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ABSTRACT

Background: Megestrol acetate (MA) 1s a synthetic progestin commonly used to promote weight gain 1n mal-
nourished older individuals. In small studies, MA admuinistration has been associated with reduced serum cortisol con-
centrations 1n patients with cancer or AIDS. The impact of MA on the piturtary secretion of adrenocorticotropic
hormone (ACTH) and other hormones 1s unclear, and the prevalence and extent of hypocortisolemia 1n older indi-
viduals after MA treatment 1s unknown. A randomized, placebo-controlled study of the effects of testosterone (T') and
resistance tramning (RT) on body composition after MA administration n older men has been reported previously.

Objective: The purpose of this post hoc analysis was to examine the effect of 12 weeks of MA on pituitary func-
tion and end-organ hormone secretion 1n healthy older individuals using frozen serum samples from that study.

Methods: The previous study was conducted at the Department of Gernatrics, Donald W. Reynolds Center on
Aging and the General Chnical Research Center at The University of Arkansas for Medical Sciences, Little Rock,
Arkansas. Healthy male volunteers aged 60 to 85 years were recruited from the center and were randomly assigned
to 1 of 4 study groups: RT + T, T, RT + placebo (P), or P. Subjects enrolled 1n the RT groups underwent supervised
upper- and lower-body strength-training exercises 3 d/wk at 80% of 1 repetition maximum. Subjects 1n the groups to
recewve T recetved 1njections of testosterone enanthate 100 mg IM QW for 12 wecks. Subjects receiving P were given
1-mL saline njections IM QW for 12 wecks. All subjects received MA 800 mg PO QD concurrently for 12 weceks.
For the present analysis, serum concentrations of the pituitary hormones follicle-simulating hormone (ESH), thyroid-
sumulating hormone (TSH), ACTH, prolactin (PRL), and luteimizing hormone (LH), as well as the end-organ
hormones estradiol (E, ), cortisol, free T4, and T, were measured in samples obtained at baseline (week 0) and after
12 weeks of MA treatment.

Results: Serum samples from 21 men (mean [SD] age, 67.0 [7.3] years; mean [SD] body mass index, 23.1
[10.4] kg/m?; mean [SD] percentage of body fat, 22.5% [8.8%]; RT + T, T, RT + P, and P groups, n = 4, 5, 6, and
6 subjects, respectively ) were available from the original study. The mean percentage changes from baseline in serum pitu-
1tary hormone concentrations after 12 weeks of MA administration were as follows: TSH, -14.7%; ACTH, -89.5%; PRL,
162.2%; and LH, —49.0%; (P = 0.03, <0.001, <0.001, and <0.001, respectively). The mean (SD) percentage changes
from baseline in serum end-organ hormone concentrations with MA at 12 wecks were as follows: E,, 181.6%; and cor-
tisol, 90.8% (both, P< 0.001). In the P and RT + P groups, the mean percentage changes from bascline in T were —84%
and -85%, respectively (both, P < 0.001). ESH and free T4 concentrations were not significantly changed.

Conclusions: This analysis of serum samples from healthy older men suggests that MA administration significantly
affected the secretion of several prtuitary hormones and end-organ hormone synthesis. Most notably, ACTH secre-
tion and serum cortisol levels were statistically significantly suppressed in 20 of 21 subjects, without the develop-
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ment of clinically significant adrenal suppression. (Am
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INTRODUCTION

Megestrol acetate (MA) 1s a progesterone-like compound
used to combat malnutntion associated with AIDS! and
cancer.? Long-term MA treatment 1s frequently prescribed
to prevent or reverse weight loss in residents of long-term
care facihities and 1n anorexic older patients.3® However,
based on a MEDLINE search (key terms: megestrol
acetate, advenal nsufficiency, and advenal suppression,
years: 1965-2005), few studies have examined the efficacy
and tolerability of MA 1n this patient population.

MA, similar to progesterone, functions as a gluco-
corticold agomnist. Several case series have shown that
MA significantly suppresses serum cortisol levels.” 13
However, generalization of these observations, particu-
larly to the geriatric population, 1s hampered by the
small numbers of subjects enrolled 1n available studies,
the absence of an untreated control group, and
extremely few older subjects enrolled. Moreover, the
majority of these reports have involved children or
patients with AIDS.810,11,14,16-18

MA has been shown to markedly reduce serum estro-
gen concentrations 1n women!? and to suppress serum
testosterone (T) concentrations to castrate levels in men.?0
However, the mechanism of these effects and the impact
of MA on the secretion of other pituitary hormones are
poorly understood. In 1 series of patients with breast can-
cer, MA mcreased basal and stmulated prolactin (PRL)
levels, decreased estrogen level, and suppressed luteinizing
hormone (LH) and follicle-stimulating hormone (FSH).2!

