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INTRODUCTION

Androgens have been in clinical use since testosterone was first
isolated and synthesized in the 1930s. Today, oral and injectable
preparations, mainly of esters of testosterone, are in widespread use for
the treatment of androgen-deficiency states. Since the 1970s, the WHO
Special Programme of Research, Development and Research Training
in Human Reproduction and other agencies have been exploring the
use of androgen preparations for male contraception.

Although the clinical safety of androgen therapy is well established,
the risks and benefits of androgens for fertility regulation of men need
to be kept under constant review, as is the case with estrogens for
female contraception.

In 1977 the Programme convened a consultation to review the
possible consequences for prostatic function of giving androgens to
normal men. Since thenthe Programme has been monitoring the safety
aspects of androgen use. In 1990, at the suggestion and with the
support of the Programme, the National Institute of Child Health and
Human Development, the Contraceptive Research and Development
Program (CONRAD), and the US Food and Drug Administration
sponsored a Workshop Conference on “Androgen Therapy: Biologicand
Clinical Consequences”. A detailed report of the meeting was prepared
by the Chairmen of the various workshop sessions from which a
summary of the conclusions entitled “Androgens: Risks and Benefits”
was published (Bardin CW, Swerdloff RS, and Santen RJ. Journal of
Clinical Endocrinology and Metabolism, 1991, 73: 4-7). Valuable
though this summary is, the Programme, which is conducting clinical
studies using androgens in many countries in the world, felt that it
would be useful to produce a booklet which would make the consensus
views expressed at the Workshop accessible to all clinical investigators.

The present Guidelines aim to provide guidance to clinical investi-
gators and regulatory authorities on the clinical use of androgens and
the evaluation of new compounds for the treatment of hypogonadism
and for male contraception. It contains two sections. The first summa-
rizes the biological effects of androgens and the risks and benefits of
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selection and safe monitoring of normal volunteers and hypogonadal
patients participating in clinical studies in which androgen prepara-
tions are used. The World Health Organization is grateful to the
sponsors of the Workshop Conference for their permission to publish
the consensus report as an appendix to these Guidelines.



1. BIOLOGICAL EFFECTS OF ANDROGENS

Testosterone—the most abundant and important androgen in the
human male—is produced by the Leydig cells of the testis under the
regulatory control of luteinizing hormone (LH). It can exert its effect
directly via specific androgen receptorsin the target tissues or through
conversion to 5-alpha-dihydrotestosterone (DHT) and estradiol. In
someorgans, such asmuscle, bone, and testis, testosterone acts directly
on the androgen receptor. In many peripheral tissues, including the
external genitalia, accessory sex organs (e.g., the prostate), and skin,
testosterone is converted to DHT prior to exerting its androgen-
receptor mediated effects. In some tissues, such as adipose tissue and
some brain cells, testosteroneis aromatized to estradiol and thus exerts
its effect through the estrogen receptor.

In the developing fetus, testosterone causes differentiation and
development of the seminal vesicles, epididymis, and vas deferens from
the Wolffian ducts. The development of the prostate, penis and scrotum
depends on the conversion of testosterone to DHT. Testosterone de-
creases the pulsatile release of the gonadotrophin-releasing hormone
(GnRH) from the hypothalamus and the gonadotrophins (LH and
follicle-stimulating hormone, FSH) from the pituitary through a nega-
tive feedback action. Testosterone is required for the initiation and
maintenance of spermatogenesis. The inhibition of intratesticular
testosterone secretion by any means, including the suppression of LH
secretion by the exogenous administration of testosterone, inhibits
spermatogenesis.

Androgens are clearly important for normal male sexual function.
Testosterone is necessary for libido and spontaneous erections, but
androgens have little effect on erections in response to visual erotic
stimuli. While testosterone is important for penile growth during fetal
life, childhood, and puberty, it does not have a direct influence on the
erectile response of the phallus.

Androgens also have a number of effects on non-reproductive
tissues. The extent of the influence of androgens in the central nervous
system on cognitive, social, and sexual behaviour in the human
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remains controversial and requires further study. In lower species
aggressive behaviour in the male can be correlated with serum
testosterone levels. In human males, however, androgens are much
less importantin modulating aggressiveness; such behaviour is appar-
ently largely determined by social learning.

In the liver, androgens influence the synthesis and secretion of a
variety of serum proteins. They stimulate the production of
erythropoietinin the kidney, and may have a direct action on stem cells
inthe haematopoietic system. In the skin, androgens stimulate growth
of the beard and axillary and pubic hair, and cause recession of the
temporal hair line and balding in those genetically predisposed to it;
androgens also stimulate sebum production. Androgens cause nitrogen
retention, which may lead to increases in lean body mass, muscular
strength, and mass. Androgens cause acceleration of linear growth at
puberty: the pubertal growth spurt is thought to be due to androgens
augmenting the secretion and action of the growth hormone and stimu-
lating increased hepatic and local production of insulin-like growth
factor I. Androgens also cause maturation of the osteoblasts and
chondrocytes, leading eventually to epiphyseal fusion and cessation of
linear growth. They also act on bone cells to stimulate bone formation
and appear to be necessary for the development and maintenance of
normal bone density. Androgens are responsible for deepening of the
voice: they cause the larynx to enlarge and the vocal cords to thicken.
Finally, an imbalance of androgens to estrogens may be important in
the pathophysiology of gynaecomastia.

The actions of androgens on target organs depend on the age of
development of the male. For example, as mentioned earlier, andro-
gens are important in fetal life for the differentiation of the Wolffian
ducts and masculization of the external genitalia. During puberty,
androgens cause nitrogen retention, stimulate the pubertal growth
spurt, laryngeal and phallic enlargement and the development of
secondary sex characteristics. In the adult, androgens are required for
normal sexual function, maintenance of secondary sex characteristics,
normal spermatogenesis, and maintenance of normal haematopoiesis
and of muscle and bone mass.



2. RISKS AND BENEFITS OF
ANDROGEN THERAPY

The safety of long-term use of testosterone esters in hypogonadal
menis well proven, and the benefits of androgen replacement outweigh
its risks. For other potential uses of androgen therapy, such asin male
contraception or for androgen replacement in aging men with dimin-
ished testosterone levels, the risk—benefit ratio must be evaluated in
a manner similar to that used for estrogens and progestogens for
contraception and post-menopausal hormonal replacement in females.

The use of testosterone esters in these clinical situations should be
clearly distinguished from the abuse of testosterone and other andro-
gen preparations by athletes, who mostly take a combination of 17-
alpha-alkylated androgens in high doses. Although androgenic ster-
oids may slightly enhance muscle strength, function, and endurance in
trained athletes, the potential adverse effects of these steroids cannot
justify their use. The use of androgens by eugonadal athletes (whether
in competition or not) is strongly discouraged.

The main sites at potential risk of adverse effects from androgen
therapy are the prostate and cardiovascular system. The main poten-
tial benefits of this therapy are improvement of sexual function and
increase in bone and muscle mass.

Risks for the prostate

Benign prostatic hyperplasia (BPH) and prostate cancer are com-
mon problems of the aging male. These conditions develop only if the
physiological rise in androgens during puberty and normal male
development have occurred. There is no direct relationship between
androgen levels in adulthood and the occurrence of these disorders. In
vitro, androgens regulate apoptosis (programmed cell death) of pros-
tate cells. In the presence of androgens, the adult prostate maintains
its normal size through a balance between cell renewal and cell death.
Androgens modulate the growth and differentiation of the prostate by
interacting with growth factors and their receptors and binding pro-
teins within the microenvironment of the prostate.
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BHP occurs in over 80% of men over 70 years of age. About 25% of
them develop symptoms that require urological therapy. Recent stud-
ies have shown that the administration of either GnRH analogues to
suppress testosterone secretion or of a 5-alpha-reductase inhibitor to
lower DHT levels in men with BPH decreases prostate size and
increases urine flow. However, there is no evidence that the adminis-
tration of androgens in hypogonadal or normal men leads to the
development of BPH. In order to investigate this issue, studies includ-
ing monitoring of the size of the prostate by ultrasound, analysis of
urine flow, and markers of prostate disease, such as prostate-specific
antigen, are currently being undertaken in men receiving androgen
therapy.

Prostatic carcinoma is one of the most common causes of death in
Caucasian men. The incidence of clinical prostate cancer is lower in
Asianmenresidingin their country of origin. The incidence of preclinical
(pre-invasive, carcinoma in situ) microscopic prostate canceris similar
among Caucasian and Asian men, but the progression from pre-
invasive (microscopic) to clinical (macroscopic) prostate cancer is 10-
15-fold higher in Caucasian men. In most studies, serum testosterone
levels are similar in men of different ethnic groups. Recent research
suggests that the levels of 5-alpha-reduced metabolites of testosterone
may be lower in Asian men. There are no data to show that the
administration of androgens can lead to the progression of preclinical
to clinical cancer. Once clinical prostatic carcinoma develops, suppres-
sion of androgen production by orchidectomy, estrogens, antiandrogens,
and GnRH agonists will lead to palliation of pain as well as to partial
regression of the tumour and its metastases in most patients.

Metabolic effects and cardiovascular disease

There is no evidence from clinical studies that the administration of
androgens to normal or hypogonadal men produces changes in glucose
tolerance, although some insulin resistance associated with secondary
increaseininsulinlevels may occur. The 17-alpha- alkylated androgens
decrease high-density lipoprotein (HDL) cholesterol, HDL,-choles-
terol, and apolipoprotein Al and AII, and increase total and low density
lipoprotein (LDL) cholesterol, apolipoprotein B, hepatic triglyceride
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lipase and lipoprotein lipase. Unlike the 17-alpha-alkylated andro-
gens, testosterone esters, such as testosterone enantate, have little
effect on total and LDL-cholesterol, although they may cause mild
suppression of HDL-cholesterol. This difference between 17-alpha-
alkylated and non-alkylated androgens (e.g., testosterone esters) may
be due to the ability of testosterone to be aromatized to estrogens, which
have opposite effects to androgens on LDL- and HDL-cholesterol levels.
Moreover, the 17-alpha-alkylated androgens are administered orally
and will cause a first-pass effect on the production of these lipoproteins
by the liver. The clinical significance of these changes in lipid levels
during androgen therapy is not clear.

