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Androgen 7 a-Methyl-19-Nortestosterone in

Hypogonadal Men

RICHARD A. ANDERSON. A. MICHAEL WALLACE, NAVEED SATTAR. NARENDAR KUMAR. svo

KALYAN SUNDARAM

Medical Research Council Human Reproductive Sciences Unit, University of Edinburch (R.AA. Edinhurat U
Kingdom EH16 {SB: Department of Clinical Biochemistrv, Roval Infirmary 'TAMW. NS Glasgene (- :

K=

G4 OSF: and Center for BioMedical Research. The Population Council 1N k. RS New York, New York Jonls

The potent synthetic androgen Ta-methyl-18-nortestosterone
(MENT) is resistant to 5a-reductase but is a substrate for aro-
matase. It may therefore offer selective sparing of the prostate
gland while supporting other androgen-dependent tissues.
MENT acetate implants were administered for 24 wk to 1§
hypogonadal men, randomly allocated to 1 or 2 implants
{groups I and IL respectively; releasing - 400 ug/d-implant).
Hemoglobin concentration and hematocrit were maintained
during MENT treatment, Prostate volume fell in group I and
to a small, but statistically nonsignificant, degree in group II;
the level of prostate-specific antigen fell significantly in both,
Lumbar spine bone mineral density decreased in both groups.

TESTOSTERO?\'E IS REQUIRED to support a wide range
of phvsiolagical processes in men. These inctude mus-
cle, bone, and liver metabolism, ervthropoiesis, behavioral
and sexual function, support of ACCESSOTY SeN Organs, par-
ticularlv the prostate gland, and regulation of gonadotropin
secretion. Some of these, notably support of liver, muscle,
and bone marrow function, are mediated by testosterone
itself (1). Testosterone can also act as a prohormone; con-
version by the enzyme Sa-reductase to dihvdrotestosterone
(DHT) is of particular importance in the prostate (2, 33,
whereas conversion by aromatase to estradiol is recognized
to be important in maintaming bone mass (4, 3) and regu-
lating serum lipids (6) and gonadotropin secretion (7, 8).
Other functions, such as sexual interest, mayv also be at least
partially dependent on aromatization, although the evidence
15 less clear in humans than in animal species (Y123
Currently available androgen preparations are limited.
Most men on androgen replacement receive injectabie tes-
tosterone 17a-hvdroxv] esters at frequent intervals. Alterna-
tive, but less commonlv used, preparations include sc pellets,
nonscrotal and scrotal transdermal patches, and transdermal
gel. all of which are testosterone based. The effocts of these
preparations: therefore largely reflect those of testosterone
itself, although scrotal preparations result in relatively
higher DHT concentrations. A sinthetic androgen might

Abareviations: BMD. Bone mineral densitn s OV coetticient of vari-
ation: DENA, dual energs wrav absorptiometrs; DHIL dihy drotestos-
terone: MENT. Ve-methvl- t4-nortestosterone; MENT Ac Cre-methyl-14-
nortestosterone acetate; NPT, noctumal penile tumescence: sy,
prostate-specitice antizen; SES. Seauality Experience Seales.

Sexual behavior and erectile function declined in group L, but
were maintained in group I1. Thus, overall. one MENT implant
appeared to provide subphysiological androgen replacement.
The Z-implant dese of MENT was able to maintain most an-
drogen-dependent functions, except bone mass. and there was
evidence to support selective sparing of the prostate gland.
These results demonstrate for the firt time in humans the
selectivity of MENT in tissues dependent on 5a-reductase. In
addition. our data are consistent with the importance of ad.
equate estrogenicity as part of the necessary spectrum of ac-
tivity of an androgen for replacement therapy in men. +J Clin
Endocrinol Metab 88; 2784-2793, 2003