The purpose of this post hoc analysis was to examine
the effect of MA on pituitary function and end-organ
hormone secretion mn healthy older mdividuals using
frozen serum samples from a previously reported mves-
tigation examining the effect of T and progressive-
resistance muscle strength traming (RT) on body com-
position 1n healthy older men receving MA to induce
weight gain.??

MATERIALS AND METHODS
Study Design and Population

The previous study was conducted at the
Department of Geriatrics, Donald W. Reynolds Center
on Aging and the General Clinical Research Center at
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The Unwersity of Arkansas for Medical Sciences, Little
Rock, Arkansas. The study protocol was approved by
the Human Research Advisory Commuttee at the uni-
versity. Detaills of the orgmnal study design were
reported previously.??

In brief, healthy men aged 60 to 85 years and with
a body mass index (BMI) =25 kg/m? were recruited
from the center. Subjects were randomly assigned to
1 of 4 groups: RT + T, T, RT + placebo (P), or D.
Subjects enrolled 1n the RT groups underwent super-
vised upper- and lower-body strength-training exercises
3 d/wk at 80% of 1 repetittion maximum. Group T was
administered replacement with testosterone enanthate
100 mg IM QW for 12 weeks; group RT + P recerved
RT and saline injections IM QW for 12 wecks; and
group P recerved 1-mL saline mnjections IM QW for
12 weeks. All subjects recetved MA 800 mg PO QD
concurrently for 12 weceks.??

Venous blood was sampled from an antecubital vein
at 7:00 am before the start of the study and at study
end, 8 days after the final injection, 3 days after the final
RT session, and 1 day after the last dose of MA. Blood
samples were obtamned after subjects had been 1n the
supine position for at least 15 minutes.?? Serum con-
centrations of the pituitary hormones FSH, thyroid-
sumulating hormone (TSH), adrenocorticotropic hor-
mone (ACTH), PRL, and LH, as well as the end-organ
hormones estradiol (E,), cortisol, free T4, and T, were
measured 1n the pretreatment (baseline) and posttreat-
ment (12-week) samples. The hormones were assayed
using enzyme-linked immunosorbent assay kits accord-
ing to manufacturer’s instructions.?? The interassay co-
cfficients of vaniation for the kits were as follows: FSH,
4.8%; TSH, 8.9%; ACTH, 6.2%; PRL, 7.4%; LH, 8.1%;
E,, 3.7%; cortisol, 6.9%; free T4, 5.7%; and T, 7.6%.

Statistical Analysis

Three-factor repeated measures analysis of variance
(RT x T x tume [d]) was performed, followed by a
Tukey post hoc analysis where appropriate. Results
were considered significant at P < 0.05. A power analy-
sis for this study was not performed.

RESULTS

Serum samples from 21 subjects 1n the original study
were available for analysis (RT + T, n=4; T,n=5; RT +
P,n = 6; P, n=6). The mean (SD) age, BMI, and per-
centage of body fat of the participants were 67.0 (7.3)
years, 23.1 (10.4) kg/m?, and 22.5% (8.8%), respec-
tvely. No significant differences in age or BMI were
found between the 4 groups.
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The serum concentrations of several pituitary hor-
mones and the hormone levels associated with their
respective target organs were significantly changed
from bascline after 12 weeks of MA admuinistration
all 4 groups combined (Table).

Pituitary Hormones

MA had little effect on FSH levels. In contrast, the
mean percentage decrease from baseline in LH levels
was 49.0% (P < 0.001), with no significant group-by-
tume effects. TSH was significantly decreased (by
14.7%) after MA adminstration (P = 0.03), but the
changes were within the normal range. The mean per-
centage decrease from baseline in ACTH was 89.5%
(from 20.9 [6.2] t0 2.2 [2.3] pg/mL; P < 0.001). This
change 1s illustrated by the significant time effect as
shown 1n Figure 1. Although ACTH was significantly
higher in the RT + T group compared with those in the
other groups at bascline, there was no RT-by-time
interaction, indicating differences between groups at base-
line. PRL levels were significantly increased at 12 weeks;
the mean percentage change was 162.2% (range, 118%—
1300%; P < 0.002), with levels detected outside the nor-
mal range 1 19 of 21 subjects.