Mortality due to cardiovascular disease is 5-6 times higher in men
than in premenopausal women. The administration of estrogens to
postmenopausal women is associated with an increase in HDL-choles-
terollevels and thishas a protective effect against the risk of cardiovas-
cular disease. Men have a lower ratio of HDL- to LDL-cholesterol than
premenopausal females. This suggests that some of the difference in
cardiovascular mortality may be related to differences in lipid levels. It
is not known whether the decreases in HDL-cholesterol levels and a
lower ratio of HDL- to LDL-cholesterol induced by the administration
of androgens increases the risk of coronary heart disease. Further-
more, the effects of androgens on red cell mass, coronary artery smooth
muscle function, and fibrinolysis (see below) could have additional
beneficial or adverse influences on the coronary vessels and heart.
Long-term, large-scale studies will be required to assess the effects of
androgens (adverse as well as beneficial) on the cardiovascular system
in eugonadal men.

Sexual function and behaviour

The administration of androgens to hypogonadal men increases
libido and spontaneous erections. There are few and limited studies on
the effect of testosterone on sexual behaviour and sexual functions in
eugonadal men, but most data suggest that pharmacological doses of
testosterone have limited, if any, effect on sexual drive and perform-
ance. Androgens may lead to the appearance of aggressive behaviour
in females and male adolescents. The role of androgens in aggressive
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behaviour in adult men is not clear. More studies on this issue are
needed. Such studies should also address the issue of identifying
appropriate ways of measuring aggression.

Bone mass

Hypogonadism in men is associated with premature osteoporosis
and increased risk of fractures. Androgen replacement therapy in
these patients results in an increase in bone density. If this therapy is
successfully undertaken before puberty, increases in both cortical and
trabecular bone density occur. But ifandrogen replacement is delayed,
only cortical bone density is increased. The effect of androgens on bone
density in eugonadal men is not known and is currently under inves-
tigation.

Muscular mass and strength

Androgens are widely used by athletes and body builders. However,
the evidence that androgens increase muscular mass and muscular
strength in normal men remains inconclusive. Androgens lead to
nitrogen retention and an increase in muscular mass in prepubertal
boys and hypogonadal men. Studies in small numbers of normal men
suggest that testosterone may increase muscular mass by increasing
muscular protein synthesis.

Haematopoietic system and fibrinolysis

When administered to normal or hypogonadal men, androgens
increase the haematocrit (erythrocyte volume fraction). Thus, in
populations in which anaemia is prevalent, androgens could be benefi-
cial; however, this does not imply that anaemia should be treated with
androgens. In some men, androgen treatment may increase the
haematocrit above the normal range. However, increases in the
haematocrit to polycythaemiclevels requiring withdrawal of androgen
treatment are very uncommon, and are usually seen in patients with
predilection to increased red cell mass, (e.g., obstructive airway dis-
ease, sleep apnoea). Testosterone therapy in either hypogonadal or
eugonadal men should be monitored by periodic blood counts. The 17-
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alpha-alkylated androgens are associated also with alterations inblood
coagulation components leading to increased fibrinolysis. Data on the
clinical effects of enhanced fibrinolysis in normal and hypogonadal
men given androgens are lacking. Preliminary evidence suggests that
low testosterone levels are associated with low fibrinolytic activity and
increased risk of thrombosis.

Liver disease

The testosterone esters usually do not produce adverse effectsin the
liver. However, 17-alpha-alkylated androgens may impair liver func-
tion as manifested by elevations of serum alkaline phosphatase, conju-
gated bilirubin, and bromosulphathalein retention. Some oral 17-
alpha-alkylated androgens havebeenreported to cause peliosis hepatis
(blood filled lacunae in the liver) and hepatoma. This condition is more
common in patients with aplastic anaemia.

Sleep-related breathing disorders

In men with hypogonadism, androgen replacement therapy may
cause disorders of breathing during sleep and sleep apnoea. The
ventilating responses to hypoxia and/or hypercapnoea are impaired.
The administration of testosterone to non-obese, healthy men is not
associated with sleep apnoea. The use of androgens in those prone to
the development of sleep apnoea, such as obese men, elderly men, and
patients with chronic obstructive airway disease, must be carefully
assessed.

Skin

Excessive oiliness of the skin and the development of acne are
commonly associated with androgen therapy. These changes usually
either require no treatment or only simple measures (e.g.,avoidance of
exposure to the sun and regular washing with astringent soap). A few
normal subjects have been reported to develop severe acne following
pharmacological doses of androgens. The administration of a
testosterone preparation that results in more physiological levels of
circulating androgens may minimize this side-effect.
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Weight gain

The administration of androgens to hypogonadal men leads to an
increase in lean body mass, decrease in body fat, retention of sodium
and water, and weight gain. In eugonadal men, the administration of
androgens leads to weight gain of usually less than 5 % of their initial
weight. The weight gain is due to increases in blood volume and lean
body mass.

Testis size

Because of the negative feedback action on the hypothalamic-
pituitary-testicular axis, the administration of androgens suppresses
the secretion of gonadotrophins, decreases endogenous testosterone
production, suppresses spermatogenesis, and decreases testis size.
These changes are completely reversible on drug withdrawal, even
after prolonged testosterone administration.



3. RECOMMENDATIONS FOR SELECTION
AND SURVEILLANCE OF HYPOGONADAL MEN
AND NORMAL MALE VOLUNTEERS FOR
TRIALS INVOLVING THE USE OF
ANDROGEN PREPARATIONS

The main indication for androgen treatment is the need for andro-
gen.substitution therapy in hypogonadal men. Androgens have also
been used on a limited scale for the treatment of micropenisin children,
fer the induction of secondary sexual development in delayed puberty,
and for reducing predicted excessively tall stature in boys. Because of
their anabolic effects, androgens have been used as a supportive
treatment of debilitative and cachectic states, including cancer. Andro-
gens are being studied as a possible replacement therapy to increase
bone and muscular mass and decrease frailty in elderly men who have
evidence of androgen deficiency. In addition to erythropoietin, andro-
gens are being used in the treatment of aplastic or renal anaemia.
Androgens are an essential component of experimental hormonal
methods for male contraception. For this purpose they are given either
alone or in combination with other gonadotrophin-suppressing agents,
such as gestagens or GnRH analogues.

The Special Programme of Research, Development and Research
Training in Human Reproduction, as well as other national and
international agencies, is conducting research on male contraception
with drugs containing androgens. More recently the Programme has
started to test a new long-acting testosterone preparation for the
treatment of male hypogonadism which may also be used for male
contraception. Since these studies are conducted in centres throughout
the world, the recommendations in these Guidelines should help to
standardize recruitment and surveillance of study subjects.

Clinical trials for treatment of male hypogonadism

The major criterion for admitting patients to these trials is the
diagnosis of hypogonadism. It should be noted that in the early phases
of clinical testing of new androgen preparations, apart from
hypogonadism, the subjects should not have any other serious acute or
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chronic diseases. In early phases it is also useful to select patients with
primary hypogonadism in particular, since in these cases serum LH
and FSH levels may serve as pharmacodynamic parameters.

The criteria and investigations outlined in the following reflect
state-of-the art procedures in clinical endocrinology. They should be
sufficient for the assessment of the risks and benefits of the androgen
preparation under investigation. However, specialized centres may
address additional issues according to their expertise and facilities.

Mandatory tests
The following tests and records would be mandatory:

—physical examination, including body height and weight, testicular
volume (by orchiometer), liver and prostate size (by palpation), as well
as blood pressure, heart rate and occurrence of acne or gynaecomastia;
—serum or plasma hormonal values, including serum immunoreactive
LH and FSH, and testosterone;

—routine clinical chemistry (urea, creatinine, electro]ytes and fasting
cholesterol and triglycerides), liver function tests (bilirubin, alkaline
phosphatase, ALT, AST, gamma GPT, albumin), haematological pa-
rameters (haemoglobin, erythrocytes, leucocytes, platelets, and
haematocrit), and urinalysis (protein, sugar, and Microscopy);
—record of sexual function (frequency of erections, ejaculation, and
intercourse).

Optional tests
Some additional, optional tests are:

—serum free testosterone, dihydrotestosterone, estradiol, sex hor-
mone binding globulin, bioactive FSH and LH;

—complete lipid profile (under fasting conditions);

—measurement of testes volume by ultrasonography;

—assessment of prostate status by transrectal ultrasonography, urine
flow, and prostate-specific antigen measurements;

—quantitative bone density measurements;
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—Ilean body mass/body fat measurements;
—psychological tests for mood and behaviour (e.g., aggression);

Special precautions for trials in elderly hypogonadal men

In clinical trials investigating the effects of testosterone therapy in
older men with decreased serum testosterone levels, additional selec-
tion criteria and monitoring tests are required.

The additional selection criteria are:

—no history of coronary heart disease, myocardial infarction, heart
failure, diabetes mellitus, liver or renal disease, and hypertension;
—no history of any sleep related breathing disorder;

—haematocrit not exceeding 50%;

-——body weight not exceeding 20% of upper normal range;

—lipid profile within the normal age-adjusted range;

—no symptoms of prostatic disease, no prostate abnormalities as
determined by rectal examination (and ultrasonography, if available),
normal urine flow, normal serum levels of prostate-specific antigen.