have the advantages of tissue or metabolic seloctivitg, re-
flecting it relative androgenicity and metaboliam By oaro-
matase  and  Sa-reductase. TusMethy b ivonoriestosternone
IMENT) i< a potent synthetic androgen thae
Seereduction, but can be com erted by the enzvme aromatase
toan active estrogen (13, 141 Theoreticaily this wili re~ult in
relative sparing of the prostate from androceni ~tmulation.
because this sland is sen=itive te potent 3
gens while maintaining  other Phvsiclegival androg
dependent functions, such as ~oxual behavior, muscie and
bone anabolism. eryvthropoicsis and hyvpott : 3
feedback. NMENT mav therefore have adsvariaces over tos-
tosterone in both posonadal men and a-~ 2 Jomponent of
hormonal male vontraception (1x e Data to support the
relative sparing of the prostate by MENT hav e ven obtaned
In nonhuman primates : 170 and we have demonstrated the
ability of MENT ta ~upport androcen-dependent mood and
sexzual behavior in hvpogonadal men i~ Gonad Lropin
secretion in normal men i~ alse potentiv suppressed by
MENT 1195, but there are no human daty on the effects of
MENT on the prostate or on nenreproductve taues <uck e
bone.

MENT is not bound by SHBG thus, 1 rapidl
from the circulation 1200 Admini~tration Pvimplartorin
transdermal patch or gel s therefore requited, MENT sootate
OMENTAC has been formulated in eths lene vinvl acetate
impiants, thus giving the potential for fong-term therapy
MENTAC s rapidiv by drolvzed on release from
into MENT, which 1= the biologicallv active moewety in the
circuiation. These implants result in relam eiv stable ~erum
concentrations of MENT releasing the dose respuaired foran-
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drogen replacement (15}, but have only been used in short-
term (4—6 wk) studies (18, 19). We here report the results
of longer-term administration in hypogonadal men to in-
vestigate the safety of MENT and its effects on androgen-
dependent target tissues and functions, including prostate,
bone mass, body composition, and sexual function.

Subjects and Methods
Study design

This was an open, randomized, parallel group, single center study
investigating MENTAc implants in two doses as hormonal replacement
therapy in hypogonadal men. To allow comparison with conventional
testosterone treatment, subjects were maintained on testosterone for 24
wk before MENT administration. After study entry, subjects continued
with their regular testosterone treatment for 15 wk. This was then stan-
dardized for the last 9 wk, with all subjects receiving 250 mg lestosterone
enanthate i.m. {Testoviron, Schering AG, Berlin, Germany) at wk 15,18,
and 21. Subjects were then randomized in blocks of six by random
number allocation to receive one or two MENTAC implants (groups1 and
1L, respectively) for a further 24 wk. Implants were then removed, and
subjects returned to their regular testosterone treatment.

Subjects

Sixteon hypogonadal men were recruited (mean age, 32 yr; Tange,
1945 yr). Diagnoses were isolated hvpagonadotropic hypogonadism
(n = 4), adrenal hypoplasia congenita (2), primary gonadal failure or
anorchia (4), Klinefelter's syndrome (2), and hypothalamic/pituitary
tumor {(4). All were receiving androgen replacement therapy at the time
of recruitment in the form of testosterone pellets (n = 8), injectable
testosterone esters (7). or transdermal testosterone {1). Three men were
hypoadrenal and additionally took hydrocortisone (all three) and
fludrocortisone (two only}), and one had been diagnosed with hypothy-
roidism and took T, the doses of these replacement therapies were
constant during the study. No man was recoiving GH treatment. The
mean off-treatment testosterone concentration was 2.7 nmol/liter, with
all men having subnormal concentrations (<85 nmol/liter). All men
gave written informed consent to take part in this study, which was
approved by Lothian Pediatric and Reproductive medicine ethics com-
mittee and the institutional review board of The Population Council.

MENTAc implants

MENT implants each contained 135 mg MENTAc and were prepared
in the Center for Biomedical Research. Implants were inserted sc under
local anesthetic into the medial aspect of the nondominant upper arm
and were later removed also under local anesthesia. The amount of drug
remaining within each implant after removal was subsequently deter-
mined to allow calculation of the average rate of release over the course
of the study.

