (mean + SEM) of prolactin are shown Fig 2. No
statistically significant alterations were seen in serum prolactin
over the first 3 or 20 months of mifepristone treatment (P = .1
and .8, respectively, one-way ANOVA).

Serum cortisol and androstenedione concentrations are shown
in Fig 3. Mean cortisol levels were increased during mifepris-
tone administration. Androstenedione levels also increased
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Fig 3. Cortisol and androstenedione (ANDROST) concentrations
{mean = SEM) increased significantly during mifepristone adminis-
tration (P < .05, one-way ANOVA).
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significantly and were correlated with those of cortisol (r = .53,
P <.001). In individual patients, serum levels of cortisol or
androstenedione were not significantly correlated with those of
TSH or T,.

In individual subjects, mifepristone levels remained in the
micromolar range throughout the study period, and varied from
0.7 to 4.9 pmol/L (Fig 4). The mean of individual mifepristone
concentrations was 2.9 umol/L. Levels of three of its most
proximal metabolites were also present in steady, micromolar
concentrations throughout the period of mifepristone administra-
tion (Fig 4).

T4-binding globulin levels (mean *= SD) were 18.9 = 2.7 and
18.1 * 3.0 mg/L in samples collected at 2 to 3 and § to 12
months, respectively. Similarly, there were no alterations in
AAG levels measured in samples collected at 2 to 3 and 8 to 12
months. Levels were 0.53 = 0.15 and 0.56 + 0.13 g/L in the
two samples, respectively. AAG levels correlated significantly
with mifepristone concentrations measured in these same
samples (r = .6, P < .02).

DISCUSSION

Glucocorticoids influence thyroid hormone homeostasis at
several levels. The glucocorticoid deficiency of Addison’s
disease is associated with increased levels of TSH,?® whereas
administration of exogenous glucocorticoids or the hypercorti-
solemia of Cushing’s disease result in suppressed basal and
TSH-releasing hormone-stimulated levels of TSH.2*-?2 In addi-
tion, glucocorticoids abolish the nocturnal surge of TSH se-
cretion.?>2* Thus, glucocorticoids appear to have a permissive
role in the regulation of TSH secretion. Exogenous glucocorti-
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Fig 4. (A) Individual concentrations of mifepristone in 7 subjects.
{B) Individual concentrations of mifepristone (ll} and its monodemeth-

ylated (<), didemethylated (@), and hydroxylated (A} metabolites in
2 patients.
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coids also suppress serum T3,2:2526 an effect most likely me-
diated via downregulation of the 5'-deiodinase enzyme system
converting T, to T3.2 In kaddition, arecent study by Takiyama et
al® showed that glucocorticoids increased iodine uptake and the
release of organified iodine by porcine thyroid cells in vitro,
suggesting direct effects on the thyroid gland.

In the present study, long-term administration of the antipro-
gestin and antiglucocorticoid, mifepristone, was associated with
increases in serum cortisol and androstenedione and alterations
in thyroid homeostasis. Basal levels of TSH increased progres-
sively for 2 to 3 months, and thereafter remained elevated
throughout the duration of the study. Yet these changes were not
accompanied by statistically significant alterations in serum Ty,
fT, 4, or T3. However, a transient decline in serum T, was seen at
2 to 3 months. The effect of mifepristone administration on the
pituitary-thyroid axis has been previously addressed following
daily administration of 50 or 100 mg mifepristone for 3 months.
However, in these studies, only nonsignificant increases in seram
levels of TSH were noted.'? The discrepancy between the results of
these studies and the present study might be related to differ-
ences in the dose and length of mifepristone administration
and/or to the increased sensitivity of the immunofluorometric
assay system in comparison to conventional RIA methods,2%-30

However, it must be stressed that although the alterations in
serum TSH were statistically significant, these changes oc-
curred within the normal range of TSH concentrations. More-
over, thyroid antibodies were not detectable in any of the
patients in the present study. Previously, Chrousos et al®
reported the acute development of Hashimoto’s thyroiditis in
one of 11 patients treated with high-dose mifepristone for
Cushing’s disease. Thus, the clinical implications of the present
findings remain to be determined. '