During treatment the following additional tests would need to be
performed at regular intervals (e.g., every three months):

—lipid profile, prostate examination by rectal palpation (and
ultrasonography, if available), urine flow measurement, and serum
prostate-specific antigen levels.
Clinical trials for male contraception involving normal men
Criteria for selection

In general, healthy men, between 18 and 50 years of age, with
normal semen parameters should be recruited for such trials according

to the following criteria:

—men should be capable of understanding the purpose of the study and
of giving informed consent, preferably in writing, and they should be
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able and willing to keep all appointments for the entire study period;
—men should be in good general health as confirmed by a physical
examination, medical history, clinical laboratory tests of blood and
urine, as well as normal semen parameters according to the criteria
outlined in the third edition of the WHO Laboratory Manual for the
Examination of Human Semen and Sperm-cervical Mucus Interaction
(see the reference list for details). '

The laboratory tests should be performed at least twice within 2-4
weeks. The physical examination should include body height and
weight, testes size (by orchiometer), prostate size, secondary sex
characteristics such as voice, hair distribution and beard growth,
breast enlargement and tenderness, and presence of acne.

Criteria for exclusion
Men should be excluded from the study if they have:

—a history of acute or chronic cardiac, pulmonary, renal, hepatic or

prostatic disease, in particular, obstructing or malignant diseases of
the prostate;

— a history of alcohol and/or drug abuse or dependence on chronic
medication; .

—a serious systemic disease such as diabetes mellitus, hypertension,
obesity or malnutrition;

—abnormalities in semen analysis (normal values as defined in the
WHO Manual 1992);

—abnormalities in blood count, blood chemistry, and/or urinalysis.
Monitoring during treatment and follow-up

Certain clinical examinations and tests will need to be performed at
regularintervals. The frequency of these tests will depend to a large ex-
tentonthedesignand purpose ofthe study. For example,anearly Phase-
Istudywillrequiremorefrequentinvestigationsthan a Phase-IIIstudy.

In the recovery phase (i.e., after the withdrawal of the treatment
drug), testing should be continued on a regular basis until all param-
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eters have returned to the pretreatment level or into their respéctive
normal range. For semen parameters this may take up to six months,
and in individual cases up to a year.

The investigations recommended include both mandatory as well as
optional tests. The latter would be appropnate for centres with special
interests and facilities.

Mandatory tests
The following tests and records would be mandatory:

—physical examination, including body weight, liver and prostate size
by palpation, testes volume by orchiometer, as well as blood pressure,
heart rate and occurrence of acne;

—hormonalvaluesincluding serum immunoreactive LH and FSH, and
testosterone;

—semen analysis according to the WHO Laboratory Manual for the
Examination of Human Semen and Sperm-cervical Mucus Interaction
(see the reference list for details);

—routine clinical chemistry (urea, creatinine, electrolytes, and fasting
cholesterol and triglycerides), liver function tests (bilirubin, alkaline
phosphatase, ALT, AST, gamma GPT, albumin), haematological pa-
rameters (haemoglobin, erythrocytes, leucocytes, platelets, and
haematocrit), and urinalysis (protein, sugar, and microscopy);
—record of sexual function (sexual desire and frequency of erections,
ejaculations, and intercourse).

Optional tests
Some additional, optional tests are:

—sperm function tests, such as motility parameters, zona-free hamster
oocyte penetration test, hyperosmotic swelling test and human zona
binding test;

—serum free testosterone, dihydrotestosterone, estradiol, sex hor-
mone binding globulin, bioactive LH and FSH;

—complete lipid profile (under fasting conditions);
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—measurement of testes volume by ultrasonography;

—assessment of the prostate by transrectal ultrasonography, urine
flow, and prostate-specific antigen measurements;

—quantitative bone density measurements;

—lean body mass/body fat measurements;

—psychological tests for mood and behaviour (e.g., aggression).
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17



18 GUIDELINES FOR ANDROGEN USE

Program Chairmen:
Dr. Richard J. Santen
Dr. Ronald S. Swerdloff

Organizing Committee:
Dr. Gabriel Bialy
Dr. Donald S. Coffey
Dr. Jean Fourcroy
Dr. Gary Hodgen
Dr. Eberhard Nieschlag
Dr. Dolores Patanelli
Dr. Donald Tindall
Dr. Geoffrey Waites
Dr. Jean Wilson

Session Chairmen.:
Dr. Jean Wilson
Dr. John Isaacs
Dr. Christina Wang
Dr. John Bancroft
Dr. Eberhard Nieschlag
Dr. Richard J. Santen
Dr. David Handelsman
Dr. Ronald S. Swerdloff
Dr. C. Wayne Bardin

Sponsorship:
Penn State College of Medicine and University Hospital Depart-
ment of Continuing Education
World Health Organization (WHO) Task Force on the Regulation of
Male Fertility
Contraceptive Research and Development Program (CONRAD)
Food and Drug Administration
Contraceptive Development Branch, National Institute of Child
Health and Human Development



INTRODUCTION

The Workshop Conference on Androgen Therapy: Biologic and
Clinical Consequences, arose from the need to address several impor-
tant questions regarding the use of androgens in hypogonadal men and
in normal men on various contraceptive regimens. Pooling of data and
discussion by a panel of experts was considered to provide the best
means to identify what is known and what requires further study.
Uponidentification of the need for such a conference, the World Health
Organization, Food and Drug Administration, National Institutes of
Health, and the Contraceptive Research and Development Program
(CONRAD) agreed to sponsor the meeting. Additional support was
provided by a number of pharmaceutical companies and other groups.
The goals of the Workshop meeting were to attempt to reach a
consensus regarding a wide range of questions regarding androgen
physiology and therapy. This report, prepared by the Chairmen of the
individual sessions, summarizes the datapresented at the meeting and
the pertinent discussion by the participants. A panel including Drs.
John Isaacs, Christina Wang, John Bancroft, Eberhard Nieschlag,
Richard J. Santen, David Handelsman, Geoffrey Waites and Ronald
Swerdloff met to discuss these reports. The final document was then
reviewed by the Program Chairmen, members of the Organizing
Committee, and Session Chairmen.
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SESSION 1. '
RECENT ADVANCES IN ANDROGEN PHYSIOLOGY

Inhis plenary address, Dr. Jean D. Wilson indicated that the genes
of the three major proteins in androgen physiology have been cloned
over the pasttwo years. These accomplishmentsinclude isolation of the
cDNAs for the androgen receptor, the 5-reductase enzyme, and the
aromatase enzyme. Thus, new tools are available for the analysis of
unresolved problems in androgen physiology. The 5-reductase enzyme
eluded purification for many years because of its extensive
hydrophobicity. The current availability of its cDNA allowed identifi-
cation of only one 5-reductase enzyme in the rat, and probably also in
the human (although the evidence in this species is less clear). Andro-
gens positively regulate 5-reductase activity, but other regulators are
as yet unknown. Aromatase enzymes from ovary, placenta, and extra
glandular sites are products of the same gene and are identical. The
androgen receptor gene is also cloned and is being fully characterized.

In-depth studies of androgen mediated events on a molecular level
arerequired to furtherunderstand the complexity of androgen metabo-
lism. Several examples of this complexity can beillustrated: testosterone
undergoes metabolism to dihydrotestosterone via the enzyme 5-
reductase as a means of amplification of androgenic potency. Many
tissues, such as the prostate, require this step for mediation of andro-
genic effects. Other tissues, such as the Wolffian ducts of the embryonic
male, respond to testosterone itself. The mechanistic basis for differen-
tial responsiveness to testosterone versus dihydrotestosterone should
be amenable to study now that appropriate molecular tools are avail-
able. Another complexity is the enhancement of hormone action in
certain tissues by the conversion of testosterone to estradiol via the
enzyme aromatase. This mechanism of androgen action is important in
sexual differentiation of the brain in various species. While important
for the regulation ofgonadotropin secretion as well, the role of aromatase
as a mediator of androgen effect in other biologic processes remains to
be established. Finally, testosterone and estradiol interact in a complex
fashion. In certain tissues, estradiol increases the level of androgen
receptor and potentiates androgen actions (synergistic action), whereas
in the mouse mammary gland, testosterone is antagonistic to the
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effects of estradiol. In human MCF7 cells, androgens can also act
~ through the estrogen receptor to block the effect of estrogens on
progesterone receptor synthesis (antagonistic effect).

Several key events in embryonic development are mediated by
androgenic processes whose mechanismsrequire additional study. The
abrupt onset of testosterone synthesis over a period of twelve hours in
thefetal rabbit testis is an intriguing, but mechanistically unexplained
phenomenon. The differential responsivity of certain embryonic tis-
sues to dihydrotestosterone and their adult tissue analogues to
testosterone could reflect different androgen receptors. Techniques
such as gradient sedimentation, binding affinity and temperature
stability suggest thatthe same receptoris presentin the fetalurogenital
tubercle and adult genital skin. The availability of molecular tools will
allow further scrutiny of receptors in these tissues. Regulation of
growth by androgens is another area of major interest. The limitation
of growth responses to androgens differs among tissues. The rat penis
terminates its growth at a finite time in association with a decrease in
concentration of androgen receptor. In contrast, the prostate of certain
species can undergo unlimited growth. No time-related reduction in
androgen receptor occurs in this tissue. The reason for these differ-
ences between prostate and penis are largely unknown. Nonetheless,
the physiologic differences allow use of 5-reductase inhibitors to
specifically reduce prostatic size without producing global reductions
of androgenic effects on all tissues.