Interventions and outcome measures

Blood samples were taker at all visits. Clinical chemistry and hema-
tology variables were measured at study eniry, immediately before
MENT implant insertion, and after 8 and 24 wk of MENT treatment.
Other investigations were carried out at the same time points. These
included a behavioral survey, nocturnal penile tumescence (NPT) mea-
surement, transrectal ultrasound measurement of the prostate gland and
dual energy x-ray absorptiometry (DEXA} to measure bone mineral
density (BMD) at the lumbar spine (L1-L4) and hip (eft femoral neck),
and bedy composition {lean and fat mass, and total bady calcium). The
behavioral survey consisted of a structured questinnnaire/'mterview
and Frenken Sexuality Fxperience Scales (SES)2 scoring as previously
described (18, 21). Sexual activity was scored as the sum of sexuzl
intercourse and masturbation over the preceding 14 d, as not all subjects
had sexual partners. NPT was measured using a Rigiscan device on 2
successive nights at the end of the testosterone and MENT treatment
phases, with data derived as previously described (18, 22). Prostate
ultrasound was performed using a biplanar rectal probe at 8 MHz

J Clin Endocrinol Metab, June 2003, 83(6):2784-2793 2785

{Becoccee, Toshiba, Stirling, TK) with volume calculated according to
the volume (d1 » d2 x d3 X w/6), and DEXA was performed using a
QDR-45004 instrument (Hologic, Inc., Bedford, MA). Rectal ultrasound
and DEXA were not performed at 8 wk of MENT treatment.

Assays

Sorum MINT and leptin concentrations were measured by RIA as
previously described (23-25). For MENT, the intraassay coefficient of
variations (CV? was 3.8-7.9%, and the interassay CV was R.0-12.3% for
the controls. Because of the cross-reactivity of testosterone {1.1%) and
other serum factors in the MENT assay, a value of 0.38 = 0.04 nmol/liter
was obiained pretreatment. For leptin, intra- and interassay CV wereless
than 8%, Serum testosterone levels were measured by RIA using the
Coat-A-Count twtal testosterone kit (Diagnostic Products, Los Angles,
CA). The assay sensitivity was 0.14 nmol/liter. The intraassay CV was
3.4-83, and the interassay CV was 1.3-13.9 for the controls used in these
assays. [lasting Plood was withdrawn for lipid profile via modification
aof the standard lipid research clinics protocol; the intra- and interassay
CV for all lipid measurements were less than 3%. Bone alkaline phos-
phatase was measured in plasma by ELISA (Al kphase-B, Metra Biosys-
tems, Mountain View, CA); the intra- and interassay CV were less than
8%, Deoxypyridinoline crose-links were measured in urine by ELISA
{Pyrilink-13, Metva Biosystems}. Intra- and interassay CV were less than
11%,. Prostate-specific antigen (PSA) was measured on an Advia Centaur
immunoassay analyzer (Bayer Corp., Newbury, UK). Intra- and inter-
assay CV were less than 5%. For MENT and testosterone, data were
derived from five assays; for other analytes, two assays were run.

Analysis of data

Results are reported as the mean * SEM. Hormonal and metabolic
data were log-transformed to correct nonequality of variance. The pri-
mary analysis used was repeated measures ANOVA on data at the end
of the testosterane phase, i.e. immediately before MENT administration,
and after 8 and 24 wk of MENT treatment. If this analysis suggested a
significant treatment effect (P < 0.05), Tukey’s test was used to inves-
tigate the time points at which significant changes were detected. For
data abtained only before and after 24 wk of MENT administration,
paired  tests were used. Behavioral data were analyzed by nonpara-
metric testing, using Wilcoxon's test.

Results

Subjects, discontinuations, and aduverse events

There were no serious adverse events during the course of
the study. One subject discontinued the study during treat-
ment. He was randomized to receive one MENTAc implant,
and over the subsequent weeks he complained of lethargy
and tiredness, which he attributed to androgen deficiency.
He withdrew from the study after 8 wk of MENT treatment.
All other subjects completed the study, and there were no
complications arising from either insertion or removal of the
MENTAc implants. There were no consistent changes in any
of the biochemical or hematological variables indicating any
evidence of toxicity. There were no significant changes in
blood pressure during the study.