Although the thyroid hormone receptor (TR) belongs to the
same nuclear receptor superfamily as progesterone and glucocor-
ticoid receptors, neither mifepristone nor its proximal metabo-
lites bind to TR in vitro (W. Chin, personal communication,
April 1994). Even though the activations of the HPA and
pituitary-thyroid axis werte associated, they were not signifi-
cantly correlated in individual ‘patients, suggesting that the
activations of the pituitary-thyroid and -adrenal axes are likely
to involve different mechanisms. Since glucocorticoids sup-
press pituitary secretion of TSH,2124 the increased serum TSH
might be due to possible central antiglucocorticoid effects of
mifepristone. On the other hand, the initial transient decrease in
T, in the face of the increasing levels of TSH suggests that the
site of mifepristone action may be the thyroid gland itself. In in
vitro culture of porcine thyroid cells, mifepristone alone had no
effect on iodine uptake or release of organified iodine.28 However,
the stimulatory actions of glucocorticoids on these parameters were
abolished in the presence of mifepristone.® We therefore speculate
that the alterations seen in the pituitary-thyroid balance are ex-
piajned by antagonism of glucocorticoid action by mifepristone
within the thyroid gland,?® which in turn leads to a compensa-
tory increase in TSH to maintain ambient secretion of Tj.

In contrast with the transient, dose-dependent elevations of
serum prolactin observed with single doses of mifepristone,!?
prolactin levels were not increased in the present study (Fig 2).

Activation of the pituitary-adrenal axis during mifepristone
administration is well characterized,!123! and is most likely
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mediated via central effects of mifepristone.3? Moreover, the
entry of mifepristone into the central nervous system seems to
be limited and related to its serum levels.3 Thus, increases were
seen in serum cortisol and androstenedione (Fig 3). Their
closely parallel increases also imply an adrenal origin for the
elevation in serum androstenedione. '

The pharmacokinetics of mifepristone closely mimicked the
results of short-term studies.> Concentrations of mifepristone
and its three most proximal metabolites were in the micromolar
range, and individual levels remained remarkably constant
throughout the treatment period. As was observed following
single-dose administration, levels of AAG, the serum binding
protein for mifepristone, and those of mifepristone were
significantly correlated also in the present long-term study.
Thus, the stable levels of mifepristone observed over the period
of 2 years could be partly attributed to unchanged levels and to
the binding characteristics of AAG.

Significant correlations were noted for serum levels of
mifepristone versus TSH and cortisol (Table 1). Activation of
the HPA axis subsequent to administration of mifepristone is a
dose-dependent phenomenon, and can only be seen following
single-dose administration of at least 200 to 400 mg mifepris-
tone.'"13 Simplistically, it would seem to follow that these
dose-dependent effects of mifepristone must also be associated
with the serum concentrations of mifepristone. However, due to
its nonlinear pharmacokinetics, serum levels of mifepristone
plateau at the micromolar level at doses of 50 mg and
greater3*3 Yet, similar to what was previously shown in
dogs,!? significant correlations were found between the serum
concentration of mifepristone and the magnitude of pituitary-
adrenal axis activation.

It is concluded that long-term mifepristone administration is
associated with alterations in pituitary-thyroid homeostasis. The
transient initial decline in serum T, was associated with
persistently increased levels of serum TSH. This could be a
consequence of the antiglucocorticoid properties of mifepris-
tone. However, the changes in TSH and T, all occurred within
the normal range. As expected, mifepristone administration
activated the pituitary-adrenal axis, as evidenced by increased
levels of serum cortisol and androstenedione. Changes in serum
concentrations of TSH and cortisol were significantly correlated

Table 1. Individual Correlation Coefficients Between Serum Levels
of Mifepristone and TSH, T,, fT,, T3, Cortisol, Androstenedione,
and Prolactin

r*
Hormone Range Mean P Significant
TSH 1-7 .49 377
Ta —.5-4 .18 None
T, -.4-5 .18 None
Ta .0-3 22 None
Cortisol .1-.8 .65 6/7
Androstenedione 2-7 .50 2/7
PRL -.7-5 -.13 177

NOTE. Multipie regression analysis of the pooled data showed
significant correlations between serum levels of mifepristone and
TSH (P < .001) and cortisol (P = .001). The number of patients with
statistically significant rvalues (P < .05) is also shown.

*Analyzed by linear regression.
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with those of mifepristone, suggesting that the magnitude of
these endocrine responses was dependent on the circulating
levels of mifepristone. The clinical implications of these
alterations in thyroid parameters remain to be determined.
However, monitoring thyroid function might be advisable
should mifepristone be administered for prolonged periods.
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