An important question raised by the widespread use of anabolic
steroids is whether supraphysiologic doses of androgens induce bio-
logic effects. Controlled studies do not provide clear information on this
point. One patient with androgen resistance studied in Dr. Wilson’s
laboratory, however, did respond to large doses of androgen. Of interest
was the observation that the androgen receptor of this patient exhib-
ited rapid off-time kinetics of androgen binding. This phenomenon may
have explained the response to large doses of androgen. Dr. Wilson
suggested that pharmacologic androgen doses could potentially exert
effects on tissues by mechanisms not mediated by the androgen
receptor, such as anti-glucocorticoid or anti-estrogenic actions.
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The presentations of Doctors S. Liao, Elizabeth Wilson, James
Griffin and A. Grootegoed provided specific information regarding the
molecular biology and physiology of the androgen receptor. The andro-
gen receptor is a typical member of the thyroid/steroid family of
receptors, with three characteristic domains: DNA binding, hormone
binding and N-terminal domains. Rat and human androgen receptors
are remarkably homologous. Eight coding exons, a feature preserved
in many steroid hormonal receptors are present. Approximately ten
mutant, human androgen receptors are now sequenced in five labora-
tories (Liao, Wilson, Griffin, Grootegoed, Terry Brown) as well as the
mutation in the tfm rat. All mutations sequenced to date are different
and include: point mutations in the androgen binding domain, prema-
ture stop codons, a point mutation in the splice junction, deletion of
exons, and deletion of entire genes. Polyclonal and monoclonal antibod-
ies have been made to fusion proteins and deduced sequences. These
have been used to show that receptors localize predominately in nuclei
both in the presence and absence of hormone. The major effect of
androgen on receptor levels is to stabilize the receptor, not alteritsrate
of transcription. Site directed mutagenesis has been used to produce
altered receptors. Asin other steroid hormone receptors, deletion of the
hormone binding domain causes constituative activation of the receptor.
The hinge region between the DNA binding and the hormone binding
domainsis essential for nuclearlocalization of receptor. Phosphorylation
may be critical to receptor function.

Dr. Olli Janne discussed the genetics of androgen resistance. He
concluded that the androgen-induced phenotype is the sum of expres-
sion of multiple androgen regulated genes. Each of these is under
genetic control and each has its own dose response curve. The most
reasonable model for selective testosterone and DHT effects, is to
assume that testosterone responsive genes are more sensitive to
androgens.

Dr. Donald Tindall presented data regarding the tfm mouse. He
demonstrated that the androgen receptor and the androgen receptor
mRNA in this model are both small in size. The mutation appears to
cause aframe shift and then a premature termination codon prior to the
DNA binding domain. Dr. Tindall speculated that there may be a
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second start site in the gene which results in a truncated receptor.

Dr. Richard Horton then outlined current concepts regarding
androgen metabolism and delivery totarget tissues. Dihydrotestosterone
formation in the body is greater than can be explained by the blood
production. This discrepancy is largely accounted for by the formation
ofthe DHT metabolite, androstanediol glucuronide, so that under some
conditions measurement of this metabolite provides a superior index of
the overall rates of 5-reduction.

Inthe discussion following this presentation, the question whether
dihydro-testosterone is solely a paracrine factor, or whether under
physiologic conditions it may also serve as a true hormone, was
considered. There is no question that DHT can be active
pharmacologically, and in rare instances the circulating hormone may
be active in physiologic concentrations. Prostatic growth in the Aus-
tralian phalanger (trichosurus vulpecula) and the growth of some
transplantable prostate tumors that are deficient in 5-reductase, were
cited asexamples. However, thereis no clear-cut.evidence of a physiologic
role of DHT as a circulating as opposed to a tissue synthesized, locally
acting regulatory signal.



SESSION II.
PROSTATIC CANCER AND BENIGN
PROSTATIC HYPERPLASIA

Certain facts are established regarding prostatic hyperplasia and
cancer. More than 80% of men will develop an enlarged prostate if they
live to the 7th decade of life. The probability of requiring surgical
intervention for BPH is approximately 25% if a man lives to 80 years
of age. Prostatic cancer is the most commonly diagnosed neoplasm in
the U.S. male with 100,000 new cases diagnosed per year. Benign
prostatic hyperplasia develops in the periurethral portion of the
prostate, while prostatic cancer develops in the periphery. These two
disorders do not appear to be causally related, but are highly associated
statistically. This association is believed to be due to the fact that in
both diseases, the probability of occurrence is age related.

Prostatic cancer is the result of a multistep process which can be
divided into two stages: a histologic stage (i.e. pre-clinical) and a
clinical stage. The prevalence of histologic prostatic cancer increases
rapidly with increasing age, reaching approximately 50% by the
seventh decade oflife. This age related increase in histological prostatic
cancer occurs with an equal frequency throughout the world. The
progression of histological prostate cancer to clinical prostatic cancer
involves further malignant steps which occurin only a small proportion
of the men with histological cancer. There are ten million men in the
United States with histological prostate cancer, but only 100,000 of
these progress to become clinically diagnosed per year. Progression
from histological to clinical cancer occurs at a widely differing fre-
quency in males of different geographic locations. More than a ten-fold
difference occurs between the prevalence rate for clinical prostatic
cancer between Japanese and American males. In contrast, histologi-
cal prostatic cancer is equally prevalent in these two geographic male
populations. Migrant studies suggest that this difference in the rate of
progression of histological to clinical prostate cancer observed for
different racial groupsis associated with environmental factors as well
as genetic factors. Definitive familial aggregations of clinical prostatic
cancer exist within the United States. Whether this is due to a genetic
predisposition to clinical prostate cancer or common environmental
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exposure is not known.

Anormallevel ofandrogenisrequired at least through puberty and
possibly up to the age of 35-40 years in order for either benign prostatic
hyperplasia or clinical prostate cancer to develop later in life. Among
patients with either BPH or prostatic cancer, there is no consistent
elevation of serum testosterone as compared to aging men without
these disorders. Data do exist to suggest that men with BPH have a
higher than normal production rate of dihydrotestosterone.

Androgens can stimulate the rate of cell proliferation as well as
inhibit potentially high rates of death of normal prostatic epithelial
cells. Cells in prostatic cancers and within BPH tissue retain these
responses to androgens, at least during some segments of their natural
history. Epithelial cells appear to be more dependent than stromal cells
on androgens.

Besides human beings, the only other known species that sponta-
neously develops prostate cancer and BPH with high frequency is the
dog. It has been exceedingly difficult to induce experimental benign
prostatic hyperplasia in a variety of other animal species. Chronic
treatment with exogenous androgen plus estrogen produces BPH in
nearly 100% of dogs treated over a three month period. Pharmacological-
ly high serum androgenlevels,however, are required. When exogenous
androgen is given alone, even at a pharmacologic high level, without
exogenous estrogen, only a modest increase above normal in the size of
the dog prostate occurs. The androgen/estrogen synergism in the
induction of BPH in the young dog has not been observed in the other
species tested to date, including mouse, rat, baboon, and macaques.

With respect to prostatic cancer, only a few inbred strains of rats
have ahigh propensity for spontaneously developing histologic prostatic
cancer. For example, the ACI malerat spontaneously develops histologi-
cal prostatic cancer in approximately 50-70% of the animals by two
years of life. Less than 5% of these histological cancers progress to a
clinical stage, even if the rats lived more than three years. If 2-year old
ACI animals are treated with exogenous, pharmacologic amounts of
androgen, no progression from histological to clinically manifest
prostatic cancer is induced.



26 GUIDELINES FOR ANDROGEN USE

Animal models have been used to study the possibility that andro-
gens may induce carcinogenesis, Attempts toinduce prostatic cancerin
a variety of rodents (i.e. mice, rats, hamsters, etc.) by means of
exogenous treatment with androgen and/or estrogen, alone and in
combination with carcinogens, have been predominantly unsuccessful.
The only exception to date is the induction of cancer in the Noble and
Lobund-Wistar rats. These two strains are known to be genetically
highly susceptible to carcinogenesis in a variety of their organ systems
(i.e. lung, liver, colon, kidney, blood cells). If such genetically suscep-
tible strains are chronically treated with exogenous testosterone to
elevate the serum testosterone level for extended periods of time (i.e.
over one year), a modest level of prostatic cancer development is
obtained. If Lobund-Wistar animals are given the powerful chemical
carcinogen, N-methyl-nitrosourea followed by chronic treatment with
exogenous testosterone to elevate the serum testosterone level, such
animals develop clinically invasive, metastatic prostatic cancers in
greater than 70% of the animals within a year. If such Lobund-Wistar
rats are given NMU followed by chronic treatment with exogenous
dihydrotestosterone, such animals do not develop invasive metastatic
prostate cancer. In this Lobund-Wistar model, testosterone has been
suggestedto act asa promoterinthe process of prostatic carcinogenesis.
This is the only model presently reported where testosterone has been
suggested to have such abilities.

Dr. Bruchovsky presented data suggesting that the Vmax of the
enzyme 5-reductase is 6-15 times higher in the stroma than in the
epithelium of benign prostatic hyperplasia tissues. The Km of the
enzyme is also'higher in stroma and correlates inversely with the level
of DHT concentrations. Regardless of the alterations in enzyme activ-
ity, the DHT concentrations are similar in these two tissues. These
data suggest that the stroma probably synthesizes dihydrotestosterone
but differential production of DHT in stroma vs. epithelial tissue is not
as yet established. Comments in the discussion centered around the
measurement of Km and Vmaxin such tissues and potential artifactual
influences on these measurements. It was suggested that differences
observed among tissues probably do not reflect differences in the 5-
reductase enzyme itself, but perhaps in certain factors regulatmg
enzyme activity.
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Dr. Gellerreviewed dataregarding elevated DHT concentrationsin
benign prostatichyperplasia when compared to normal prostate tissue.
Early studies suggesting higher DHT levels in BPH represented an
artifact. Normal tissues were obtained at autopsy whereas freshly
excised tissue was used for measurements in BPH. Metabolism of DHT
occurred in autopsy specimens resulting in artifactually low values in
normal tissues. In later studies, Vihko et al. corrected for this artifact
and still demonstrated higher DHT levels in BPH tissue thanin normal
prostates. In Dr. Geller’s opinion, DHT levels might, in fact, be higher
in BPH than in normal tissues and further study of this controversial
point is necessary.