MENT and testosterone concentrations

Serum MENT concentrations were determined at 4-wk
intervals (Fig. 1). Both groups showed a rise in MENT con-
centrations, with a peak at 4 wk. MENT concentrations were
similarin the two groups at 8 wk, but then declined, and were
<lose Lo the limit of sensitivity of the assay in group 1 from
12 wk onward. In group I, serum MENT concentrations at
the time of removal after 24 wk were approximately 50% of
those at 4 wk.
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Fii. 1. Serum MENT (A and testostercne 'B concentrations during
the study. The duration of administration of the MENTAc implants
is indicated by the bar. B, Testosterone administration both before
and after MENT administration. Open svmbols. Group I filled svm-
bols. group 11 Values are the mean = sEM.

Analysis of the amount of MENT remaining in the im-
plants after removal demonstrated that the implants released
an average of 48° of the MENTAc thev originally contained.
The mean MENTAC release rate per implant was 397 = 7
pg/d in group [ and 382 = 6 pg/d in group II.

Testosterone concentrations were 9.0 = 1.8and 126 = LU
nmol/liter in groups I and I, respectively. at the time of
insertion of the MENTAc implants. These were trough con-
centrations, 21 d after last administration of TE. Testosterone
concentrations fell during MENT administration (Fig. 1) to
0.8 = 0.5 nmol/liter at 12 wk of MENT treatment in group
1 with no further change, and progressively to 1.1 = 0.3
nmol/liter in group IT at 24 wk of MENT treatment.

Ervthropoiesis

There were significant increases in both hemaoglobin con-
centration and hematocrit during the study (Table 1). These
were, however, largelv confined to the testosterone phase of

Anderson or 270 Tieaie Selerin FALENT m Hupegeneda Mern

the study in group [I 1 < 0.05n both casesi with no
significant change during MENT treatment in cither group.
There were no significant changes in white blood cell or
platelet count during the study.

Lipoproteins

There were no significant changes in total cholesterol
high. low, and very low densitv lipoprotein cholesterol: trig-
Ivcerides; or apolipoprotein A during MENT treatment in
either group (Table 11 There was. however, & progressive
and significant rise in apolipoprotein B in group I during
VMENT treatment (P = 0051 and a smaller nonsignificant rise
in group [ 1Table 1.

Behavioral data

The frequency of sexual activity showed ne siznificant
change over the course of the study rFin 25 There was,
however, a trend toward a reduction in frequency of sexual
activity in group [ that was not seen in group Il There were
<imilar findings for self-reparted frequency of waking penile
erection (Fig. 21, SES2 scores also showed a <imiiar pattern.
with a lower scare 70 less negatives atter 24 wh of MENT
in group 119 = 0.02 7= % wKk MENT: iz 2+ There were no
significant changes n group IL

NPT measurement showed significant devhines in group 1
in both the total number of erectile events 7 = 0% and in
those achieving rigidity of greater than and lasting
longer than 10 min during MENT adnunistration i = ond
Fig. 33, but there was no change in wroup I There was no
change in average event rigiditv in either treatment group.

Prostate rolume and serum PSA

There were significant changes in prostate v olume during
the studv in group I but not group 11 Fu 3o There was a
small increase in prostate volume durng testosterone treat-
ment, which did not reach statistical significance i either
group. In group [ prostate velume Jdevreased during MENT
treatment from lod = 19 to 1200 = 24 mi 0 = ddle
whereas there was no change in group 112133 = 100 LT =
1.5 ml: P = N5

Serum PSA also showed significant changes during treat-
ment. in both studv groups (Fig. 3 Insroup there was no
change during testosterone treatment. but there was 3 St
pificant decline during MENT treatment 77 = Saiion Thu~
decline in PSA was significant by 8wk ot treatment o -
Q00011 with a further slicht decline by the end of MENT
treatment. Group I also showed no stenificant change dur-
ing testosterone treatment. but an overall fall in serum PRA
during MENT treatment «' = 001 Howen or, in thus greup
serum TSA showed a small, but significant. rise 2t S whk ot
MENT treatment (7= 0o o start of MENT treatment:.
fallowed by a significant fali by the end of MENT treatment
(P = 0004 sostart of MENT treatment:

BMD

In general, BMD was low compared with that of the gen-
cral pupulatiun, although none of the subtevts <howed os-
teoporosis at either site examined. Lumbar ~pine BMD
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TABLE 1. Hematological variables and lipoproteins during testosterone and MENT wdministration