End-Organ Hormones

As previously reported, the percentage decreases from
baseline in T levels at 12 weeks were 84% mn the P group
and 85% in the RT + P group (both, P< 0.001).22 Con-
versely, E, levels increased from basehne by 181.6% after
MA adminstration (from 9.7 [16.4]to 27 .4 [24.1] pg/mL;;
P <0.001). The change m ACTH was reflected by a simi-
larly significant mean percentage decrease from baseline
of 90.8% 1n the serum cortisol levels 1n all 4 groups
combined (from 424.8 [127.2] to 38.9[112.5] nmol /1;
P < 0.001), with no significant group-by-tume effect
(Figure 2). Free T4 was not significantly affected.

DISCUSSION
Hypothalamic-Pituitary-Adrenal Axis

MA treatment was assoctated with ~90% decreases 1n
ACTH and cortisol, representing a profound suppres-
sion of the hypothalamic-pituitary-adrenal (HPA) axs.
Importantly, this extent of suppression was almost uni-
versal, with cortisol and ACTH reduced to less than the
lower limits of normal (LLNs) in 20 of 21 subjects,
without the development of clinically significant adre-
nal insufficiency.

MA binds to the glucocorticoid receptor, with
approximately half the binding affinity of dexametha-
sone and twice the affinity of cortisol.?* Several rela-
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tively small case sertes have shown that the glucocorti-
coid activity of MA might mnduce adrenal suppres-
ston.$10-12,14,16-18.25,26 However, symptomatic adrenal
msufficiency appears to be uncommon: 1n a review of
US Food and Drug Admuinistration records from 1984
to 1996,%7 only 17 cases of adrenal insufficiency possi-
bly associated with MA were reported. Smce 1996,
despite widespread MA use 1n patients with AIDS or
cancer, few cases of clinically significant adrenal mnsuffi-
ciency have been reported.'* However, adrenal insuffi-
clency often has a protean presentation and frequently
1s underdiagnosed.?® Thus, whether the presumed nci-
dence of adrenal insufficiency 1s a reflection of inade-
quate reporting of an unrecognized adverse effect
remains unclear. For example, 1n a study of 13 patients
with breast cancer receving MA,'® all 13 experienced
fatigue and weakness while receiving the drug. Eight
patients were hypotensive, and 3 experienced nausea
and vomiting. In another study,?® 12 of 13 children
had adrenal suppression while being treated with MA
for weight loss from malignant disease, with 1 patient
expertencing a circulatory collapse requiring inotropic
support.

The glucocorticord activity of MA mught be sufficient
to provide adequate basal physiologic glucocorticoid
actvity in most mndividuals, which mught explain the
common finding of adrenal suppression but the low inci-
dence of adrenal msufficiency noted durnng treatment
with MA. Similarly, in the previous study,?? deep venous
thrombosis was noted 1n 1 subject, but no signs or symp-
toms consistent with adrenal msufficiency were reported.

In the present study, the extent of adrenal axis sup-
pression was similar to or greater than that seen 1 a
study mn 75 patients of similar age (mean, 66 years)
admunistered  glucocorticords bioequivalent to at least
25 mg/d of prednisolone for 5 to 30 days.3° Recovery
of adrenal function after discontinuation of treatment
with these relatively high doses of prednisone occurred
within weeks 1n most patients but varied considerably,
and might require >1 year.® Similarly, the function of
the HPA axis might recover within weeks after discon-
tinuation of MA therapy®!; however, n cats adminis-
tered MA at a dose of 5 mg,/d,3? only 3 of 7 animals had
regained adrenal function within weeks after discontin-
uation of the drug. Although recovery of adrenal func-
tion was not assessed 1n the present study, suppression
was virtually unmiversal, with ACTH and cortisol reduced
to less than LLN 1 20 of 21 healthy subjects. Even muld
adrenal insufficiency can be harmful in critical 1llness,?3
which might explain the increased mortality reported
with MA treatment m patients with AIDS3* or can-
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Figure |. Effect of 12 weeks of treatment with megestrol acetate 800 mg/d on serum adrenocorticotropic hormone
(ACTH) concentrations in healthy older men. RT = resistance training; T = testosterone; P = placebo. *P < 0.05
versus T and P groups; TP < 0.05 versus before treatment (all 4 groups).
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Figure 2. Effect of 12 weeks of treatment with megestrol acetate 800 mg/d on serum cortisol concentrations In healthy
older men. RT = resistance training; T = testosterone; P = placebo. *P < 0.05 versus before treatment (all
4 groups).
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cer.?>36 In the elderly, if weight gain 1s not observed
after 3 months of MA treatment, the drug 1s often dis-
continued without taper. The development of clinically
significant adrenal insufficiency 1n frail, older individuals
after such abrupt discontinuation of MA might be asso-
clated with similar serious outcomes.