- Dr. Gellerreviewed hisinitial datautilizing the 5-reductase inhibitor,
MK-906 (finasteride). DHT levels in BPH tissue fell from 4 ng/gm to 0.5
ng/gm in response to 50-100 mg doses. Current studies utilize 1 and 5
mg doses and induce a maximum of a 30% decrease in prostatic size in
treated subjects vs. a maximum of 5% decrease in prostatic volume in
patients receiving placebo. He noted that the drug to date produces
negligible side effects. -

Drs. El Etreby and Ursula Habenicht presented a hypothesis that
both estrogens and androgens are important for benign prostatic
hyperplasia. Early data with the aromatase inhibitor, altemestane in
monkeys given androstenedione is supportive of their hypothesis. Dr.
Fritz Schroder reviewed demographic data regarding prostate cancer.
Clinically evident prostate cancerisrarein Chinese and Japanese men
compared to Europeans. The reasons for this difference are complex
and insufficiently investigated. Incontrast, the age-correlated incidence
of preclinical focal A, lesions is-identical between Causasian and
oriental men. Whatever the factors are that lead to the 10-15 fold
differences in incidence of clinical cancer between these populations,
these appear to be active at the level of promotion but not initiation. At
the present time, no data are available to explain these differences
among populations.

A number of epidemiological leads have been identified from cohort
and case-control studies of prostate cancer. The evidence regarding
environmental factors is inconclusive. The level of fat ingestion is the
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major dietary factor which was identified in relevant case-control
studies as a significant risk factor for prostatic cancer. Ingestion of
animal-related fat and fat from milk products inJapanis 5 times lower
than in Western countries. Diet may also be related to differences in
levels of plasma testosterone, estradiol and SHBG which were recently
foundin alarge case-control study comparing men with prostate cancer
and BPH to hospital-based age-matched controls in Japan and in The
Netherlands. Average plasma testosterone values in 368 Dutch men
were 22.0 * 0.45 nM/l compared to 19.5 ¢ 0.59 in Japanese men
(p<.001). These differences were not changed by correction for age but
serum levels did depend significantly on body weight. It is important
to note, however, that the levels of testosterone in Japanese men with
prostate cancer did not differ significantly from the levels in normal
Japanese men.

Whether these hormonal differences are in some way related to the
more frequent promotion of focal lesions to clinical prostatic cancer in
Western males and whether these differences are related to genetic
determination, physical constitution, diet or other causes can only be
subject to speculation. The possibility that promotion or suppression of
promotion is related to higher or lower circulating testosterone levels
cannot be excluded. Taken together, these data suggest that diet is the
most convincingly shown risk factor for prostatic cancer. A vegetarian
diet which is rich in plant fibers and soy, and void of milk products
might then be protective. Extensive comparisons of the Dutch with the
Japanese populations have not demonstrated major hormonal
differences between patients with and without prostate cancer. More
specifically, androgen levels were identical in Japanese men with and
without prostatic cancer. These data suggest that other unknown risk
factors play a role together with genetic determinates of unknown
nature.



SESSION III.
PHARMACOLOGICAL EFFECTS OF ANDROGENS
ON NON-REPRODUCTIVE ORGANS |

Drs. Hazzard, Goldberg and Thompson reviewed the effects of
androgens onlipids and cardiovascular disorders. Dr. Hazzard indicated
that mortality due to cardiovascular disease is higher in men than in
premenopausal females (risk about 5-6 times higher). Men have lower
HDL-cholesterol and higher LDL/HDL cholesterol ratios than women,
especially premenopausal. The oral 17-alkylated androgen, stanozolol,
given to postmenopausal females led to about a 50% decrease in HDL-
cholesterol and 20% increase in LDL. The decrease in HDL was mainly
duetodecreases in HDL2 but HDL3 also declined. These were associated
with increases in hepatic triglyceride lipase and HDL apolipoprotein
Al and AlI turnover and catabolism. Oral estrogens, in contrast,
increase HDL-cholesterol, decrease LDL-cholesterol and delay
catabolism of HDL.

Dr. Goldberg presented data in men receiving GnRH agonist
treatment to lower testosterone and estradiol. GnRH agonist therapy
was associated with increases in total, LDL and HDL-cholesterol, as
well as apoproteins B and Al. When the agonists were given together
with testosterone, there were no changes in total cholesterol but a
slight decrease in HDL-cholesterol and apolipoprotein AI. The increase
in testosterone in the combined GnRH agonist and testosterone
treatment group is associated with increases in hepatic triglyceride
lipase which may be responsible for the lower HDL levels.

Dr. Thompson studied the effects of stanozolol (6 mg/day) and
testosterone enanthate (200 mg/wk) onlipid profile in weight-lifters for
6 weeks. Stanozolol decreased HDL-cholesterol, HDL2 cholesterol and
apoprotein Al and AIl and increased LDL-cholesterol, apo-B, hepatic
triglyceride lipase and lipoprotein lipase. In contrast, testosterone
enanthate had little effect on lipid profile. Dr. Plymate suggested that
differences between testosterone and stanozolol were due to the ability
of testosterone but not stanozolol to be aromatized to estradiol. He
studied this by giving testosterone enanthate and testosterone
enanthate together with testolactone (an aromatase inhibitor). While
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testosterone enanthate had little effect on HDL levels, testosterone
enanthate, together with testolactone, caused decreased HDL-
cholesterol. These data suggest that estradiol, the aromatized product
of testosterone, opposes at least partly the direct effects of testosterone
on lipid metabolism.

Anabolic androgens given to athletes or weight-lifters have been
suggested to increase left ventricular size and decrease diastolic
function (ventricular relaxation time and rapid ventricular falling).
These observations are anecdotal and not yet confirmed by careful
case-controlled studies. Some informed cardiologists, however, believe
that such effects are likely to be substantiated.

The conclusions from the studies of Hazzard, Goldberg, Thompson,
and Plymate are that 17-alkylated androgens exert major effects on
lipid metabolism while testosterone esters such as enanthate have
minimal effects. The decrease in HDL-cholesterol may be due to
increases in hepatic triglyceride lipase which increases the catabolism
of HDL. The absence of significant effects of testosterone enanthate on
HDL may be due to the conversion of testosterone to estradiol and the
subsequent effects of estrogens opposing those of androgens on lipid
levels. Changes in lipid levels, particularly with anabolic steroids, are
of a magnitude which raise concern about accelerated risk of
cardiovascular disease and may support the published but anecdotal
reports of early coronary artery disease in athletes receiving anabolic
steroids. More detailed studies are required to define the effect of
androgens on cardiac function and on coronary artery disease. As
described below, other factors such as activation of fibrinolytic activity.
have to be considered together with the documented alterationsin lipid
levels.

Dr. Wang reviewed the effects of androgens on hematopoiesis and
fibrinolysis. Androgens, in particular, androgenic and anabolic steroids
(eg., testosterone, 5DHT, 19-nor-testosterone and 17-alkylated
androstanes) stimulate erythropoiesis mainly through their action on
erythropoietin production by the kidney. Testosterone and 5 metabolites
of testosterone also directly stimulate the multipotent stem cells
(including colony-forming units of granulocyte and erythrocytes) and
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erythroid progenitors. This action may not be mediated via the classical
androgen receptor. Androgens have been used to stimulate bone
marrow hematopoiesis in patients with aplastic anemia, myelofibrosis
and myelodysplastic syndromes with variable results. In normal men
given testosterone or 19-nortestosterone for suppression of
spermatogenesis, these androgens caused small but significant increases
in total erythrocyte count, hematocrit, hemoglobin, and MCV.

Dr.Wangconcluded that androgens given to normal or hypogonadal
men rarely cause increases in hematocrit to the polycythemic level
requiring withdrawal of androgen therapy. However, in a group of
patients prone to develop polycyt-hemia; eg., patients with chronic
obstructive airway disease or sleep apnea, androgens may cause rises
in hematocrit to the polycythemic range.

In experimental animals, anabolic steroids cause an increase in
fibrinolysis and antithrombinIII(AT-III)levels. Both processes decrease
the risk of thromboembolism. In normal men, stanczolol increased
plasminogen activator activity, plasminogen, and protein C, suggesting
an increase in fibrinolysis. Danazol and stanozolol have been
administered to men with hemophilia. Although they led to marginal
increases in clotting factors, these were of little hemostatic value.
Moreover, because of the associated increases in plasminogen, protein
C and antithrombin III, there were increases in bleeding episodes in
these patients suggesting that these 17-alkylated steroids stimulated
fibrinolysis and increased anticoagulant effect. In a single study of
hypogonadal men (n=17), fibrinolytic activity of blood was lower than
in normal controls (n=45). There was also evidence that testosterone
was negatively correlated with ,-antiplasmin and factor VII, suggesting
that low testosterone levels were associated with increased risk of
thrombosis. These clotting factors were also positively related to total
and LDL-cholesterol.