Group Study start 24wk T 8wk MENT 24 wk MENT
Hemoglobin (g/liter) 1 148 = 12 151 = 10 151+ 8 152 = §
I 149 = 8 155 - & 160 + 7 159 = 7
Hematecrit T 0.43 = 0.04 0.44 + (.02 (.44 + 0.02 0.45 + 0.02
11 0.44 + 0.03 0.46 = (103 0.48 + 0.03 0.47 *+ (.03
Cholesterol {mmolAiter) I 50 = 0.8 4.7 = 1.1 50+ 11 52+ 1.0
11 4.3+ 1.7 45 - 1.6 4415 47+t19
HDL-C immolAiter} I 1.2 104 1.2 .03 1.2 + 03 1.1+0.3
11 1204 1.2 104 1.1 =42 1.1 =03
LDL-C ‘mxmol/liter) 1 3.1%09 2869 32+ 11 34211
It 2516 24+13 26115 28+17
VIL.DL (mmol/liter) I 0.7 =05 07+ 05 0603 4.8 £ 0.5
11 6104 09 086 0.7 =03 0.8 =05
Triglycerides (mmol/liter) I 1510 1.5 111 14 =086 1.7 + 1.0
I1 1.3+ 09 2010 1.2 1.5 =47 1.6+ 1,0
Apeclipoprotein Al (mg/dD) 1 124 + 20 119 £ 15 119 = 15 116 = 21
II 119 = 18 121 = 20 114 = 15 115 =13
Apolipoprotein B (mg/d]) 1 99 + 21 95 + 2 101 = 29 108 = 28
I1 77+ 31 84 - 32 86 - 31 90 = 32

Data are mean *+ sn. 24 wk T, Time point at which MENTAc implants were inserted. after 24 wk of testosterone treatment since the start

of the study: VLDL, very low density lipoprotein.

“ There were significant increases in both bemoglobin concentration and hematoerit in group I during testosterone treatment: changes during

MENT treatment did not reach statistical significance.

® There was a significant rise in apolipoprotein B in the one implant group during MENT ireatment (P < 0.05).
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Values are the mean * sEM. *, Significant change during MENT administration (P = 0.115).

showed asignificant decrease during the stud vinboth group
I{P = 0.04) and group 11 (P = 0.03), whereas BMD at the hip
showed no change in either group (Fig. 4). In group | there
was no significant change in lJumbar spine BMD during tes-
tosterone treatment (median change, +1.7%), but there was
a significant decrease from 1.09 + 0.05 to 1.04 = 0.06 g/m’
(P = 0.05) during MENT treatment (median change, —3.0%).
In group IT lumbar spine BMD fell from 1.00 = 0.04 to 0.98 =
0.04 g/m* during MENT treatment (P = 0.05; median change,
—-2.8%).

Biochemicul markers of bone turnover

Serum bone-specific alkaline phosphatase was unchanged
during testosterone treatment in group I, but showed sig-
nificant changes during MENT treatment (P = 0.017; Fig. 4).
There was a significant decline at wk 8 of MENT treatment
(P = 0.004), but this had returned to pre-MENT treatment
concentrations by 24 wk of MENT (P = 0.04 vs. § wk; P = NS
vs. pre-MENT,. Group T also showed a significant rise in
urinary deoxypyridinoline cross-link excretion in urine dur-
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ing MENT treatment (P = 0.01; Fig. 4). Although this rise was
apparent at 8 wk of treatment, it was not statistically signif-
icant at that time point. There were no signiticant changes in
either serum bone-specific alkaline phosphatase or urinary
deoxvpyridinoline cross-link excretion in group II during
either testosterone or MENT treatment.

Bodyv weight and composition

There was a small increase in body weight in group 1 (P =
0.04), but not group 11, during the study (Fig. 3). The increase
in bodv weight in group [ was confined to the MENT treat-
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e, raded
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ment phase {7 = 003 Tean mass also <howed a significant
change in group 1177 = 00030 also contined to the MENT
phase (P = 0.006; Fig. 510 Although fean mass also increased
in group 11 (7 = 0.1, this was largely dunng testosterone
treatment (7 = 0.02) with no sigruficant change during
MENT treatment. There was no change in fat mass in greup
I, but there was a decrease in fat mass during MENT treat-
ment in group I (Fig. 51

Serum leptin concentrations were unchanged during both
testosterone and MENT treatment in group T and swere un-
changed during testosterone treatment in group b 51
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However, there was a significant fall in leptin concentrations
in group 1l during MENT treatment (P = (.0004), which was
apparent by 8 wk of MENT treatment (I = 0.0006) and
sustained at 24 wk MENT treatment.