MA has been shown to affect the adrenal axis at sev-
eral levels. It has been found to directly inhibit cortisol
production by adrenal cells 1n vitro by 85%.37 However,
the results of the present study and others!>!? showed
a marked decrease in ACTH after MA treatment, sug-
gesting that the predominant effect of MA on the HPA
axts might occur at the hypothalamic-pituitary level.

Gonadal Axis

In the previously reported study,?> MA markedly
reduced serum total T and free T to near-castrate levels
mn 20 of 21 subjects studied. The precse mechanism of
T reduction 1s unclear. In a study of prostate tissue
examined after the administration of MA 80 mg/d for
up to 25 days 1n males with benign prostatic hyper-
trophy, testicular production of T was significantly
reduced, and the conversion of T to dihydrotestos-
terone was reduced 31% presumably by the inhibition
of 5a-reductase activity.3® MA also competes with an-
drogens for the androgen receptor3® and 1s associated
with a decreased number of androgen receptors.?? The
effect of MA on pituitary hormones might also play a
significant role 1n the observed reduction 1n serum T.
In the present study, MA was associated with 50%
decreases 1n serum LH levels, similar to the decreases
reported during antiandrogen therapy in patients with
advanced prostate cancer?® and 1n females receiving
therapy for breast cancer.!

Hyperprolactinemia 1s also associated with low T lev-
els. We observed that MA increased PRL levels by 150%
mn 19 of 21 subjects. However, although the reduction
in LH and ¢levation in PRL might have contributed to
the decline 1n serum T levels, near-castrate levels of T
with normal PRL and LH levels have been noted in
patients treated with lower doses of MA.17:38 Loss of
libido and 1mpotence occurs mn up to 18% of patients
when MA doses exceed 120 mg/d,*2*3 presumably
duc to reduced T levels; this loss has not been observed
at lower doses.** Patients should be advised of the
possibility of loss of Iibido and/or impotence, and T
replacement should be considered when androgen sup-
pression 18 not a primary goal.

Based on our literature search, this 1s the first study
of MA on E, levels in males. In postmenopausal
women with breast cancer, MA has been found to sup-
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press the level of estrone and E, to between 18% and
29% of pretreatment values.!® The mechanism behind
the highly significant, paradoxical increase in E, levels
found 1n men 1n the present study was unclear. MA
administration has been found to decrease sex hor-
mone binding globulin levels,*>#6 which would result
in decreased, not increased, total E, levels. These
results suggest that defects 1n the adrenal production of
E, or enhanced aromatization of T might be responsi-
ble. An increased E, level with MA treatment 1n males
might alleviate some of the concern regarding the
effect of T at levels of castrate on bone mineral density
(BMD) and risk for fracture. In men, the E, level has a
more significant role 1 mamntaining BMD compared
with the role of T.47

Other Axes

In the present study, TSH levels were modestly
decreased, but free T4 levels were unchanged. Simi-
larly, normal TSH and free T4 levels during MA treat-
ment have been reported.!?

Study Limitations

The present study was limited 1n several respects. The
analysis was performed post hoc on samples from a
study 1n which the population was comprised only of
healthy older men, and that was not designed to assess
the effects of MA on prturtary function. As a result, the
changes 1n hormone levels were not correlated with
symptoms, and the clinical significance of the changes
was uncertain. Although the changes from baseline 1n
the adrenal axis and several other pituitary hormones
were significant, there was no true control group: all
subjects were treated with MA.

CONCLUSIONS

In this post hoc analysis of serum samples from healthy
older men, MA significantly affected the secretion of
several pituitary hormones and end-organ hormone
synthests. Significant adrenal suppression was observed
mn 20 of 21 subjects, without the development of clini-
cally significant adrenal insufficiency. These findings
suggest that the mherent glucocorticoid activity of MA
was sufficent to fulfill basal glucocorticoid requure-
ments. However, whether this degree of glucocorticord
activity 1s adequate 1n critical illness or after abrupt dis-
continuation of MA 1s unknown. Even partial adrenal
msufficiency 1n malnourished, frail older patients might
have serious consequences. Until additional research
establishes the adrenal status after discontinuation of
MA treatment, we recommend that oral glucocorticord
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admunistration or tapering of MA be strongly consid-
ered 1n these patients.
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