The datafrom these smalland isolated reports suggest that anabolic
steroids increase fibrinolytic activity and AT-III (a natural
anticoagulant). The action of testosterone or its esters on fibrinolysis
have tobe further studied in groups of normal men giventhese steroids.
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Dr. Bajaj reviewed the effects of androgens on carbohydrate
metabolism. Earlier studiesin normalmengiven testosterone enanthate,
suggest that androgens had no effect on glucose tolerance. Dr. Bajaj
reported that when testosterone enanthate, 250 mg, was administered
twice/week for 16 weeks, there was no change in glucose tolerance but
there were significant increases in insulin from 30-120 minutes after
glucose challenge. Studies from Dr. Plymate’s group showed that
testosterone enanthate or 19 nor-testosterone (100 or 300 ng every
week), given to normal men were not associated with changes in
glucose tolerance or hyperinsulinemia. In a more recent study where
the effects of androgens on carbohydrate metabolism were examined by
anIVglucose tolerance test coupled with a tolbutamide test (Bergmann
Minimal Model), no significant changes in glucose utilization were
demonstrated. There remained a debate whether the glucose tolerance
test, the Bergmann’s test or the glucose clamp would be the best means
to investigate changes in glucose utilization and insulin responses.
Some participants believe that carefully designed studies using a
glucose clamp technique may be warranted to define whether hyper-
insulinemia occurs in men given androgens for replacement or for
contraception. This is important because of the recent suggestions that
hyperinsulinemia may be anindependent risk factor for atherosclerosis.

Dr. White reviewed studies relating to the effects of androgens on
respiratory parameters. The incidence of sleep apnea is approximately
7 times more common in men than in women. Earlier studies reported
the occurrences of disorders of breathing during sleep in men given
testosterone enanthate therapy. The action of androgens may be on the
control of breathingorontheupperairway. Dr. Matsumoto demonstrated
that in hypogonadal men given testosterone, there was a decrease in
theventilatory response tohypoxiabut not tohypercapnea. In contrast,
White showed an increase in the hypoxic ventilatory response without
any change in the hypercapneic ventilatory response in hypogonadal
men given androgen replacement. Studies on upper airway resistance
and airway area showed that testosterone had little effect on these
parameters, yet two of the hypogonadal men in the study developed
sleep-related disordered breathing during testosterone treatment.
Matsumoto reported that in on-going studies in orchiectomized infant
monkeys, administration of testosterone led to decreases in the
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hypercapneic ventilatory response, whereas the data on the hypoxic
ventilatory response are not presently available. An overview of these
data lead to several conclusions. Testosterone administration can
precipitate or aggravate sleep-related breathing disorders. The
ventilatory response after testosterone administrationishighly variable
and the mode of testosterone action is not fully understood. Subjects
predisposed to sleep apnea (eg., obese men, elderly men, patients with
chronic obstructive pulmonary disease) should be carefully questioned
for sleep-related breathing disorders (i.e., heavy snoring, daytime
somnolence, etc.) whenever testosterone administration is considered.

The issue of bone density and bone mass maintenance in androgens
was discussed by Dr. Finkelstein. Hypogonadism in the male is a major
risk factor for the development of osteoporosis. In men with
hypogonadism associated with hyperpro-lactinemia, the initially low
cortical bone density increased after testicular function was restored to
normal. Studies in patients with isolated GnRH deficiency showed that
both cortical and trabecular densities were decreased when compared
with normal controls. Treatment with androgen replace-ment led to
increases in cortical bone density. Trabecular bone density was only
increased in the group of subjects who had open epiphyses. However,
bone density did not return to normal levels after about 2 years of
androgen replacement. Bone biopsies showed that most of the 5
subjects studied had low bone turnover although some had normal to
high bone turnover. In another study in orchiectomized men, a
progressive loss of trabecular bone density with time was observed.
Recent studies in men with the androgen insensitivity syndrome
showed that cortical bone density in these subjects was similar to age-
matched females butlower than in males. Trabecular bone density was
lower when compared with both normal females and males.

These data showed that hypogonadism is associated with a
progressive decrease in bone density. Bone density increases after
gonadal steroid replacement especially in men who are skeletally
immature. It is not known whether a longer duration of androgen
replacement in hypogonadal men will eventually restore normal bone
density and mass. It may be that inadequate bone development and
formation at a critical stage of development (eg., puberty) may be so



34 GUIDELINES FOR ANDROGEN USE

impaired in hypogonadal men that subsequent therapy with androgen
replacement may not be sufficient to restore normal bone mass. The
effects of androgen administration on the bone mass of normal men
have not been studied.



SESSION 1V.
EFFECT OF ANDROGENS ON THE
CENTRAL NERVOUS SYSTEM

Dr.Julian Davidson discussed theissue of androgens and sexuality.
Although there are a number of important remaining questions to be
answered regarding the relationship between androgens and the
sexuality of men, the existing evidence is surprisingly consistent.
Androgens are necessary (though not sufficient) for normal sexual
desire in men. Androgens are necessary for the production of seminal
fluid and, hence, normal ejaculation. It isnot yet clear whether they are
necessary for orgasmic capacity in men. The relationship between
androgens and erectile functionis more complex. Spontaneous erections
leg., Nocturnal Penile Tumescence (NPT)] are androgen-dependent.
They are impaired in states of hypogonadism and improved with
androgen replacement. NPT is often impaired in men with low sexual
desire. It is, therefore, possible that NPT provides a “window” into the
neurophysiological androgen-dependent substrate of sexual desire.

Erections in response to certain types of erotic stimuli (eg., visual
erotic stimuli) are not androgen-dependent. Normal responses to such
stimuli occur in hypogonadal men and are not changed with androgen
replacement. Thus, erectile failure occurring in androgen-deficient
men may be a reaction to the hormonally related loss of sexual desire
and not a direct consequence of androgen deficiency. Erotic tactile
sensitivity also does not appear to be androgen-dependent; in fact,
recent evidence shows that the threshold for erectile stimulation of the
penis and index finger are lower in hypogonadal men. It remains to be
seen if testosterone reduces tactile sensitivity. Sexual arousal does not
appear to be a modulator of androgen secretion since there is no
predictable rise in testosterone associated with sexual arousal in men.

Itisnotyet clear whether there is a threshold beyond which further
amounts of circulating testosterone have no effect on male sexuality, or
whether such threshold levels vary between individuals. There are
data from one limited study in eugonadal men with loss of sexual desire
that additional exogenous testosterone produces a modest increase in
sexual desire and data in normal young men, that the rigidity of NPT
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is enhanced by supraphysiological doses of testosterone. There is a
need for placebo-controlled studies of testosterone administration to
eugonadal young men to assess the effects on sexuality.

Whether the androgen effects on male sexuality are dependent on
testosterone, DHT or estradiol, is not yet clear. Estradiolis unlikely to
be involved as the administration of exogenous estradiol has adverse
effects on male sexuality and antiestrogenic drugs appear to have no
effect. There is some evidence that DHT is comparable to testosterone
in restoring sexuality in hypogonadal men but this evidence is
inconclusive and further studies are required regarding this issue.

Transport of exogenous testosteroneinto the central nervous system
isnot yet well understood in humans. It is not known whether DHT can
be transported from the plasma through the blood-brain barrier into
the central nervous system. Although primate studies support this
possibility, human studies have not yet been conducted. The extent to
which variations in plasma testosterone are reflected in tissue levels of
testosterone in the brain are also not known.

The cerebral neurotransmitters which mediate testosterone’s effects
on sexuality have not been adequately identified. There is evidence
from rodents that androgenic effects may be mimicked by ,-adreno-
receptor antagonists (eg., Yohimbine). Further animal studiesinvolving
neurotransmitters in castrate males are required together with
comparable studies in human hypogonadal patients.

Dr. John Bancroft discussed androgens and aggression. He stated
that the role of androgens in human aggression remains unclear.
Reasons for this include the confounding effect of social learning on
behavior as well as the effects of aggressive or assertive behavior on
testosterone levels. Androgens may enhance aggressive reactivity but
it is not clear to what extent such effects are, in general, confined to
sensitized individuals or dependent on an interaction with social
learning.

The evidence that androgens are related to aggressive behavior is
most apparent in studies of adolescents involving observer ratings of
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aggressive behavior. Of interestis the fact that criminals with a history
of violent crime have been found tohave higher testosterone levels than
criminals involved in non-violent crimes. This observation does not
necessarily imply causality.

No evidence is available on whether there is a threshold for
androgen effects on aggression in primates or humans. Much of the
confusion in the previous literature stems from the use of inadequate
or inappropriate measures of aggression. Further work is needed to
develop satisfactory methods of assessing aggressive behavior, including
self-ratings of response to provocative situations.

The confounding effect of social learning makes it important to
study the relationship between androgens and aggression in
longitudinal studies. These should be of two types: a) developmental,
and b) placebo-controlled studies of exogenous hormone administration.
Developmental studies are difficult and expensive to implement but
could be of two types: 1) measuring testosterone levels postnatally in
the saliva of male infants and relating this to subsequent development
of the propensity for aggressive behavior in childhood; and 2) the
assessment of the propensity for aggressive behavior and other
personality variables in boys prepubertally. Repeated assessment
during adolescence could be used to relate prepubertal behavioral
characteristics to the development of adolescent aggressive behavior,
and the possible interaction with rising testosterone levels.

Placebo-controlled studies could involve hypogonadal men and
eugonadal volunteers in studies specifically aimed at assessing
aggressive behavior using appropriate methods of measurement.
Comparable studies should alsobe attemptedin athletes taking excessive
doses of anabolic steroids.

Comments regarding this presentation noted that the methodology
for answering most of the remaining questions regarding androgen-
sexuality relationships in man exists and the required studies are
feasible. With aggression, there are some methodological issues still to
beresolved. Inpractical terms, the most accessible research designs are
those involving placebo-controlled studies of exogenous hormone
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administration. Longitudinal - developmental studies, while highly
desirable, are much more difficult to implement. Research should be
carried out by scientists with necessary expertise in both hormonal and
behavioral research. Usually, this means a multidisciplinary research
team.