Discussion

This study provides the first human data on the effects of
MENT, a potent synthetic androgen with potential tissue
selectivity, on a range of androgen-dependent tissues and
functions. The MENT implants investigated here offer the
potential for both a long duration of action and theoretically
a reduced action on the prostate by virtue of the resistance
of MENT to Sa-reduction (13, 26, 27). MENT may also sup-
port estrogen-dependent tissues, although the data regard-
ing aromatization are very limited (14}. This study reports
the investigation of this potential selectivity in hypogonadal
men. Effects on the prosiate gland and BMD were investi-
gated, using both biophysical and biochemical tests, as an-
drogen-dependent target organs in which Sa-reduction and
aromatization, respectively, are of major importance (2, 4, 28,
29). Tissues in which testosterone metabolism is of lesser
importance, such as bone marrow, provide an index of the
overall adequacy of the androgen dose. Tt must be recog-
nized, however, that it is unclear how to determine with
certainty androgen replacement in the absence of an ability
to measure serum testosterone, and indeed this study sig-
nificantly informs that debate which is central to future stud-
ies on androgen derivatives (30).

The MENTAc implants used in the present study con-
tained slightly more steroid than those used in previous
studies. In those studies, two implants were demonstrated to
support sexual behavior and erectile function in hypogo-

nadal men (18) and to result in dose-dependent suppression
of gonadotropin secretion in normal men (19). MENT is
approximately 10-fold more potent than testosterone at the
androgen receptor (31-33), and the present implants were
designed to release approximately 400 pg/d. One and two
implants were thus calculated to provide replacement equiv-
alent to the lower and higher regions of the physiological
range of testostcrone production in normal men (34-36).
Analysis of residual steroid in the implants after remaoval
confirmed this average rate of release, although measure-
ment of MENT in serum suggested that there was consid-
erable variation in release over the course of the study, with
peaks at 1-2 months, followed by a decline to low concen-
tratioms in group L. These changing concentrations compli-
cate interpretation of the data, as it must be borne in mind
that it is possible that the effects within one treatment group
may vary significantly between those at peak concentrations,
.0 at 8 wk compared with those at the end of the study after
24 wk of treatment. Detailed analysis of concentrations, pat-
ticularly in the second half of the study, is limited however
by the sensitivity of the immunoassay.

Hemoglobin concentration and hematocrit were un-
changed during MENT treatment. These have been demon-
strated to boe sensitive markers of androgen treatment in
hypogonadal men, showing rapid and marked increases on
initiation of testosteronc treatment (37). Androgen with-
drawal from treated hypogonadal men has been little stud-
ied, but induced hypogonadism in normal men with replace-
ment testosterone showed that a dose of 125 mg TE per wk
was required to maintain normal hemoglobin concentrations
(38). These data therefore suggest that the androgen stimulus



2790 J Clin Endocrinol Metab. June 2003, 38 6:2754-2793

to the bone marrow was adequate in both groups tor the
duration of MENT treatment.