SESSION V.
EFFECTS OF ANDROGENS ON REPRODUCTIVE
TARGET ORGANS

Gonadotropins are the most readily available target organ
parameters with which to evaluate and monitor the efficacy of androgen
substitution therapy. At the same time, gonadotropins are the best
known and most important factors in regulating spermatogenesis.
Therefore, knowledge concerning the control of gonadotropin secretion
is important.

Dr. Santen demonstrated that the acute infusion of estradiol in
normal men has effects on pituitary LH secretion, while chronic
estradiol infusion modulates hypothalamic GnRH pulses. The effect of
testosterone is predominantly on the hypothalamus and is exerted by
modulating the frequency of GnRH pulses. Testosterone does not need
to be aromatized to estradiol to exert its effects on the hypothalamo-
pituitary system. It also appears that testosterone does not need to be
reduced in the 5 position to exert its effects although the evidence in
this area is less clear and needs to be further investigated.

Turning to the regulation of FSH secretion, current evidence in
humans suggests that inhibin does not play a significant role in FSH
regulation. However, there are a variety of experimental studies
indicating such a role in other species.

F'SH secretion can be regulated through GnRH pulse frequency. A
slowing of GnRH pulses is associated with an increase in FSH levels.
Whether changes in GnRH pulse frequency can explain the elevated
FSH levels seen in some patients with unexplained oligospermia
(serum testosterone and LH are normal) or whether this mechanism is
of importance in the pathogenesis of idiopathic infertility is still
controversial. Studies in idiopathic male infertility using exogenous
GnRH treatment to enhance pulse frequency either show no beneficial
effects on spermatogenesis or are inconclusive since they are
uncontrolled. FSH releasing factors such as activin could also be
involved in FSH regulation but have not as yet been studied. According
to our present level of understanding, the most powerful modulators of
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FSH in men are the sex steroids (testosterone and estradiol).

Dr. Bremner reviewed data from human subjects regarding the
regulation of spermatogenesis. He used the paradigm of testosterone
enanthate suppression in normal men to lower LH and FSH levels. He
then substituted either hCG/LH or FSH or both hormones together. Dr.
Bremner showed that LH or FSH can re-initiate spermatogenesis in a
qualitatively normal fashion, but for quantitatively normal
spermatogenesis, both hormonesarerequired simultaneously. However,
these experiments are performed in a milieu with high circulating
testosterone levels which do not mimic a true hypogonadal state. Re-
initiation of spermatogenesis under these circumstances may have
different requirements than maintenance of spermatogenesis.

When normal men are treated with GnRH antagonists, testosterone
has an effect additive to that of the GnRH antagonists in terms of
gonadotropin suppression. This could mean that suppression of
spermatogenesis with GnRH antagonists could be achieved in the
presence of testosterone substitution. Indeed, in the monkey model
utilized by Dr. Bremner, suppression of spermatogenesis to azoospermia
was achieved despite testosterone substitution. Results from another
group (Munster, Germany), however, show that testosterone, when
simultaneously applied with a GnRH antagonist has a delaying effect
on the suppression of spermatogenesis.

Dr. Matsumoto emphasized that some of our conclusions regarding
gonadotropin suppression may be impeded by insensitive or
inappropriate gonadotropin assays. He showed that in a dose response
study, weekly injections of 300 mg of testosterone enanthate were not
more effective in terms of suppressing spermatogenesis in normal
malesthan 100 mgtestosterone enanthateinjected weekly. He explains
the incomplete suppression of spermatogenesis in some individuals in
both groups by the presence of residual bioactivity of the gonadotropins
still in circulation.

This session highlighted the need for more sensitive gonadotropin
assays for future research. Preferably, not only immuno- but also
bioactivity should be measured. In addition, human studies with
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GnRH antagonists are required to finally determine the role of
testosterone in regards to suppression of spermatogenesis. This issue
is complex since testosterone may act either to 1) enhance the degree
of gonadotropin suppression or 2) exert a direct effect on the testes to
support spermatogenesis. These two actions would produce divergent
effects on spermatogenesis. Finally, GnRH antagonist-treated men
may also provide an excellent model to study the relative role of FSH
and LH/testosterone in spermatogenesis.



SESSION VI.
ANDROGENS AND AGING

Dr. Vermeulen indicated that, in cross-sectional studies, mean
production rates, peripheral serum levels and spermatic venous
concentrations of testosterone decrease in elderly men. The decrease is
accentuated with illness and very healthy men may have serum
testosterone levels in the normal range despite advanced age. Since sex
hormone binding globulin concentrations increase with age, the serum
concentrations of free testosterone and bioavailable testosterone
decrease to a greater degree than total testosterone in the elderly.
Serum DHT levels are either slightly decreased or unchanged with age,
perhaps reflecting increased production of DHT from prostate tissue in
the aged. Serum and urine 3-androstanediol and 3-androstanediol
glucuronide decrease with age. Serum estradiol has beenreported to be
either increased or unchanged in elderly men with an increase in
serum estradiol/testosterone ratios in most studies. Tissue levels of
testosterone also fall in the aged, while DHT decreases only slightly
with aging and may be increased in the prostate in the aged. The total
tissue androgen (testosterone + andro- stenedione + 3-androstanediol)
concentration decreases with age. Factors other than age influence
blood testosterone concentrations. These include medications, stress
and smoking. While some investigators have suggested that diet may
be afactor, Vermeulen’s studies found that Belgian monks on vegetarian
diets had the same serum testosterone concentra-tions as Belgians on
macrobiotic diets. In at least one study (Vermeulen), smokers had
increased serum free testosterone compared to non-smokers (see later
discussion on smoking impairing erectile function). In contrast, acute
stress lowers serum testosterone while raising serum adrenal
glucocorticoids (cortisol) and androgen precursors (DHEA).

The cause of lowered testosterone in the elderly is decreased Leydig
(interstitial) cell function in the testis as evidenced by diminished
intratesticular concentrations of testosterone, basal testosterone
secretion and response to LH or hCG. In addition to the primary defect
in the testes, the pituitary gland fails to compensate normally and
many investigatorshavereported an additional hypothalamic-pituitary
gland defect in aged man. Most studies (but not all) show increased
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mean serum LH and FSH in the aged population, but the increase is
often less than predicted for younger men with similar serum
testosterone levels. The difference in serum androgen concentrations
between young adult men and men over the age of 60 differs depending
on the time of sampling. Serum testosterone levels are higher in young
men in the morning hours (a diurnal effect lost in older men). Thus, the
age effect is maximal in the early morning and minimal in the
afternoon and evening.

Sexual function also decreases with age. Nocturnal penile
tumescence is impaired in many older men. The decrease in potency
appears to be multifactorial with impaired penile vascular function, a
major factor in many men. Morley et al. demonstrated that about half
of impotent elderly men had impaired penile-brachial blood pressure
indices. Many other factors may influence sexual function in the
elderly including circulating androgen concentrations, depression and
smoking. While there is a decrease in serum testosterone with aging,
the importance of this decrease in sexual function is unknown. Morley
has estimated about 37% of elderly men with impotence have lower
than normal (for young men) bioavailable testosterone. Since there are
other factors (i.e., vascular) that can be impaired with aging, the
correlation of decreased testosterone concentrations and impotence in
the aged man is not very good. Because of the associated defect in the
hypothalamic regulation of gonadotropins, using serum LH and FSH
concentrations to distinguish non-significant from biologically important
defects in serum testosterone concentrations, may not be reliable.

It should be noted that all the data on the correlations between
androgen levels and sexual dysfunction are cross-sectional. In any age
group, the range of normal serum levels of testosterone are wide (i.e.,
250-1100 ng/dl in some laboratories). Since there is no correlation
between secondary sexual characteristics, sexual function, and serum
testosterone levels (within the normal range), it has been presumed
that there is a difference in end organ responsiveness in different men.
That is, each man has his own set point. It would be of great value to
have longitudinal data to determine if there is a major ranking change
in serum testosterone in some subjects as they age. That is, does the
manwhose testosterone concentration ranked him in the 80th percentile
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at age 30 continue to be at a relative high level as he ages. It is possible
that the entire population slides downhill in terms of testicular function
with age or that certain subjects develop marked shifts in their ability
to secrete testosterone (i.e., fall from 80th percentile at age 30 to 10th
percentﬂe at age 70).

Smce androgen deficiency may result in decreased sexual and
metabolic function with age, it is of great importance to know if
treatment of elderly men with testosterone will improve bone and
muscular function, sexual function, life style, general well-being and
longevity or through negative effects (i.e., increased cardiovascular
risk from lowered HDL cholesterol, development or aggravation of
BPH, or prostate carcinoma) be deleterious. Reports from some
investigators at the meeting indicate that some elderly men with
impaired sexual function and slightly reduced or low normal serum
testosterone improve after androgen therapy (see Treatment section).
This suggests that the modest decrease in serum testosterone seen in
elderly men may be of clinical significance. More information is needed.
Larger scale data on whether testosterone treatment of elderly men (to
raise concentrations to those of young men) will improve calcium
metabolism, muscular mass, and general well-being significantly,
needs to be assessed. Concerns about the effects of such treatment on
risk from cardiovascular and prostate disease also deserve study.
Animal models for aging and the effects of testosterone concentrations
on the prostate gland seem limited to the dog. In the Baltimore
longitudinal prostate study in dogs, the investigators (Coffey et al.)
have shown that serum testosterone decreases about 30% in old dogs,
while the prostate DHT and gland size increases with age. In one series
of studies, they have clamped serum testosterone at young adult dog
levels and are following these effects on the dog prostate. These studies
have thus far not demonstrated increased prostate hypertrophy. These
data are encouraging as to the risk of such a study in men.

A consensus regarding several points emerged from these
presentations and discussion. The majority of older patients with
altered erectile function probably do not have diminished androgen
levels as a primary mechanistic basis for this symptom. However,
diminished androgen levels may play a role in the production of erectile
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dysfunction. The majority of the participants favor a well-designed,
Jong-term testosterone intervention study in elderly men. Indications
for treatment in elderly patients are not yet established but await
studies such as those of Dr. Tenover. Her studies involve assessment
of bone mass, lipids, behavioral effects, erectile function and other
parameters during administration of placebo and androgens. It was
agreed that no data are yet available to assess risk benefit ratios with
respect to androgen therapy and the possibility of development of
benign prostatic hyperplasia and prostatic cancer. Indeed, it was
generally agreed that no data are available to either support or refute
the possibility that exogenous androgens can cause either benign
prostatic hyperplasia or prostatic cancer in patients.



SESSION VIIL.
ANDROGEN ABUSE BY ATHLETES

Dr. Jean D. Wilson reviewed the use and abuse of androgens by
athletes. Most evidence about patterns of abuse ofanabolic steroids and
their metabolic effects are anecdotal in nature. A few generalizations
are warranted: the pattern of abuse has changed from one in which one
agent was taken, to the so-called stacked pyramid. With this latter
method, several drugs are taken serially or at the same time. These
regimens frequently contain mixtures of oral and injectable steroids.
The total dose of anabolic steroid taken by athletes also seems to have
increased over the years. Some agents being abused are actually
veterinary drugs, either considered too toxic for human use or not
studied in humans. Other agents are produced in underground labs
and/or offshore, and hence, may either contain toxic agents and/or be
ineffective.

Abuse is widespread, despite the difficulty in proving that they do,
in fact, have a salutary effect on athletic performance in adult men.
Presumably, these agents would have a positive effect in adolescent
boys and women of all ages, but it would be unethical to study them in
such groups. Regardless of the problems at the scientificlevel, the belief
is common and pervasive—on the part of athletes themselves, coaches,
many sports physicians, and the public at large—that they are beneficial.
Itispossible that androgens do have ameliorative effects but itis difficult
to objectively document such effects for any of several reasons: 1) The
effect is uniform and consistent but of such a small magnitude that
documenting statistical significanceis difficult. Small effects, of course,
could be of major benefit in top athletes. 2) The effect is dosage-related
which makes blinded studies difficult to design. 3) There is a major
genetic polymorphism in response among individuals. The smaller the
subset of individuals who respond positively, the harder it is to design
studiesto ascertain such subgroups. 4) The positive effects are mediated
by one or more metabolites that are formed from some but not all drugs
or by some indirect mechanism (such as distortion of hepatic function).

If androgens do work to enhance muscle size and/or athletic
performance, how do they work? 1) Action via the androgen receptor
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is unlikely because the androgen receptors in muscle appear to be
down-regulated by androgen, although admittedly there could be
heterogeneity in this down-regulation; and 2) Action via the
glucocorticoid receptor is possible. At high doses, some androgens --
such as methyltestosterone—actas glucocorticoid antagonists. Whether
this-phenomenon is of clinical significance is unknown.

Regardless of whether anabolic steroids are effective in promoting
athletic performance and/or strength, there are sound medical reasons
to discourage abuse. Undesirable side effects can be categorized into
three subgroups: 1) virilizing side effects -these represent physiologic
actions in adult men (i.e., suppression of spermatogenesis which
resolves upon cessation of therapy) but can be undesirable in
inappropriate settings such asin adolescent boys (premature closure of
the epiphyses) or in women (coarsing of the voice, hirsutism); 2)
feminizing side effects - these are the result of aromatization of some
(not all) androgens to physiologically effective estrogens; and 3) toxic
side effects - some of these may be the consequence of effects of impeded
androgens on hepatic function and some of which (such as secondary
polycythemia) may be due to heterogeneity in the magnitude of
physiological responses to pharmacological agents.

Long-term side effects of androgen abuse have not been studied
systematically, but the general impression is that toxic effects are not
as frequent nor as severe as one might expect on the basis of short-term
studies. This discrepancy may be due to the fact that androgen abuse
is characteristically intermittent. Normally, among competitive athletes,
it is common to take the agents during periods of intense training and
to follow these episodes with “washout” periods of abstinence. The
pattern of abuse may be different in body builders, some of whom take
the drugs for long periods. Almost no studies have been performed in
the latter group. Alternatively, it may be that adequate long-term
studies of toxicity have not been done, and that the incidence of toxicity
is underestimated.

Dr. Nair described his metabolic studies in men receiving anabolic
steroids. He used steady-stateinfusions of radiolabeled leucine to study
the rates of wholebody protein synthesis and the contribution of muscle
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to overall protein synthesis. It appeared that androgens may enhance
muscular protein synthesis in three groups—hypogonadal men, men
with myotonic dystrophy and possibly in normal men as well.

Dr. Nieschlag commented regarding German body builders who
abuse androgens. He noted that the pattern of abuse is intermittent,
butitiscommon to take more than one drug simultaneously and totake
very high doses. In such men, suppression of spermatogenesis is a
common finding, and low sperm counts can persist for long periods
(several months) after the agent is stopped. Nonetheless, the sperm
counts in these men ultimately return to normal.



SESSION VIII.
PHARMACOLOGIC ASPECTS

Dr. Handelsmanoutlined the criteriaforideal androgenreplacement
therapy (Table I, page 54) which included reproducible blood levels of
testosterone, zero order release kinetics, prolonged duration of action,
ability to flexibly alter drug dosages, ease of administration, low cost,
and ability to maintain norinal physiologic levels of testosterone. The
goals of therapy are to achieve normal physiologic levels of androgen
and to relieve symptoms of androgen deficiency. There are no data to
indicate that maintenance of a diurnal pattern of testosterone nor the
replication of testosterone pulses are necessary. Biochemical markers
ofandrogen action would be desirable to monitor efficacy of therapy but
none are currently validated.

The oral androgens include a) 17-alkylated androgens, b) 1-methyl
androgens, ¢) micronized testosterone, and d) testosterone undecanoate.
The 17-alkylated androgens areinherently hepatotoxic due to the effects
of the substituent and, therefore, unsafe for long-term clinical use.
There is no place for them in current clinical use. The pharmacology of
both syntheticandrogengroups (aandb)are poorly described by modern
standardsdue tothelack of widely available assays and suitable studies.
The 1-methyl androgens (mesterolone, methenolone) are thought not
to be hepatotoxic but their pharmacology and efficacy have been little
studied. Micronized testosterone has been usedintermittently over the
years but is not currently of much interest. It requires high doses to
overcome poor oral bioavailability due to rapid first-pass hepatic
metabolism. This inevitably produces a high hepatic steroid load.
Testosterone undecanoate (TU) is an unsaturated aliphatic fatty acid
ester of testosterone which, due to its lipophilic nature, is absorbed via
the gut lymphatic system. Clinical study indicates, however, that while
TU therapy can provide physiological total and free testosterone levels,
it fails to suppress gonadotropins consistently while there is marked
suppression of circulating SHBG levels. The fall in SHBG levels is
thought to be due to inhibition of hepatic synthesis and secretion of
SHBG as a result of excessive androgen levels. In addition, the cost is
high. The high cost, excessive hepatic effects and multi-daily dosing
make it unfavorable for development in male contraception.
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Among the parenteral androgens, the use of testosterone pellet,
implants and testosterone esters were then reviewed. Testosterone
pelletsareavailable as either 100 mgor 200 mg of crystalline testosterone
fused into a cylindrical shape. They are implanted in the lower
abdominal wall via trochar and cannula in a minor surgical procedure
using local anesthesia but without need for suturing. These pellet
implants produce sustained elevations of total and free testosterone for
4-6 months depending on dose. Pellet implants suppressed LH and
FSH levels but had no effect on SHBG levels. The pellets are absorbed
by auniform surface-erosion mechanism and two independent methods
prove that the kinetics are virtually zero-order with a release rate of
0.75 mg/day/100 mg pellet. This allowed a very flexible dosing scheme
providing testosterone release rates of from 0.75 to 9.0 mg/day in
increments of 0.75 mg/day. Weekly and daily sampling studies show
that testosterone pellet implants do not exhibit early burst release.
This modality was highly effective, produced verylong-acting androgen
effects and was preferred by patients once they had experience with the
lack of fluctuations in androgen levels. The drawback was the need to
use a trochar to implant pellets and the extrusion of pellets which
occurred after about 5% of implant procedures.

Testosterone esters are usually injected IM in an oil vehicle to form
depot release preparations. These are the most commonly used
testosterone preparations and are widely regarded as safe, inexpensive
and reasonably effective. Their major limitation is their inflexibility as
a dosing form and the inability to provide sufficiently long-acting
effects (2-3months). The kinetics of testosterone entryinto the circulation
is dictated by the rate-limiting of release of the esters from the oily
vehicleinjection site. The rate of testosterone ester release isinfluenced
by the volume and type of 0il, the site of injection and its blood flow and,
most practicably, by the nature of the side-chain ester moiety, especially
its hydrophobicity. The systematic variations are exemplified by the
shorter duration of action of the short-chain propionate compared with
the 7-10 carbon chain esters (hexane, enanthate, decanoate) which
have mostly indistinguishable kinetics. Similarly, the longer chains
(15 vs. 10) of 19-nor-testosterone do produce longer duration effects
which, therefore, exploit more fully the ester side-chain moieties.
Pharmacological modeling based on testosterone enanthate indicate