The prime argument for the potential value of MENT in
man has been that it is theoretically prostate-sparing by vir-
tue of its resistance to Sa-reduction (15, 17). Evidence to
support this was obtained in this study. Prostate volume was
found to fall during the administration of one MENTAc
implant and showed a small, but not significant, fall in men
administered two implants. These data were supported by
measurement of serum PSA, which showed a fall in both
groups. LUltrasound measurement of prostate volume and
serum PSA concentrations are fow in untreated hypogonadal
men, rise with androgen replacement, and fall in normal men
during induced hypogonadism (39-41), although others
have reported increases in prostate volume without change
in PSA during testosterone treatment of hvpogonadal men
(37). Although the fall in PSA was apparent after onlv 8 wk
of MENT administration in group 1, PSA concentrations
were maintained at that time point in group I, but then fell
at 24 wk of treatment. These data are consistent with serum
PSA providing a sensitive index of androgen replacement in
hypogonadal men and suggest that in group 1l there might
be a reduction in the androgen stimulus to the prostate as
serum MENT concentrations declined in the second half of
the study period. Serum PSA concentrations show more
rapid charges than prostate volume in response to androgen
treatment (42). Although MENT is resistant to Sa-reduction,
it s still a potent androgen; thus, selectivity at the prostate
is only relative mmpared with its effects on other androgen
targets. In the nonhuman primate, MENT was found to be
10- rold more potent that testosterene at suppressing gonad-
otmpm secretion, but onl\ 3 times more potent at the prostate
(17). Similar results were obtained in rodents (16). In the
present studv it is thus likelv that ultrasound measurement
was insufficiently sensitive to detect any modest reduction in
androgen stimulus to the prostate in group [T over the time
scale involved, and it is alse possible that the small prostates
of these relatively voung hypogonadal men (37, 40, 43) may
also have limited our ability to detect a fall in volume, Over-
all, the present data are consistent with the hypothesis that
the doses of MENT administered here do not support pros-
tatic tunction to the same degree as testosterone.

The maintenance of BMD in men is testosterone depen-
dent; it is lower in hvpogonadal men and increased by ex-
ogenous testosterone administration (44—46). Part of the of-
fect of testosterone is mediated by conversion to estradiod,
demonstrated most dramatically by individuals with muta-
tions in the genes encoding the estropen receptor and the
enzvme aromatase (4, 47), although both direct effects and
Aa-reductase may have a role (48, 49). Both cross-sectivnal
and prospective studies have demonstrated a closer rela-
tionship between BMD and circulating estradiol than testos-
terone concentrations (30-32), and there is emerging evi-
dence for a threshold estrogen concentration for maintenance
of the skeleton in men (29). MENT is a substrate for aro-
matase (I4), although this has not been directhy demon-
strated in men; it might therefore be supposed that MENT
would support B\ID. The present data demonstrate a fafl in
BMD at the lumbar spine in both groups. The magnitude of
the fall is similar to that recentlv reported after treatment of
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men with a GnRH analog (731 Other studies have shown
greater testosterone-dependent chanses at the lumbar spine
than hip (37, 34, consistent with the present data, Biovhem-
ical markers sugpested a small tall in bone formation and an
ncrease in bone resorption in group [ consistent with there
being a subphvsiological androgen stimulus o bone at least
in group L BMD determined by DDEXA oives a more impor-
tant integrative measure of changes over time: thus. these
data suggest that bath one and two MENT implants as
formulated here, do not provide adeguate suppoert to the
skeleton. It is possible that tissues in which aromatization or
testosterone = important in mediating the effects of andro-
gen may require higher doses of MENT than those trssues
that do not. During MENT administratien. the circalatine
androgen concentration 3= much lower than with testoster-
one replacement; thus, there is a much lower mass or <ub-
strate for conversion by aromatase. both lovallv i bone and
in other tissues, such as fat. that contribute to circulating
estrogens. The high potency of MENT as an androgen b
reduurw the dosage requirement. thus becomes disadyan-
tageous when metabolism by aromatase i required. How -
ever, this interpretation must be regarded as speculative on
the basis of the present data.

Measares of sevual behavior and erectile function showed
decreases in group 1, but were <ustained sroup 11 Une
subject in group | akso withdrew from the studs because ot
symptoms of hypogonadism. The findings in group Imav be
analogous to those discussed above for BMID althoush the
relative importance of testosterone metaboiism in sewual be-
havior i= verv uncertain. Male ~exual behajor and erectile
tunction are clvpcndcnt N testosterone 2253537 aithough
testosterone replacement at the lower end of the phvsiolog-
ical range is sufficient tor normal ~exual actis ity and erectiie
function (36, 38, 393 In manv animal ,‘-E‘LL.U\ it i~ clear that
the effect of testosterone on male ~evual behavior s mediated
by estrogen (60, 6l In humans, studies tsing the estrogen
antagonist tamonifen or the aromatase inhibitor testolactone
did not provide evidence for an mportant role for estrogen

(1, 110 DHT. which = not a substrate for aromatase. i~ able
to <upport male sexual behavior (110 although the nonaro-
matizable androgen mesterolone did not support sexual ac-
tivity in h\ pngnnadal mety as etfectiy Li\ as testosterone (Y
E\eu’ntl\ the iy estigation of an individual with an inact-

vating mutation of arematase demonstrated an increase in
sexual behavior with estrogen, but not testosterone, ireat-
ment (121 It therefore appears that aromatization mediates
at least some of the offects of testosterone on sevual behayior.
The importance of fe-reductase in mediating the behavioral
vtiects of testosterone 1= unclear, a= inactiy ation of the tvpe
2 lsoenzvme by genetic mutation or by currentls available
pharmaceutical agents results in oniv partial dnpwtmr\ ot
DHT. and the tvpe Lwoensvme pru‘lomm..ier- in the bram 3
621, The decreases in<evual activiey, SFR2 <ores and erectile
function in sroup | suggest that one MENT AC implant does
not provide adequate re p]ammtnt tor these functions. It
apprars that an increased dose of MENT i~ .‘(‘It to provy ide
adequate support to sevual behavior and erecttle function as
previoushv demonstrated (151 consistent w 1th the relatively
fow threshold for testosterone-mediated support of these
functions (56, 381 and the aromatization of NENT <14
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Concentrations of high density lipoprotein cholesterol are
influenced by testosterone concentrations in normal men (38,
63-65). These effects may also be mediated by estrogen (6, 38,
66, 67). In castrate monkeys, MENT had the same relative
potency to testosterone in its effects on lipids as on gonad-
otropin suppression and body weight, consistent with 5a-
reductase not being invotved (17). No significant changes in
serum lipoproteins were detected in the present study, with
the exception of a rise in apolipoprotein B in group I during
MENT treatment. This is suggestive of androgen under re-
placement in group I, as elevated apolipoprotein B, which, in
turn, relates to greater insulin resistance, correlates better to
an increased risk for cardiovascular disease than low density
lipoprotein cholesterol (68).

Lean body mass is dose-dependently maintained by tes-
tosterone in normal and hypogonadal men (37, 38, 45). Con-
versely, fat mass is also increased in hypogonadal men, re-
duced by testosterone treatment in most studies (37, 69, 70),
and inversely related to testosterone concentrations in men
with induced hypogonadism (33). Changes in lean and fat
mass in the present study were complex, reflecting the lim-
ited cohort size and the potentially confounding impact of
external influences such as changes in diet and the amount
of exercise taken, which were not controlled. There was an
increase in lean mass in group I during MENT treatment and
a fail in fat mass and serum leptin concentration in group L
Leptin is produced by adipose tissue, and serum concentra-
tions are excellent surrogate indicators of fat mass (71). Lep-
tin concentrations are inversely related to testosterone, are
suppressed by testosterone administration in normal men,
and are increased during induced hypogonadism (72-74).
The fall in leptin in this group may therefore reflect the fall
in fat mass during MENT administration. The relevance of
these observations is that circulating leptin, possibly as an
indicator of elevated fat mass, has been independently linked
to risk for coronary heart disease events (73). The potential
use of MENT in restoring androgen status and reducing fat
mass in elderly men therefore merits more detailed investi-
gation with respect to cardiovascular risk.

In conclusion, these data show no evidence of toxicity of
MENT at either dose during 24 wk of administration. The
differential effects of MENT on the prostate, BMD, sexual
behavior, and erectile function and on bady composition and
erythropolesis are consistent with relative prostate-sparing
by this potent androgen while maintaining functions that are
mediated by testosterone directly. However, at the dose of
one implant, there was inadequate replacement in tissues
and functions in which aromatization is important in medi-
ating the effects of testosterone. The higher dose of MENT
investigated appeared to be able to compensate for this in
supporting erectile function, but BMI) at the lumbar spine
still decreased. The apparent benefit at the prostate gland is
thus balanced by the effects on bone metabolism. These data
are important for the future development of androgens with
restricted metabolism compared with testosterone.
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